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chapter 13 | The Lagar Velho 1 Human Skeletal
Inventory

❚ CIDÁLIA DUARTE ❚ SIMON W. HILLSON ❚ TRENTON W. HOLLIDAY ❚ ERIK TRINKAUS ❚ 

The skeletal remains of Lagar Velho 1 (Figs. 13-1 and 13-2) were principally identified in
situ by CD during the burial excavation or the subsequent excavation of the scattered cranial

remains. A few additional elements were identified during the sorting of the screened sedi-

ments and faunal remains by CD and ET. This was followed by the resorting and precise iden-

tification of all of the dental and skeletal remains in the laboratory by the four of us, with CD

and ET assessing the cranial, mandibular and appendicular elements, SWH being responsi-

ble for the dental remains and TWH assessing the articulated and scattered axial remains.

Given the excellent preservation of the majority of the postcranial skeleton and the

preservation of most of it in anatomical position in situ, precise identification of a number

of the smaller elements was based on their original positions in situ relative to larger skele-

tal elements. This applies particularly to the hand and foot remains, since the right hand and

the right foot were essentially undisturbed in the burial. It was therefore possible to label

most of their metacarpals/metatarsals, phalanges and associated unfused epiphyses to pha-

langeal row and digit. Since this had been done during excavation, it was possible to assign

most of the disturbed left manual and right pedal remains correctly to digit by assuming

near symmetry and using the more complete hand and foot for reference. In all cases,

assignments were checked against morphological patterns to verify accuracy.

The thoracic skeleton and the lumbosacral region were removed en bloc and excavated in

the laboratory, principally by TWH. Rib and vertebral number were determined from their in
situ positions; only the cervical elements had to be identified based on morphology, and many

of them remain indeterminate as to number within the C3 to C7 portion of the column.

The mandible and the left inferior side of the neurocranium were discovered in approxi-

mate anatomical position, dislocated about 20 cm from their anatomically correct location. The

remainder of the inventoried cranial elements, a number of the teeth, and a large number of

small pieces of cranial vault which have not been fit onto the neurocranial assembly were scat-

tered for some distance to the east of the burial along the rockshelter wall. The initial sorting

of the small cranial fragments was done by CD during and after excavation. The majority of the

reassembly was accomplished by ET in June 1999 and January 2000, resulting in three large

sections of the vault. During July 2000, M. Ponce de León, C.P.E. Zollikofer, R.G. Franciscus

and ET identified several additional fits, which resulted in the joining of these three large pieces

together, plus the extension of the occipital midline to opisthion.

The inventory provides a list of each separate skeletal or dental element as preserved,

with multiple entries for bones which are represented by more than one piece. The bone, side,

excavation number (excavation unit followed by the specimen number), preservation and any

inventorial considerations are indicated. The maximum preserved dimension(s) of each skele-

tal element is provided as an indication of its overall dimensions; rarely are these measure-

ments equivalent to standard osteometric values, and they should not be used as such unless

repeated in the chapters on morphological aspects of the remains. When more than one iden-

tified specimen has the same field number, the different pieces are identified by lower-case

alphabetical letters that follow the numbers. Field numbers correspond to provenience loca-
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FIG. 13-1 – The Lagar Velho 1

skeleton reassembled in the

laboratory.
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FIG. 13-2 – The recovery and reconstruction of the skull of Lagar Velho 1. Top left: view of the excavation, in the summer of

1999, of the disturbed area east of the burial where most of the smaller pieces of the scattered skull were recovered. 

Top right: close-up view of the concentration of skull fragments in squares L23-34. Bottom: using forensic information, the

virtual skull derived from the physical reconstruction was dressed with soft issues and served as the basis for an artistic

reconstruction of the child’s facial appearance (by James Mindham and Ian Claxton, courtesy Anglia Television/Trevor

Showler; the computer-assisted reconstruction used in the animation is preliminary and differs in some details, especially

where the relative height of the posterior vault is concerned, from the final version presented in Fig. 22-5).
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tion; if two plotted elements were associated in situ, they receive the same number, with dif-

ferent lower case alphabetical letters. This is the case for teeth in the mandible, which have

the same number as the jaw fragment where they were implanted (e.g.L20.42b), followed by

a lower case letter. Because screening was done in the lab, after excavation, with the aid of a

magnifying glass, many small fragments were recovered long after excavation. These ele-

ments are also labeled with a unit number followed by specimen number for that unit. Their

exact location is only known to a maximum precision of quadrant (SE, SW, NW, NE) for each

unit for every 5 cm level, corresponding to the precision of the sediment recovery.

Skeletal elements described in the present inventory are solely those that have been

identified as to anatomical portion. Some cranial fragments have imprecise locations, since

many were recovered on the surface, in visibly disturbed areas. These elements of unknown

provenience are labeled with no unit indication, only designated by a number between

brackets. Many other bone fragments have been catalogued, but because of their small

dimensions they have not been identified anatomically. Those elements are not described

here and are not part of the inventory presented.

The Cranial and Mandibular Remains

Bone Side Number Preservation / Notes

Frontal right L24.42 Lateral orbital margin from the frontozygomatic suture to midorbit, with erosion

to the suture but retaining most of the trigonum orbitale and a portion of the 

adjacent orbital roof. Maximum breadth: 27 mm; maximum depth: 21.6 mm.

Frontal left L20.315 Superior orbital margin from the frontozygomatic suture to the supraorbital

L20.400a notch up on to the beginning of the squamous portion, with a small piece of 

orbital roof laterally and endocranial surface above the midorbit. Maximum 

breadth: 29.0 mm; maximum depth: 19.0 mm.

Frontal mid L24.52 Middle squamous portion with the superior part of glabella, extending 

posteriorly much of the way to bregma. Endocranially, it includes all of the frontal 

crest extending up into its full bifurcation for the anterior portion of the sagittal 

sinus. Maximum breadth: 29.5 mm; maximum sagittal dimension: 49.5 mm.

Frontal right L24.31 Posterolateral squamous portion along the coronal suture from pterion up

L24.32 toward bregma. The anterolateral break is close to the temporal crest next to 

frontozygomatic posterior. Maximum height: 81.8 mm; maximum sagittal 

dimension: 43.0 mm.

Frontal left L21.10 Posterior squamous section along the coronal suture, with postmortem 

L22.1 flattening and lateral curving of the bone. Maximum sagittal dimension: 

L23.5 49.2 mm; maximum height: 69.0 mm.

Parietal right L23.27 Incomplete parietal piece from the coronal suture and pterion to lambda, with

L23.28 77.5 mm of the coronal suture (superiorly from pterion), 45.0 mm of the mid 

L24.28 sagittal suture, 22.4 mm of the posterior sagittal suture from lambda, and 

L24.37 24.0 mm of the medial lambdoid suture. The corner by bregma is absent, and 

L24.48 the inferolateral margins are absent, present as small isolated pieces, or attached 

to the right temporal bone along the squamous and parietomastoid sutures. 

There were three sutural ossicles along the sagittal suture extending anteriorly 

from lambda. Maximum preserved length: 126.0 mm; maximum breadth 

(mediosuperior to lateroinferior): 117.0 mm. The multiple glue joins between 

pieces plus the joining of the elements with the distorted left cranial vault have 

led to some distortion of the parietal bone, although any postmortem distortion 

of the individual elements on the right side appears to have been minimal.
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Bone Side Number Preservation / Notes

Parietal right L23.6 Three small pieces along the posterosuperior squamous suture with the 

L23.29 parietomastoid suture around a (now absent) ossicle in the parietal notch and 

L24.59 extending almost to asterion. The assembly is attached to the right temporal 

bone. Maximum anteroposterior dimension: 44.0 mm; maximum height: 

52.5 mm.

Parietal left L20.4 Major portion of the parietal bone from the mid-coronal suture to the 

L20.6 lambdoid suture, with the superoposterior portion connected to the lateral 

L20.51 portion only by a small join near lambda. It retains ca.54 mm of the coronal  

L20.52 suture, all ofthe parietomastoid suture, almost all of the left squamous suture, 

L20.53 and almost all of the lambdoid suture to lambda. Maximum length: 135 mm;  

L20.60 maximumheight/breadth: 94.5 mm. Note: the posterolateral cranial 

L20.142 reassembly consists of multiple pieces that were separated in situ; the large 

L20.149 number of resultant glue joins has resulted in some inevitable minor  

L20.152c distortion of the neurocranial vault. More importantly, it is apparent on visual 

L20.220 inspection that the parietal bone experienced in situ warping of the bones, 

L20.223 resulting in an abnormal flattening of the mid-parietal area above the  

L20.224 squamous suture and a lateral concavity of the anterior parietal bone near  

L20.342 the coronal suture (see Chapter 22).

L20.347

Parietal left L20.8 A superior piece connected to the right parietal through the mid-sagittal 

L20.124 suture, and through that and the occipital bone plus a sagittal sutural ossicle 

L20.126 in the region of lambda to the larger lateral portion of the left parietal. 

L20.153 It retains ca.52 mm of the mid-sagittal suture with adjacent superior parietal 

L20.221 bones. Maximum length: 84.5 mm; maximum breadth: 78 mm.

Occipital mid L20.19 Several pieces are present that join along the midline to include the right 

L20.21 superior nuchal plane from midline to the right occipitomastoid suture with 

L20.36 the semispinalis capitis fossa, the transverse sinus sulcus, portions of the 

L20.146 occipital plane which join along the midline and to the right of it up to lambda 

L24.2 with the central and medial left lambdoid suture, the central crest descending 

to opisthion, plus the posteromedial left lateral part with the posterolateral 

foramen magnum border and the adjacent inferior nuchal plane across the 

partly fused posterior left foramen magnum synchondrosis. Maximum sagittal 

dimension: 99 mm.

Occipital right L20.15 All of the posterior condyle with all of the synchondrosis for the basioccipital

and all of the hypoglossal canal. Maximum length: 19 mm.

Occipital left L20.52 Portion of the lateral nuchal surface with a 17 mm section of occipitomastoid 

suture, and it retains the lateral end of the transverse sinus sulcus. Maximum 

height: 24 mm; maximum length/breadth: 27 mm.

Occipital left L20.11 Portion of the lateral superior nuchal surface with a trace of the lambdoid 

L20.12 suture, the transverse sinus sulcus, and the lateral half of the semispinalis 

L20.225 capitis fossa. Maximum height: 30.0 mm; maximum length/breadth: 45.8 mm.

Occipital left L20.40 Small piece of the mid left lambdoid suture border. Maximum height: 24 mm;

maximum breadth: 25.3 mm.

Occipital mid L20.152a L20.152a: left portion of the basioccipital with all of the anterior condylar 

L20.152b synchondrosis to the medial sphenooccipital synchondrosis. Maximum 

dimension (AM-PL): 24.6 mm.

L20.152b: anterior right corner of the basioccipital with the right third of the 

sphenoidal synchondrosis plus the adjacent superior, inferior and lateral 

surfaces. Maximum length: 7.8 mm; maximum height: 10.9 mm.

The two pieces join along an abraded surface just to the right of the midline.
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Bone Side Number Preservation / Notes

Sagittal mid Sutural bone into posteromedial right parietal bone, adjacent to large one 

Sutural (now absent) into the right parietal bone at lambda. Maximum length: 18 mm; 

Bone maximum breadth: 24.5 mm. An additional one was present just anterior of 

this bone, extending from the sagittal suture into the right parietal bone.

Lambdoid left Two sutural bones just lateral of lambda. Medial bone: maximum length: 

Sutural 19 mm; maximum breadth: 16 mm. More lateral bone: maximum length: 

Bones 19.5 mm; maximum breadth: 9 mm.

Sutural Isolated sutural bones, possibly lambdoid. Dimensions: 18 x 16 mm and 

Bones 18 x 11 mm.

Cranial vault Numerous small fragments (maximum dimension < 30 mm).

Temporal right L24.38 The major portion of the bone lacking principally most of the squamous 

L24.50a portion and most of the zygomatic process. It retains complete mastoid 

process, the juxtamastoid eminence, the glenoid fossa and the tympanic 

portion. The petrous portion lacks only the external wall of the carotid canal. 

There is a small piece of the posterior squamous portion, the root of the 

zygomatic process is present, and all of the mastooccipital suture is present. 

Maximum length: 69.5 mm; maximum breadth 39 mm.

Temporal left L19.14a Most of the lateral temporal bone including the glenoid fossa, the lateral 

L20.51 margin of the auditory meatus with the lateral tympanic bone, the root of 

L20.54 the zygomatic process (but none of the process), all of the mastoid process,  

L20.222 the juxtamastoid eminence, the postglenoid process, the vaginal process,  

the posterior half of the squamous suture, the anterior third of the squamous 

suture, and the parietomastoid suture. The petrous portion is absent, and 

the endocranial surface of the mastoid region is eroded. Maximum length: 

75.7 mm; maximum height: 53.5 mm.

Temporal left L20.714 Anterior zygomatic arch with the superior and inferior sutures, broken 

posteriorly near the minimum diameters of the arch just anterior of the 

articular tubercle. Maximum length: 17.7 mm. 

Asterionic right Sutural bone which fits into a notch in the posterosuperior temporal bone at 

Sutural Bone asterion. Maximum height: 15.0 mm; maximum breadth: 11.7 mm.

Asterionic left Sutural bone which fits into a notch in the posterosuperior temporal bone at 

Sutural Bone asterion. Maximum height: 13.8 mm; maximum breadth: 11.6 mm.

Malleus right L24.50b Complete.

Malleus left L20.309 Complete.

Incus right L24.50c Complete with damage to the distal end.

Stapes right L24.50d Complete. Remains within the right temporal bone due to postmortem 

adhesion to the temporal bone.

Sphenoid right L24.50a Small piece of the inferior greater wing joined along the suture with the 

anterior temporal bone. Maximum anteroposterior dimension: 22.5 mm; 

maximum breadth: 17 mm.

Zygomatic right L25.9 Complete frontal process with anterior damage to the frontozygomatic suture 

and retaining all of the sphenoid suture. It was sheared off at the inferior 

orbital level. There is abrasion to the superoposterior corner of the temporal 

fascia crest. Maximum preserved height: 21.7 mm.

Zygomatic right L23.42 Maxillary process of the zygomatic bone with the orbital margin and portions 

of all three surfaces. Maximum breadth: 17.2 mm.
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Bone Side Number Preservation / Notes

Nasal Bone left The nasal bone with the internasal and frontal sutures, the medial half of the 

superior nasal aperture margin, and the superior 6.1 mm of the maxillonasal 

suture. Maximum height/length: 15.3 mm.

Maxilla right L24.24 The medial maxilla with the inferolateral and lateral nasal aperture margins, 

the anterolateral nasal cavity surface, the lateral two-thirds of the anterior nasal

floor, the medial orbital margin, and a medial portion of the infraorbital 

surface. Maximum height: 23 mm; maximum breadth: 15 mm.

Maxilla left L24.1 The medial maxilla with the superolateral nasal aperture margin, the 

maxillonasal suture, the maxillofrontal suture, the medial inferior orbital 

margin with the lacrimal fossa, and the medial infraorbital surface. Maximum 

height: 29 mm.

Maxilla right L23.34 Small piece of lateral alveolar bone with the buccal root sockets for the dm2. 

Maximum anteroposterior dimension: 11.4 mm; maximum height: 10.6 mm.

Maxilla left L20.662a Small piece of lateral alveolar bone with the buccal root sockets for the dm2. 

Maximum anteroposterior dimension: 12.8 mm; maximum height: 13.5 mm.

Mandible right and L20.18a The complete corpus (L20.42a) from the right di2/dc1 interdental septum to

left L20.42a the left dm2 alveolus. The right I2 was exposed distally and removed during 

cleaning. The dm2 alveolus is damaged mostly lingually. The ramus (L20.18a) 

is largely complete, but it lacks the condylar process. The crypt for the M2 was 

broken open lingually. The two pieces are joined across a recent break of the 

basilar margin beneath the M1 crypt. Maximum length: 74 mm.

The Dental Remains

The Lagar Velho 1 teeth were either found in their alveoli or crypts in the symphyseal

and left mandibular piece (right di2 to left dm2 and the right I2 to the left M2) or were scat-

tered with the cranial remains to the east of the burial. The isolated teeth have therefore been

identified on the basis of morphology and of comparison (for right mandibular teeth) to

those preserved with the mandible. The right I1 to left P1 remain in the mandibular corpus,

although damage to the corpus allowed the removal of the right I2 and left M1 and M2 with-

out further damage to the bone. In general, the teeth are well preserved but the deciduous

teeth tend to be extremely fragile with separations of the enamel from the underlying dentin.

For terminology, given the variety of systems currently employed (Hillson, 1996), lower

case letters with ‘d’ are employed for the deciduous (or primary) dentition and upper case

for the permanent (or secondary) dentition. Superscripts are employed for the maxillary den-

tition and subscripts for the mandibular dentition. Deciduous molars are referred to as such

and abbreviated ‘dm’, rather than using the vertebrate paleontological term of “deciduous

premolars” and ‘dp’. Similarly, permanent premolars are referred to as ‘P’ and numbered ‘1’

and ‘2’, rather than as ‘3’ and ‘4’ as in vertebrate paleontology. 

Tooth Side Number Preservation / Notes

MMaaxxiillllaa

di1 right L24.34 Complete with loss of lingual enamel near the cervix

di1 left L23.20 Complete with loss of lingual enamel

di2 right L25.1 Complete
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Tooth Side Number Preservation / Notes

MMaaxxiillllaa

di2 left L20.145b Complete with root apex damage

dc1 right L24.54 Complete

dc1 left L20.150 Complete

dm1 right L24.4 Complete – root apices damaged

dm1 left L20.65 Complete – root apices damaged

dm2 right L20.472 Complete – root apices damaged

dm2 left L20.48 Complete – root apices damaged

I1 right L24.18 Developing crown almost complete

I1 left L23.15 Developing crown almost complete

I2 right L24.17 Developing crown just over three-quarters complete

I2 left L21.35 Developing crown just over three-quarters complete

C1 right L21.34 Developing crown three-quarters complete

C1 left L20.151 Developing crown three-quarters complete

P1 right L23.19 Developing crown one-half complete

P1 left L20.152d Developing crown one-half complete

P2 right L23.2c Developing crown – occlusal surface complete

M1 right L24.16 Crown complete – developing root one-quarter complete but damaged

M1 left L20.152c Crown complete – developing root one-quarter complete but damaged

M2 right L20.473 Developing crown – occlusal surface almost complete

M2 left L20.387 Developing crown – occlusal surface almost complete

Tooth Side Number Preservation / Notes

MMaannddiibbllee

di1 right L20.42c Complete with loss of lingual enamel

di1 left L20.42d Complete with loss of lingual enamel

di2 right L20.42e Complete with loss of lingual enamel

di2 left L20.42f Complete with loss of lingual enamel

dc1 right K23.15 Complete

dc1 left L20.42g Complete

dm1 right K23.4 Complete – root apices damaged

dm1 left L20.42h Complete – root apices damaged

dm2 right L22.2 Complete – root apices damaged

dm2 left L20.42i Complete – root apices damaged

I1 right L20.42a In crypt – developing crown almost complete

I1 left L20.42a In crypt

I2 right L20.42j Developing crown almost complete

I2 left L20.42a In crypt

C1 right K24.7 Developing crown three-quarters complete

C1 left L20.42a In crypt

P1 right K23.1 Developing crown one-half complete

P1 left L20.42a In crypt
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Tooth Side Number Preservation / Notes

MMaannddiibbllee

P2 left L20.42k Developing crown – occlusal surface complete but broken in half

M1 right L24.15 Crown complete – developing root one-quarter complete but damaged

M1 left L20.47 Crown complete – developing root one-quarter complete but damaged

M2 right L23.2b Developing crown – occlusal surface almost complete

M2 left L20.18b Developing crown – occlusal surface almost complete

The Axial Remains

The axial skeleton was removed en bloc, and subsequent removal of the separate ele-

ments was undertaken in the laboratory. It was there discovered that some bones could not

be removed as individual elements. First, the right ribs are folded and compressed into a sin-

gle unit and cannot be separated. Also, left ribs 9, 10 and 11 are very fragile and thus remain

embedded in a single piece of matrix. Likewise, the centra of thoracic vertebrae 5 and 6 (T5

and T6) remain adhered to each other and to the neural arches of T6 and T7. Additionally,

the neural arches of T8-L1 and the centra of T7 through L1 remain a single unit. No twelfth

ribs were recovered, indicating that they were not present in the Lagar Velho 1 specimen.

Several small left rib fragments are not included in the inventory.

Bone Side Number Preservation / Notes

VVeerrtteebbrraaee

C1 (Atlas) L20.56 Most of the right half of the bone. It evinces damage to the superolateral 

L20.57 margin of the superior articular facet. While the posterior arch is complete, 

the anterior arch is missing, and only a small portion of the posterior root of 

the transverse process is preserved. Neural arch transverse diameter: ca.20.5 mm.

Most of the vertebra’s left half lacking only its anterior arch. Its posterior arch 

is complete and was not yet fused to the right. There is a glued anteroposterior 

break in the superior articular facet, and the inferior articular facet evinces 

minor damage to its anteromedial margin. Superior articular facet 

anteroposterior diameter: ca.17.2 mm.

C2 (Axis) L20.17b Dens (odontoid process), with damage along its posterior and anterolateral 

margins. It was not yet fused to the neural arches, nor inferiorly to the main 

portion of the corpus. Preserved height of dens: 11.4 mm.

C2 (Axis) L20.66 The left half of the neural arch, including most of the superior articular facet, 

a complete inferior articular facet, and all but a small posterior portion of the

lamina. The posterior root of the transverse process is also present. Preserved 

anteroposterior length: 28.6 mm.

C2 (Axis) L21.39 The right half of the neural arch, including a complete inferior articular facet

and all but a small posterior portion of the lamina. The posterior and anterior

roots of the transverse process are also present, defining the transverse 

foramen. Preserved anteroposterior length: 25.9 mm.

Cervical K18.13 Piece of a cervical vertebra preserving a complete right superior articular facet,

Vertebra most of the inferior articular facet (lacking what is perhaps its medial-most 

15%) and the anterior portion of the transverse process. Preserved 

anteroposterior dimension: 12.6 mm.
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Bone Side Number Preservation / Notes

VVeerrtteebbrraaee

Cervical L20.42b Piece representing most of the right lamina, a small portion of the left lamina, 

Vertebra and the base of the spinous process. Laminar height (right): 6.1 mm. 

Maximum dimension of the piece: 15.4 mm.

Cervical L20.55 Piece preserving the right pedicle of a lower cervical vertebra, with attached 

Vertebra posterolateral portion of the body, showing no fusion. Maximum dimension: 

15.0 mm.

Cervical L20.58a Piece consisting of the right lamina, partial right pedicle, superior and inferior 

Vertebra articular facets, and partial transverse process, perhaps of C3. Its lamina is 

complete, save for a small posterior portion at midline. Maximum preserved 

length: 21.3 mm.

Cervical L20.62 Piece preserving the left superior and inferior articular facets, left lamina, and 

Vertebra partial left pedicle of a cervical vertebra, likely C4. Maximum dimension of the 

piece: 21.1 mm.

Cervical L20.63 Piece preserving the left pedicle, anterior and posterior roots of the transverse 

Vertebra process, and small portions of the superior and inferior articular facets. 

Preserved maximum dimension (oblique breadth): 16.3 mm.

Cervical L20.69b Piece preserving a small superior portion (ca.50%) of the right superior 

Vertebra articular facet and the posterolateral wall of the transverse process (i.e., the 

posterior face of the transverse foramen). Maximum dimension: 11.9 mm.

Cervical L20.128b The left anterior one-fourth of a lower cervical vertebral body. Its posterior 

Vertebra margin is eroded away. Ventral body height: ca.10.3 mm.

Cervical L20.129b Small piece preserving the lateral half of the left superior and inferior articular 

Vertebra processes and the roots of the left transverse process. Maximum dimension of 

piece: 10.5 mm.

Cervical L20.177b Small piece preserving the left pedicle and superior articular facet, as well as 

Vertebra small portions of the inferior articular facet and body. Preserved mediolateral 

diameter: 13.0 mm.

Cervical L20.307 A badly eroded amorphous piece representing a vertebral centrum, most likely 

Vertebra? of a cervical vertebra based on its size. Maximum dimension: 15.0 mm.

Cervical L20.400c The anterior portion of the centrum, likely caudal to the vertebral element 

Vertebra represented by L20.400d. Portions of the attachment sites for the pedicles are 

preserved (the right is more complete than the left), indicating that the neural 

arch was not yet fused to the centrum. Ventral body height: 6.1 mm. 

Maximum dimension: 12.0 mm.

Cervical L20.400d Most of the centrum of a cervical vertebra. The posterolateral attachment site 

Vertebra for the right pedicle is preserved, and it indicates that the neural arches were 

not yet fused to the centrum. Median body height (right): 4.3 mm. 

Two fragments with maximum dimensions of 12.4 and 6.9 mm.

Cervical L20.615c Three fragments corresponding to a portion of a lower cervical vertebra, 

Vertebra including the slightly eroded right superior articular process, the right pedicle 

and the right one-quarter of the corpus. Preserved mediolateral length: 16.7 mm.

Cervical L21.19 Laminar piece of a cervical vertebra from screening. It preserves a small 

Vertebra portion of the right lamina. Preserved length: 10.1 mm.

Vertebra L20.69a Small piece preserving a partial pedicle and a small portion of posterolateral 

body of either a cervical or a thoracic vertebra. Maximum dimension: 11.1 mm.

T3 L20.478 Partial neural arch, including the left superior articular facet (which evinces 

trivial damage along its medial edge), the partial left pedicle, a virtually complete 

left lamina with damaged inferior articular facet, and a partial right lamina. The 

root of the left transverse process is also preserved. There is a superoinferior fissure

in the left inferior articular process. Maximum preserved dimension: 23.5 mm.
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Bone Side Number Preservation / Notes

VVeerrtteebbrraaee

T4 L20.479 Much of the neural arch of the vertebra, preserving the left superior articular 

facet, the root of the left transverse process, most of the left pedicle, a virtually 

complete left lamina (with a complete inferior articular facet) and a partial right

lamina, with the incomplete inferior articular process. Inferior maximum 

transverse diameter: 21.0 mm.

Superior portion of the right pedicle with the cranial half of the superior 

articular facet preserved. It retains only a small area of contact with the larger 

piece of T4. Superior articular facet breadth: ca.5.0 mm.

T5 L20.179a Partial neural arch including both superior articular facets (the right with a 

break running superomedial to inferolateral), most of the left pedicle and the 

cranial half of the left inferior articular process. The root of the left transverse 

process is also present. While the laminae are preserved, much of their 

external/posterior surface is comprised solely of matrix, and there is a large 

break in the right inferolateral lamina. Superior interfacet distance: 17.2 mm.

T5 L20.179b Somewhat distorted and crushed centrum, the caudal margin of which remains

adhered to T6, and whose dorsal margin is compacted into the neural arch of 

T6. A small portion of its anterior margin, complete with cranial and caudal 

lips, is evident anteriorly. Transverse diameter = ca.23.3 mm.

T6 L20.177 Badly damaged piece including a heavily eroded portion of the centrum that 

remains crushed into the centrum of T5 cranially and caudally into matrix and 

the neural arch of T7. The rest of T6’s centrum remains attached either to the 

vertebral end of left rib 6 or onto the piece including the centra of T7-L1. Also

preserved on this piece is the neural arch portion of the bone including two 

badly damaged laminae, the left superior articular facet (heavily damaged along 

its inferior margin), and left pedicle. The posteroinferior margin of the right 

pedicle is present, but the rest of it, if preserved, is hidden within matrix and 

the T5-T6 centra. Much of the dorsal cortical bone of the left lamina is missing,

and while that of the right lamina is present; it is broken into many small 

pieces held together by glue. Pedicle height (left): 5.9 mm.

T7 L20.176 Heavily damaged neural arch piece that remains adhered cranially to the 

centrum and neural arch of T6. Only fragments of its laminae remain. There 

is a posterolateral hole representing the root of the left transverse process. 

T7 L20.129 Left partial pedicle, base of the transverse process, and the superior and inferior

articular processes. Superior articular facet height: 5.2 mm.

T7 L20.176 Right superior articular facet and pedicle, most likely that of T7. Superior 

articular facet height: 5.1 mm.

Badly distorted centrum adhered to the centrum of T6 cranially and the 

centrum of T8 caudally. Only its right lateral side preserves cortical bone, and 

a small cranial portion of its centrum remains attached to left rib 6. Median 

body height (right): ca.6.8 mm.

T8 L20.175 Relatively complete, albeit distorted bone, including a crushed and 

inferolaterally deviated (to the left) centrum and two laminae. The centrum is 

adhered to the centra of T7 and T9. The roots of both transverse processes and 

the ventral-most portion of the spinous process are also preserved, as are the 

two superior articular facets. There is a superoinferior crack in the left lamina 

running from its caudal margin through the inferomedial corner of the left 

superior articular facet. The centrum is compressed into the neural arch; thus, 

if pedicles are present, they remain hidden. Superior maximum transverse 

diameter: 23.6 mm.
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T9 L20.174 Relatively complete, yet distorted bone. It is adhered cranially to T8 and 

caudally to T10. Its centrum is displaced such that its cranial face is oriented 

anterolaterally to the left. Posteriorly, there are two laminae separated from 

each other by a fissure located along midline. This fissure separates the 

two halves of the spinous process’s base, as well. Both transverse processes 

are preserved, except their tips, which may not have yet been ossified. 

Only the left superior articular facet is visible; the right is hidden beneath 

T8. The left pedicle is also evident. Superior articular facet height (left): 

5.1 mm.

T10 L20.173 T10 remains adhered cranially to T9 and caudally to T11. It is represented by 

a badly eroded body and a damaged posterior neural arch. The centrum’s 

superior face shows extensive erosion, and its right lateral margin has been 

badly damaged. The left lateral/anterior face remains, but it is heavily eroded. 

Posteriorly, two laminae are present, and are separated by a break in the 

median plane. The right lamina has extensive damage to its caudal margin. 

The left superior articular facet is visible, but it fades into matrix and is 

missing its superolateral border. The bases of the transverse processes are 

present. Inferior maximum transverse diameter: (22.3 mm).

T11 L20.172 Badly damaged centrum and partial neural arch. It remains adhered to T10 

above and T12 below. Its body is deviated inferiorly. Only its inferior margin is 

visible (its cranial margin is eroded and/or fades into the surrounding matrix). 

Posteriorly, there is a fissure in the right lamina that runs up through the 

superior articular process, the facet of which remains hidden with matrix. The 

left superior articular facet is damaged. The bases of both transverse processes 

are preserved, and the root of the spinous process is present. The left lamina is 

complete, but it evinces a small break along its lateral margin. The left pedicle 

is also preserved. Pedicle height (left): 5.1 mm.

T12 L20.171 Relatively complete, albeit distorted bone that remains adhered to T11 cranially 

and L1 caudally. The anterior portion of the centrum is present but is crushed 

into the neural arches. Also preserved are the pedicles, inferior and superior 

articular processes, and laminae. The inferior articular facets remain adhered 

to the superior articular facets of L1. The transverse processes are missing. 

Superior maximum transverse diameter: ca.23.8 mm.

Thoracic L20.69c Most of the right superior articular facet of a thoracic vertebra that is damaged 

Vertebra along its lateral margin. The superior margin of the pedicle is also present. 

Superior articular facet height: 5.6 mm.

L1 L20.170 Largely complete bone that remains adhered cranially to T12. Its centrum is 

crushed dorsally into the neural arch. Posteriorly, both pedicles and both 

laminae are preserved, as is the base of the spinous process. The inferior and 

superior articular facets are present, but the superior facets remain adhered to 

the inferior articular facets of T12. Both transverse processes are missing. 

Inferior maximum transverse diameter: ca.20.6 mm.

L2 L20.167 Virtually complete neural arch, including two pedicles (the right is more 

complete than the left), two laminae, and all superior and inferior articular 

processes. The root of the spinous process is present, but both transverse 

processes are missing. Inferior maximum transverse diameter: 23.0 mm.

Several small pieces of the centrum. All but one piece are extremely small 

and offer few clues as to their location. The largest piece preserves some of 

either the cranial or caudal surface as well as a section of the bone’s 

lateral/anterior face. Preserved maximum transverse dimension of the largest

piece: 19.5 mm.
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L3 L20.166 Complete neural arch, including laminae, pedicles, articular facets (superior 

and inferior), as well as the inferior bases of the transverse processes and the 

base of the spinous process. Inferior maximum transverse diameter: 27.2 mm.

The centrum of the vertebra, preserved in seven small pieces, all of which have 

at least some cortical bone remaining on them. Maximum transverse 

dimension of the largest piece: 13.8 mm.

L4 L20.163 Virtually complete neural arch that had not yet fused posteriorly and which 

remains adhered to the centrum of L5. Both pedicles and both laminae are 

present. All articular facets are preserved, although the left inferior articular 

facet is hidden behind the centrum of L5. Superior articular facet height (left): 

7.2 mm.

Most of the centrum of the vertebra. It preserves its caudal surface but has 

suffered heavy cranial damage. Maximum preserved breadth: 35.4 mm.

L5 L20.165 Complete left half of neural arch that was not yet fused posteriorly to the right. 

It evinces slight damage to the lateral margin of the superior articular process 

and is missing its transverse process. Superior articular facet height: 8.1 mm.

Nearly complete right half of neural arch not yet fused to the left. The medial-

most portion of its lamina is missing. The pedicle evinces heavy damage to its 

inferior margin, and some of the body remains on its anterosuperior margin. 

The transverse process is missing. Superior articular facet height: 7.7 mm.

Partial centrum that remains adhered to the laminae of L4. Its posterior face is 

either missing (right side) or crushed into the neural arch of L4 (left side). 

Ventral body height: ca.12.0 mm.

S1 L20.159 Relatively complete centrum and neural arch. It preserves both superior 

articular facets. Both laminae are preserved, but the right is missing its medial 

half, and both are compressed into the posterior body. It remains adhered to 

S2. S1 ventral height: ca.12.0 mm.

S1 L20.157 Largely complete right ala. Its inferior margin is eroded. Alar breadth: 18.4 mm.

S1 L20.162b Left ala. It is heavily eroded caudally, and lacks most of its iliac articular 

surface. Alar breadth: ca.18.6 mm.

S2 L20.160 Largely complete centrum and neural arch that remains attached to S1 above 

and S3 below. Its body is deviated such that its inferior surface faces anteriorly, 

and its left side is heavily eroded. The two laminae are joined dorsally. 

S2 ventral height: ca.11.3 mm.

S3 L20.161a Heavily damaged bone that remains attached cranially to S2. The laminae are 

preserved but are crushed into the posterior face of the body. Only the right 

superior articular facet is visible; the left disappears into matrix. S3 ventral 

height: 9.8 mm.

S4 L20.161b S4 is the cranial portion of a piece that includes S4 and S5. The segment’s 

body is represented by a fragmentary superior margin and about one-half 

(right) of its anterior face. Its laminae have been broken off, but most of the 

left is present and can be re-articulated with the segment. S4 ventral height: 

7.5 mm.

S5 L20.161c Very fragmentary bone; all that remains is a piece of cortical bone anteriorly 

that has a transverse diameter of 8.6 mm and a superoinferior diameter of 

5.5 mm. 
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Ribs right L20.339 The shafts of multiple right ribs that remain adhered together and are 

preserved en bloc. Emerging from this mass are four proximal ends which are 

identifiable as to number; these are described separately.

Rib 2 left L20.481 Very fragmentary bone. The rib is represented by a small, flat, mid-proximal 

piece likely beginning just distal to the iliocostalis line. Preserved length: 29.9 mm.

Rib 3 left L20.482 Proximal portion of the bone preserved to roughly midshaft. Most of the neck 

is preserved, but the head is missing. Preserved length: 63.2 mm.

Rib 4 left L20.483 Proximal portion of rib representing perhaps 60% of its original length. The 

head is missing, and there is heavy damage to the rib in the area of the angle. 

Preserved length: 82.5 mm.

Rib 5 left L20.484 Largely complete bone. It preserves a partial head and runs to a point just 

distal to the sternal end. The inferior margin is badly damaged in the region 

of the angle. Preserved length: 116.9 mm.

Rib 6 left L20.485 Largely complete rib representing perhaps seven-eighths of its original length. 

Proximally, part of the body of T6 (and T7) remains attached to it, such that it 

is difficult to discern where the rib begins and matrix/vertebra ends. Preserved 

length: 126 mm.

Rib 7 left L20.486 Fairly complete bone. It is missing its head, but preserves much of the neck, 

running from a point just proximal to the articular tubercle to a point that 

likely represents 60% or 70% of the shaft. Preserved length: 93 mm. 

Rib 8 right L20.339 Proximal portion of rib that disappears into the right rib mass. It preserves a 

portion of the neck, a damaged articular tubercle, and a small section of shaft. 

Preserved (exposed) length: 30.4 mm.

Rib 8 left L20.487 Virtually complete, albeit distorted rib. It is missing its proximal-most portion

(i.e., head and much of the neck) yet preserves its sternal end. However, heavy 

damage in the area of the angle makes the rib appear much straighter than it 

was in life. Preserved length: 147 mm.

Rib 9 right L20.339 Small proximal segment of the bone that disappears into the right rib mass. 

It has a very poorly preserved neck with extensive cranial damage and a 

damaged ovoid area corresponding to the articular tubercle. Preserved 

(exposed) length: 26.2 mm.

Rib 9 left L20.339 Heavily damaged bone that remains in matrix. It is represented by at least four 

pieces. The proximal-most piece is the largest (45.3 mm long). It preserves its 

cranial and ventral margins. The more distal pieces preserve only the internal 

surfaces of the rib’s external table. Preserved length (including all four pieces): 

108.4 mm.

Rib 10 right L20.339 Heavily damaged bone. It is represented by little more than a rectangular 

segment of bone that disappears into the right rib mass. It appears to be 

missing much of its proximal end, including the articular tubercle. Preserved 

(exposed) length: 20.0 mm.

Rib 10 left L20.339 A heavily damaged bone represented by at least four segments still retained in 

matrix. The proximal-most piece preserves its ventral and cranial margins, as 

does the distal-most piece. The other pieces, however, preserve only the 

internal surface of the rib’s external table. Preserved length (including all four 

pieces): 102.6 mm.

Rib 11 right L20.339 The most complete of the right ribs, this rib preserves most of its head, and 

appears to preserve much (perhaps as much as 80%) of its length — if a 

second, more distal, segment truly belongs to it. Like the other right ribs, it is 

preserved en bloc. Preserved (exposed) length, including second, more distal 

segment: ca.55.1 mm.
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Rib 11 left L20.339 This rib remains embedded in matrix, and it is represented by three small pieces.

The first, proximal-most, portion, is found on the large thoracic vertebral piece 

and is 3.3 mm in length. The proximal-most piece on the rib section (which does 

in fact articulate with the vertebral piece) is 9.9 mm in length. It is separated 

from the distal-most piece by a gap some 34.8 mm in length. The distal-most 

piece is lacking its internal table, but appears to preserve a point close to the 

distal end. Preserved length (all three pieces): 58.9 mm.

Rib left L20.339 Sternal end of rib. It may belong to rib 4. Preserved length: 27.9 mm.

Rib left L20.556a Sternal end of rib. It may belong to rib 6. Preserved length: 30.6 mm.

Rib — L20.556a Internal surface of the sternal end of a rib. Preserved length: 14.1 mm.

Upper Limb Remains

No trace of the right clavicle, scapula or humerus was discerned in excavation. The left

arm and hand bones were discovered disturbed in a burrow, and their identification is based

on morphology and, for the phalanges, size comparisons to the articulated right hand

remains.

Bone Side Number Preservation / Notes

SShhoouullddeerr

Clavicle left L20.125 Complete diaphysis. Proximally broken off obliquely proximoventral to 

distodorsal. The ventral surface has the ventral flare for the sternal end with 

the edge of the metaphyseal rugosity, but there is no evidence of the 

costoclavicular attachment. Distally it is complete with minor erosion across 

the acromial end. It retains the acromial metaphysis on the cranioventral 

corner. Maximum preserved length: 70.0 mm.

Scapula left L20.475 The axillary border is complete from below the infraglenoid tubercle to the 

superior flare for the M. teres major area. The M. infraspinatus/M. subscapularis

surface consists of fragments in semi-original articulation across most of the 

surface but without the vertebral border. Preserved height of the axillary border:

51.6 mm; preserved breadth: 50.0 mm.

Scapula left L20.476 Lateral spine with 19.3 mm of the lateral base plus the lateroinferior curve up 

to the acromion, with erosion to the dorsal margin. Maximum preserved 

breadth: 32.6 mm.

AArrmm

Humerus left L20.128a About two-thirds of the proximal epiphysis with cartilaginous and articular 

subchondral bone. Maximum preserved diameter: 16.3 mm.

Humerus left L20.124 Complete intermetaphyseal bone with trivial erosion to the dorsal head 

metaphysis margin and moderate erosion across the anterior half of the distal 

metaphysis. Maximum length: 142.6 mm.

Ulna right L20.169 Multiple shaft fragments, some mixed with those from the right radius.

L20.186

Ulna left L20.97a Complete intermetaphyseal bone with minor erosion to the volar coronoid 

process (especially medially) and to the dorsolateral head metaphyseal margin. 

Maximum length = 122.7 mm.
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Radius right L20.168 Multiple dorsal shaft fragments with one dorsal section. Maximum preserved 

length of section: 62.6 mm.

Radius right L20.122 Distal epiphysis with erosion on one edge. Maximum breadth: 10.8 mm.

Radius left L20.97b Complete diaphysis from the proximal flare for the head metaphysis to the 

complete distal metaphysis. Maximum preserved length: 104.5 mm.

HHaanndd

Capitate right L20.118 The proximal articular surface with portions of the ulnar, dorsal and palmar 

surfaces. Maximum preserved length: 10.0 mm.

Capitate left L20.364 Eroded piece with the proximal and dorsal (?) surfaces. Maximum preserved 

length: 10.3 mm.

Hamate right L20.110 Largely eroded trabecular core. Identification based on anatomical position. 

Maximum dimension: 6.9 mm.

Hamate(?) left L20.365 Eroded carpal bone. Maximum dimension: 8.8 mm.

Triquetral right L20.119 Eroded carpal bone, either the triquetral or the lunate. Maximum dimension: 

or Lunate 5.7 mm.

Lunate or right L20.120 Largely intact carpal bone, either the lunate or the triquetral. Maximum 

Triquetral dimension: 6.1 mm.

Triquetral left L20.366 Complete rounded carpal bone with facet. Maximum length: 6.1 mm.

or Lunate

Lunate or left? L20.556c Largely complete rounded carpal bone abraded at one end. Maximum 

Triquetral preserved length: 6.4 mm.

Metacarpal 1 left L20.97c Complete intermetaphyseal bone with a small hole on the palmar-ulnar head. 

Maximum length: 19.8 mm.

Metacarpal 2 left L20.97d Complete proximal half of the intermetaphyseal bone with the radial side of 

the distal half of the bone, plus the distal-radial-palmar metaphyseal corner. 

Maximum preserved length: 29.2 mm.

Metacarpal 3 right L20.123 Shaft fragments. Lengths: ≤ 14.1 mm.

Metacarpal 3 left L20.97e Complete intermetaphyseal bone with erosion to the dorsal head. Maximum 

length: 28.2 mm.

Metacarpal 4 right L20.121 Diaphysis in two large and many smaller fragments. Maximum lengths of 

large pieces: 23.2 and 21.0 mm.

Metacarpal 4 left L20.97f Complete intermetaphyseal bone. Maximum length: 25.7 mm.

Metacarpal 5 right L20.109 Diaphyseal tube with the proximal flare and the ulnar distal corner. Maximum 

preserved length: 22.8 mm.

Proximal right L20.117 Shaft with the ulnar head. Maximum preserved length: 13.4 mm.

Phalanx 1

Proximal left L20.97g Complete with abrasion to the ulnar palmar base corner. Maximum length: 

Phalanx 1 13.7 mm.

Proximal right L20.29 Complete with abrasion to the radial-palmar proximal edge. Maximum length: 

Phalanx 2 20.5 mm.

Proximal left L20.97h Complete intermetaphyseal bone. Maximum length: 20.9 mm.

Phalanx 2

Proximal right L20.70 Complete with abrasion to the palmar base margin. Maximum length: 

Phalanx 3 21.6 mm.
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Proximal left L20.97i Complete intermetaphyseal bone. Maximum length: 22.3 mm.

Phalanx 3

Proximal left L20.13 Complete with abrasion to the proximal dorsal radial margin. Maximum 

Phalanx 4 length: 19.6 mm.

Proximal right L20.108 Complete with damage to the base margins. Maximum length: 15.6 mm.

Phalanx 5

Proximal left L20.97j Complete intermetaphyseal bone. Maximum length: 15.6 mm.

Phalanx 5

Proximal left L20.321a Proximal epiphysis. Digit unknown.

Phalanx ?

Proximal left L20.367 Proximal epiphysis. Digit unknown.

Phalanx ?

Middle right L20.113 Complete intermetaphyseal bone. Maximum length: 10.9 mm.

Phalanx 2

Middle left L20.97j Complete intermetaphyseal bone. Maximum length: 10.6 mm.

Phalanx 2

Middle right L20.111a Intermetaphyseal bone, with the radial head. Maximum preserved length: 

Phalanx 3 13.1 mm.

Middle right L20.111b Proximal epiphysis.

Phalanx 3

Middle right L20.105a Complete intermetaphyseal bone. Maximum length: 13.8 mm.

Phalanx 4

Middle right L20.105b Proximal epiphysis.

Phalanx 4

Middle left L20.97k Complete with abrasion to the ulnar-palmar base corner. Maximum length:

Phalanx 4 13.7 mm.

Middle right L20.107 Complete intermetaphyseal bone. Maximum length: 9.1 mm.

Phalanx 5

Distal right L20.116 Complete with damage across the palmar base. Maximum preserved length: 

Phalanx 1 9.4 mm.

Distal left L20.97l Complete with damage to the ulnar base corner. Maximum length: 10.0 mm.

Phalanx 1

Distal right L20.115 Complete intermetaphyseal bone. Maximum length: 7.4 mm.

Phalanx 2

Distal right L20.114 Complete intermetaphyseal bone. Maximum length: 8.0 mm.

Phalanx 3

Distal right L20.112 Complete intermetaphyseal bone. Maximum length: 8.3 mm.

Phalanx 4

Distal left L20.321 Complete intermetaphyseal bone. Maximum length: 8.3 mm.

Phalanx 4

Distal right L20.106 Complete intermetaphyseal bone. Maximum length: 6.3 mm.

Phalanx 5

Distal left L20.556c Complete intermetaphyseal bone. Maximum length: 6.2 mm.

Phalanx 5
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Lower Limb Remains

The long bones and their preserved epiphyses and the right foot remains were almost

entirely (all except the right hallucal proximal phalanx and the lateral middle and distal

phalanges) in anatomical position in situ. The identification of the in situ displaced left pedal

remains is based on morphology and size comparisons to the right foot bones.

Bone Side Number Preservation / Notes

PPeellvviiss

Ilium right L20.155 Most of the pelvic surface of the iliac fossa with the superior auricular margin,

38 mm of the crest metaphysis posteriorly from the anterior superior iliac 

spine, and the rounding into the greater sciatic notch, plus ca.15 mm of 

external surface from the iliac crest. Maximum preserved height: 52.0; 

maximum preserved depth: 53.2 mm.

Ilium right L20.157a The dorsal inferior corner of the auricular surface and the opposite external 

surface bone. Maximum dimension: 29.9 mm.

Ilium left L20.162a The iliac fossa with the anterior inferior iliac spine, the acetabular metaphyseal 

surface, the superior and ventral auricular margins, the superior and auricular 

greater sciatic notch margins, and the middle of the fossa up to 6.8 mm of the 

crest. External surface only present by the anterior inferior iliac spine. 

Maximum preserved height: 59.0; maximum preserved depth: 51.0 mm.

Ilium left L20.162b External iliac surface up to 6.5 mm of the crest. Maximum preserved height: 

39.7 mm; maximum preserved depth: 24.1 mm.

Ischium right L20.180a Largely complete ischium with bone loss all along the dorsal margin, the 

inferior acetabular metaphysis, and the internal surface above the tuberosity. 

The inferior tuberosity surface is abraded. Maximum preserved height: 40.7 mm.

Ischium left L20.96 The external surface bone between the acetabulum and the tuberosity, plus 

most of the lateral acetabular subchondral bone up to the iliac surface. Eroded

dorsally and on the tuberosity. Maximum preserved height: 37.2 mm.

Pubis right L20.180b The complete superior ramus, a small section of the acetabular subchondral 

bone, the pubic tubercle and the superior symphyseal surface. Maximum 

preserved breadth: 30.0 mm.

LLeegg

Femur right L20.156 Proximal epiphysis, broken off on the superior (convex) surface. Maximum 

dimension: 20.2 mm.

Femur right L20.102a Largely complete intermetaphyseal bone. Proximally there is minor abrasion to 

the dorsal head metaphysis and the lesser trochanter metaphysis. The diaphysis

is complete to the popliteal area; the distal portion was reassembled from 15 

pieces and small pieces are missing anteromedially, medially and laterally. The 

distal metaphysis retains the lateral condylar and the anterior intercondylar 

surfaces, plus a small piece of the medial condylar surface. Maximum length: 

198.0 mm

Femur right L20.102b The distal epiphysis with the lateral condyle and the anterior third of the medial 

side. Maximum preserved breadth: 34.6 mm.

Femur right L20.102c A section of the dorsal medial condylar epiphysis. Maximum preserved breadth: 

18.3 mm.

Femur left L20.181 One-half to two-thirds of the head epiphysis, with proximal and distal surfaces. 

Maximum dimension: 15.1 mm.
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Femur left L20.103a Largely intact intermetaphyseal bone. The head metaphysis preserves its dorsal

L20.183 and medial three-quarters (L20.183), and the neck retains the dorsal, superior 

and most of the anterior surfaces. The trochanters have erosion from the 

superior greater trochanter to the lesser trochanter. The proximal half of the 

diaphysis is intact, but the distal half was assembled from numerous small 

pieces and lacks much of the posteromedial surface. The distal metaphysis has 

largely complete medial and lateral condylar surfaces with a more secure 

contact with the diaphysis on the medial side. The intercondylar metaphysis is 

largely absent. Maximum length: 199.0 mm

Femur left L20.103b Complete distal epiphysis with loss of the medial anterior corner. Maximum 

breadth: 40.6 mm.

Patellae No trace of them was noted in the field or laboratory - they almost certainly had

either not commenced ossification or were represented by small fragments of 

trabecular bone only.

Tibia right L20.212a The bone consists of a tubular mid diaphysis ca.75 mm long with the proximal 

and distal ends reassembled from numerous pieces. The proximal metaphysis 

retains the dorsal ca.12 mm plus the posterolateral corner, joining to the 

diaphysis laterally and posterolaterally. The flat beveled surface for the 

tuberosity region extends proximally from the anterior crest. The proximal third 

of the diaphysis lacks the medioposterior corner. The distal shaft is largely 

complete to the metaphyseal flare. The distal end retains the medioposterior 

third of the metaphyseal surface, with a 6.6 mm join to the posteromedial 

diaphysis. Maximum preserved length: 154.7 mm.

Tibia right L20.212b The distal epiphysis with the full breadth of the piece and the full depth at one 

end, with erosion of the posterior edge and the anteromedial corner. Maximum 

breadth: 23.7 mm.

Tibia left L20.196 The proximal epiphysis with the full breadth preserved but with posterior and 

especially anterior erosion and lacking the middle and mid-lateral articular 

surface. Maximum breadth: 28.2 mm.

Tibia left L20.90a Essentially complete intermetaphyseal piece. Proximally there is surface 

abrasion along the posteromedial condylar metaphysis. Distally there is bone 

loss across the anterior flare, and the metaphysis lacks its anterior, anteromedial

and lateral margins. Maximum length: 157.0 mm

Tibia left L20.90b The distal epiphysis, complete except for the anteromedial corner. Maximum 

breadth: 23.2 mm.

Fibula right L20.197a The intermetaphyseal bone complete for 44.3 mm proximally and 72.5 mm 

distally, but it retains only the lateral and posterolateral surfaces for the 

intervening section. Maximum length: 153.7 mm.

Fibula right L20.197b One-half to one-third of the distal epiphysis with three surfaces preserved. 

Maximum thickness: 8.1 mm.

Fibula left L20.98a The complete intermetaphyseal bone, except for the anteromedial half of the 

proximal metaphysis and adjacent flare. Maximum length: 155.8 mm.

Fibula left L20.98b The complete distal epiphysis. Maximum height: 8.2 mm.

FFoooott

Talus right L20.198a Largely complete bone with erosion all along the medial side and the plantar 

head. Maximum preserved length: 28.0 mm.
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Bone Side Number Preservation / Notes

FFoooott

Talus left L20.95a The lateral malleolar surface, posterolateral three-quarters of the trochlea, the

posterolateral trochlear margin, all of the posterior calcaneal surface except the 

medial margin, and a posterior portion of the sulcus tali. Maximum preserved 

height: 15.1 mm.

Talus left L20.95b The dorsal neck without the head or trochlear margins. Maximum preserved 

breadth: 13.0 mm.

Talus left L20.95c The sulcus tali surface with the posterior margin of the anterior calcaneal facet.

Maximum preserved length: 18.0 mm.

Calcaneus right L20.198b A largely present bone with erosion to the dorsal and lateral body, loss of the 

medial posterior talar facet, loss of most of the sustentaculum tali, absence of 

the plantar cuboid facet, cracks and erosion across the tuberosity, and crushing 

of the plantar surface upwards into the body trabeculae. Maximum preserved 

length: 38.0 mm.

Calcaneus left L20.95d Most of the bone is present, reassembled from several pieces, but all of the 

margins are damaged and there are small gaps between the plantar surface 

and the lateral body. Maximum preserved length: 37.9 mm.

Navicular right L20.88 Lateral third of the bone with the talar, cuneiform and cuboid facet areas. 

Maximum preserved height: 11.0 mm.

Medial right L20.89 Complete bone with erosion to the plantar two-thirds of the lateral surface. 

Cuneiform Maximum height: 10.9 mm.

Intermedial right L20.87 Dorsal body. Maximum length: 9.0 mm.

Cuneiform

Lateral right L20.85 Complete dorsal two-thirds of the body. Maximum length: 13.2 mm.

Cuneiform

Cuboid right L20.86 Dorsal bone with the dorsal surface and the dorsal portions of the lateral 

cuneiform, calcaneal, metatarsal 4 and possibly metatarsal 5 surfaces. 

Maximum length: 17.1 mm.

Metatarsal 1 right L20.83 Complete proximal epiphysis. Maximum diameter: 10.7 mm.

Metatarsal 1 right L20.207a Complete intermetaphyseal bone with minor erosion on the proximal 

metaphyseal margins and the lateral head margin. Maximum length: 28.3 mm.

Metatarsal 1 left L20.195 Complete intermetaphyseal bone with erosion around the dorsal base margin. 

Maximum length: 28.4 mm.

Metatarsal 2 right L20.211 Diaphysis with dorsal margin abrasion to the head metaphysis. Maximum 

length: 31.6 mm

Metatarsal 2 left L20.26a Complete intermetaphyseal bone, with slight proximolateroplantar edge 

erosion. Maximum length: 31.5 mm.

Metatarsal 3 right L20.202 Complete intermetaphyseal bone with the absence of the plantar base corner 

and a hole in the plantar half of the head metaphysis. Maximum length: 31.5 mm.

Metatarsal 3 left L20.26b Complete intermetaphyseal bone. Maximum length: 31.8 mm.

Metatarsal 4 right L20.200 Complete intermetaphyseal bone with abrasion to the medioplantar base and 

the medial head metaphysis margin. Maximum length: 30.3 mm.

Metatarsal 4 left L20.26c Complete intermetaphyseal bone with trivial plantar, medial and lateral head 

metaphysis abrasion. Maximum length: 30.2 mm.

Metatarsal 5 right L20.203 Complete intermetaphyseal bone. Maximum length: 28.2 mm.
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Bone Side Number Preservation / Notes

FFoooott

Proximal right L20.27b Complete proximal epiphysis. Maximum diameter: 8.0 mm.

Phalanx 1

Proximal right L20.27a Complete intermetaphyseal bone. Side based on right (= lateral) rounding of 

Phalanx 1 distal subchondral bone. Maximum length: 13.5 mm.

Proximal left L20.67 Complete intermetaphyseal bone with erosion on the left proximoplantar 

Phalanx 1 (lateral) metaphysis. Side based on left (= lateral) rounding of distal subchondral 

bone. Maximum length: 13.6 mm.

Proximal right L20.208a Complete proximal epiphysis. Maximum diameter: 4.6 mm.

Phalanx 2

Proximal right L20.208b Complete intermetaphyseal bone. Maximum length: 12.7 mm.

Phalanx 2

Proximal left L20.41 Complete intermetaphyseal bone. Maximum length: 12.8 mm.

Phalanx 2

Proximal right L20.209 Complete proximal epiphysis. Maximum diameter: 4.0 mm.

Phalanx 3

Proximal right L20.201 Complete intermetaphyseal bone. Maximum length: 12.0 mm.

Phalanx 3

Proximal left L20.39 Complete intermetaphyseal bone with slight proximoplantar metaphyseal 

Phalanx 3 edge erosion. Maximum length: 12.0 mm.

Proximal right L20.204a Complete proximal epiphysis. Maximum diameter: 3.8 mm.

Phalanx 4

Proximal right L20.204b Complete intermetaphyseal bone. Maximum length: 11.5 mm.

Phalanx 4

Proximal right L20.205 Complete proximal epiphysis. Maximum diameter: 4.4 mm.

Phalanx 5

Proximal right L20.210 Complete intermetaphyseal bone. Maximum length: 9.3 mm.

Phalanx 5

Proximal left L20.100 Complete intermetaphyseal bone. Maximum length: 9.3 mm.

Phalanx 5

Middle right L20.79 Complete intermetaphyseal bone. Maximum length: 5.1 mm.

Phalanx 2/3

Middle right L20.81 Complete intermetaphyseal bone. Maximum length: 3.8 mm.

Phalanx 4/5

Middle right L20.84 Complete proximal epiphysis. Possibly associated with L20.79 based on 

Phalanx ?? maximum diameter (4.4 mm).

Distal right L20.80a Complete proximal epiphysis. Maximum breadth: 8.0 mm.

Phalanx 1

Distal right L20.80b Complete intermetaphyseal bone. Maximum length: 10.8 mm.

Phalanx 1

Middle or right L20.82 Eroded base without the shaft or the distal end. Maximum preserved length: 

Distal 3.0 mm.

Phalanx 2-5
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chapter 14 | The Dental Age-at-Death 
❚ SIMON W. HILLSON ❚ 

Six approaches are possible for estimating the age-at-death of Lagar Velho 1 from the

teeth. Three of these involve matching the dental development with standard charts – those

of Schour and Massler (1941), Ubelaker (1978) and Gustafson and Koch (1974). Where they

have been tested, these all seem to yield sensible results (Liversidge, 1994). The fourth

involves the application of age limits determined by Smith (1991) from the study of

Moorrees et al. (1963) to developmental stages recorded for each tooth. The fifth is

Liversidge and Molleson’s (1999) method based upon measurements of crown heights. The

last is presented in Chapter 31 (since it relates in part to dental formation defects) and

involves perikymata counts on the well-preserved upper right canine.

None of the stages illustrated on the Schour and Massler and Ubelaker charts matches

the Lagar Velho 1 dentition exactly. The closest match, however, for the Schour and Massler

chart is their 5 years (± 9 months) stage (Fig. 14-1). In the Ubelaker chart (Fig. 14-2) the clos-

est match lies between the 4 years (± 12 months) and 5 years (± 16 months) stages. The

Gustafson and Koch chart requires a different approach, one of matching the best fitting line

to a series of bars representing the development of each tooth (Fig. 14-3). The best match is

squarely between 4 and 5 years. In the Smith (1991) method, upper teeth and lower incisors

are not included, because the radiograph projections used in the Moorrees et al. (1963) study

did not show them. It was, however, possible to assign developmental stages to the lower

premolars and molars (Table 14-1). The mean of the age estimates based on these teeth is

4.7 years.

Table 14-1
State of tooth formation of Lagar Velho 1

Permanent tooth Development stage (Moorrees et al., 1963) Estimated age (Smith, 1991) in years

Upper 1st incisor Over Cr.3/4 and almost Cr.C –

Upper 2nd incisor Just over Cr.3/4 –

Lower 2nd incisor Over Cr.3/4 and almost Cr.C –

Upper canine Just over Cr.1/2 –

Lower canine Cr.3/4 –

Upper 1st premolar Cr.1/2 –

Upper 2nd premolar Just less than Cr.1/2 –

Lower 1st premolar Cr.1/2 4.1

Lower 2nd premolar Just less than Cr.1/2 5.0

Upper 1st molar Cli –

Upper 2nd molar COC –

Lower 1st molar R.1/4 4.9

Lower 2nd molar COC 4.9
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FIG. 14-1 – Comparison of the degree of development of the Lagar Velho 1 teeth to the Schour and Massler (1941) dental

development chart.

FIG. 14-2 – Comparison of the degree of development of the Lagar Velho 1 teeth to the Ubelaker (1978) dental development chart. 
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For the Liversidge and Molleson (1999) method, the height of the tooth was measured

with a pair of calipers from the developing edge of the crown or root to the highest cusp

tip. One jaw of the calipers was laid carefully across the developing edge so that it touched

two opposite sides of it, and the measurement was therefore perpendicular to this. Ages

were calculated for each tooth, using the regression formulae developed by Liversidge and

Molleson using the known age children from Christchurch, Spitalfields in London (Table

14-2). The mean age estimate for the upper teeth was 4.97 years and, for the lower teeth,

5.13 years.

Table 14-2.
Estimates of age from crown heights

Upper right 2nd molar 1st molar 2nd premolar 1st premolar Canine 2nd incisor 1st incisor

Crown height (mm) 4 11.1 4.5 6.8 8.7 8.9 11.4

bo 0.1198 0.1258 2.2326 1.614 0.0644 -0.4486 1.0627

b1 1.6049 -0.1992 0.5604 0.5355 0.253 0.652 -0.5654

b2 -0.1141 0.1297 0 0 -0.0061 -0.008 0.1518

b3 0.00341 -0.00832 0 0 0.00962 0 -0.00765

b4 0 0.00017 0 0 -0.000724 0 0.00012

b5 0 0 0 0 0.0000147 0 0

Age in years 4.93204 5.097047 4.7544 5.2554 4.7234899 4.72052 5.038009

FIG. 14-3 – Comparison of the degree of development of the Lagar Velho 1 teeth to the Gustafson and Koch (1974) dental

development chart.
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Table 14-2. [cont.]
Upper left 2nd molar 1st molar 2nd premolar 1st premolar Canine 2nd incisor 1st incisor

Crown height (mm) 4.1 6.3 8.9 8.6 11.4

bo 0.1198 1.614 0.0644 -0.4486 1.0627

b1 1.6049 0.5355 0.253 0.652 -0.5654

b2 -0.1141 0 -0.0061 -0.008 0.1518

b3 0.00341 0 0.00962 0 -0.00765

b4 0 0 -0.000724 0 0.00012

b5 0 0 0.0000147 0 0

Age in years 5.01689 4.98765 4.8930393 4.56692 5.038009

Lower right 2nd molar 1st molar 2nd premolar 1st premolar Canine 2nd incisor 1st incisor

Crown height (mm) 4.4 5.8 9 10

bo 0.1198 1.614 0.0644 1.6016

b1 1.6049 0.5355 0.253 -0.8697

b2 -0.1141 0 -0.0061 0.2249

b3 0.00341 0 0.00962 -0.01285

b4 0 0 -0.000724 0.000233

b5 0 0 0.0000147 0

Age in years 5.262861 4.7199 4.9781363 4.8746

Lower left 2nd molar 1st molar 2nd premolar 1st premolar Canine 2nd incisor 1st incisor

Crown height (mm) 4.4 12.2

bo 0.1198 0.1258

b1 1.6049 -0.1992

b2 -0.1141 0.1297

b3 0.00341 -0.00832

b4 0 0.00017

b5 0 0

Age in years 5.262861 5.658321

Method described in Liversidge and Molleson (1999).

y = b0 + b1x + b2x2 + b3x3 + b4x4 + b5x5

where y = age in years, and x = developing crown and root height in mm

The age estimation using the maxillary canine crown perikymata count with assump-

tions as to the average perikymata formation rate and age of first perikymata formation pro-

vides an age between 4.4 and 4.7 years postnatal (see Chapter 31).

In conclusion, the dental development at death was equivalent to between 4 and 5 years

in terms of the development of modern children. Within this range it would probably have

been closer to 5 years than to 4 years. It is not clear that any standard based on recent chil-

dren is necessarily appropriate for a 25 000-year-old child but, of the recent standards, the

Liversidge and Molleson (1999) may well be most appropriate. Firstly, it was based on direct

measurements of dissected out teeth, whereas all of the others are based on radiographs.

Secondly, the Spitalfields collection represents sick children who died, like Lagar Velho 1,

rather than the healthy living children of radiographic studies.
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chapter 15 | The Skeletal Age-at-Death 
❚ ERIK TRINKAUS ❚ TRENTON W. HOLLIDAY ❚ JAROSLAV BRU

0

ŽEK ❚ 

The assessment of the age-at-death of Lagar Velho 1 is based largely on the assessment

of the degree of calcification of the dentition (Chapter 14). As noted and summarized by

Tompkins (1991), the dentition follows a more regular schedule of formation than do most

skeletal elements, and the development of the dentition is less susceptible to environmental

perturbations. In addition, detailed formation sequences (e.g., Moorrees et al., 1963; De-

mirjian et al., 1973) exist for the crowns and roots, and there is an abundance of recent human

data on absolute (relative to age) and relative (relative to other teeth in the dentition) dental

formation for recent humans (Hillson, 1996; Tompkins, 1996a, and references therein).

Moreover, it has been shown that the relative formation patterns of the dentition in Late

Pleistocene archaic and modern humans are well within the documented ranges of variation

of recent humans (Tompkins, 1996b).

In contrast, most assessments of skeletal development are concerned with the appear-

ance and fusion of epiphyses, the appearance of carpal bones, and the fusion of sutures and

synchondroses (cf., Scheuer and Black, 2000). Although standards exist for a variety of

regional portions of the anatomy [e.g., the hand (Greulich and Pyle, 1959)] for a limited

range of modern human populations, and there is a growing body of data on a few detailed

regions of the skeleton [especially for cranial base synchondroses (e.g., Redfield, 1970)], the

data that are available usually permit only the assessment of skeletal age in prehistoric

remains from the presence or absence of fusion. This is especially so, since the preservation

of epiphyses is usually incomplete and absence of evidence of ossification of an epiphyseal

center is not necessarily evidence of absence of the epiphysis’s ossification.

Consequently, this chapter will take as a given the dental age assessment, based on the

largely complete mixed dentition (Chapter 14), of death during the fifth year postnatal. The

various indicators of chronological age in the skeleton will then be assessed with respect to

their developmental status relative to existing recent human standards and documented

ranges of variation (mostly, but not entirely, based on European or European-derived popu-

lations). The focus is therefore on the goodness-of-fit, or non-fit, of the skeletal age indica-

tors of Lagar Velho 1 relative to these reference data. This approach is done according to the

regional anatomy initially, with an overall assessment at the end.

Some of the comments here are also included in the chapters detailing the morpholo-

gy of the skeletal remains, since the morphological assessments of the skeletal elements also

require taking the developmental status of Lagar Velho 1 into account.

The Cranium

The sutures of the cranial vault are all fully formed with close interdigitations between

the adjacent bones. There may have been some minor separation between the two parietal

bones along the mid-sagittal suture, but postmortem damage to the digitations precludes

determination of the original degree of tightness along the suture. There is no trace of any of



the fontanelles. The metopic suture, along the frontal midline preserved (from supraglabel-

lare to close to bregma), is completely fused and obliterated. It is normally fused during the

first year postnatal, but it may continue to fuse during the first four years postnatal.

The temporal bone exhibits the fusion of the elements normally fused during first few

years postnatal, including the fusion and obliteration of the squamomastoid suture and the

fusion of the anterior tympanic to the squamous portion. The foramen of Huschke, or tym-

panic dehiscence, on the tympanic bone presents a large opening that has full bridging across

the lateral portion of the tympanic. As with several Neandertal immature crania, the degree of

closure of the foramen of Lagar Velho 1 is delayed relative to a recent Japanese sample (Dodo

et al., 1998); the early modern humans providing data on closure of the foramen of Huschke,

Mladeč 3 (ca.3 years) and Pataud 3 (ca.7 years), both show complete obliteration of the foramen.

However, studies of recent humans scoring the foramen as present or absent (Coqueugniot,

1999; Humphrey, pers. comm.) note frequencies greater than 50% for children in the approx-

imate age range of Lagar Velho 1, but the degree of closure was not scored in those samples.

The occipital bone exhibits a partially fused synchondrosis at the posterior foramen

magnum (the sutura intraoccipitalis posterior), having been fused along its inferior surface

but open endocranially. This synchondrosis normally fuses between about 3 and 5 years of

age, being usually completely fused by age 6 (Redfield, 1970; Scheuer and Black, 2000); the

partially fused status of it on Lagar Velho 1 is therefore within expectations. In addition, the

synchondroses between the lateral and basilar portions of the occipital bone (the sutura
intraoccipitalis anterior) are completely open. These synchondroses usually are completely

fused by about 5 to 7 years postnatal, but partial fusion can begin earlier (Redfield, 1970;

Scheuer and Black, 2000). Since the Lagar Velho 1 ones show no signs of fusion, they are

either slightly delayed or, more likely, within the expected range of variation. The sphe-

nooccipital synchondrosis is, as expected, completely open.

As in recent human children 4 to 6 years postnatal, and unlike most Neandertal juve-

niles (Maureille and Bar, 1999), Lagar Velho 1 shows complete fusion of the premaxillary

suture along the internal nasal wall (see Chapter 20).

The Mandible

The mandibular symphysis is completely fused along most of its course. There is a small

section between the di1 alveoli where the fusion line is represented by a slight fissure. The sym-

physis is normally described as becoming fused during the first year postnatal (Molleson and

Cox, 1993; Scheuer and Black, 2000), and no systematic data are available on the persistence

of a small fissure superiorly. However, we have observed such fissures on recent juvenile

human mandibles, suggesting that it is not unusual to have some persistence of this feature.

The remainder of the age-related features of the mandible are either directly associated

with the state of calcification and eruption of the dentition or relate to general overall growth

of the bone. All of them are commensurate with the early juvenile age of the skeleton.

The Axial Skeleton

Ossification (or lack of ossification) of the synchondroses of the Lagar Velho 1 vertebrae

provides several clues as to the skeletal developmental age of the individual. For example,

the left and right posterior arches of C1 (atlas) had not yet fused, a process that normally
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begins in the fourth or fifth year postnatal (Scheuer and Black, 2000). While the anterior

arch of C1 was not recovered, it also appears that the “neurocentral” synchondroses associ-

ated with it were not yet ossified; these are said to close during the sixth year postnatal at the

earliest (Scheuer and Black, 2000). On C2 (axis), the centrum had yet to fuse with the dens,

a process that normally occurs between the ages of 4 to 6 years (Scheuer and Black, 2000).

The posterior face of the dens evinces an intradental sulcus, a feature said to persist until at

least 3 to 4 years of age. As with C1, the posterior synchondrosis of C2 remains unossified;

this fusion of the two laminae is said to commence around ages 3 to 4 years postnatal.

Likewise, the dentoneural synchondroses had not yet fused; this is also said to occur typi-

cally around age 3 to 4 years postnatal. Yet another cervical piece of unknown vertebral num-

ber, L20.400d, preserves beveled neurocentral junctions, indicative of an unossified state.

The neurocentral synchondroses of more typical (i.e., C3 to C7) cervical vertebrae are also

said to fuse around ages 3 to 4 years (Scheuer and Black, 2000). There is, however, evidence

for ossification of the posterior synchondroses in more caudal cervical vertebrae; one cervi-

cal vertebral laminar piece that spans midline (L20.42b) clearly indicates that the two lami-

nae had fused. Fusion of posterior synchondroses in middle and lower cervical vertebrae is

said to occur typically around year 2 postnatal.

Due to the state of preservation of the thoracic and lumbar vertebrae, it is impossible to

assess whether their neurocentral synchondroses were ossified. However, the posterior syn-

chondroses of these vertebrae yield an interesting pattern. Of the thoracic vertebrae, those

which do preserve relatively complete neural arches (T3, T4, T5, T6, T8, T11 and T12) clear-

ly evince laminar fusion. These posterior synchondroses are among the earliest to ossify,

commencing fusion in the latter part of the first postnatal year (Scheuer and Black, 2000).

The posterior synchondroses of the Lagar Velho 1 lumbar vertebrae, unlike the thoracic ver-

tebrae, show a mixed pattern of fusion. Lumbar vertebrae 1, 2 and 3 all have fully ossified

posterior synchondroses. Normally, laminar fusion in the upper lumbar vertebrae com-

mences late in the first year of postnatal life (Scheuer and Black, 2000). The neural arches

of L4 and L5, however, are incompletely fused at their dorsal margins. These synchondros-

es are not expected to ossify until age 5, and L5 posterior fusion can occur as late as the end

of the fifth year postnatal (Scheuer and Black, 2000).

In the sacral elements, the lateral/costal elements (i.e., alae) of S1 were not yet fused

to the centrum or the neural arch. Neurocostal fusion is expected sometime between the

ages of 2 to 5, while costocentral and neurocentral fusion follows sometime later (ages 2

to 6) (Scheuer and Black, 2000). Posterior synchondroses of the sacral elements are

among the last to ossify. Ossification of these lines of fusion begins around ages 6 to 8,

and the synchondroses may persist well into puberty (Scheuer and Black, 2000). In this

regard, neither the S1 or S2 posterior synchondrosis had fused in the Lagar Velho 1 indi-

vidual.

Ribs have been argued to be of little use in aging skeletons (Stevenson, 1924). At least

part of the problem with skeletal aging using ribs involves the fact that their epiphyses are

among the smallest and least easily identified in the body (Scheuer and Black, 2000). These

secondary centers of ossification were unlikely to have been present in Lagar Velho 1, since

they are said to appear in early puberty (Scheuer and Black, 2000). In fact, the only age indi-

cator evident in the Lagar Velho 1 ribs is the fact that some of the more complete ribs (left

ribs 4, 5, and 7) evince torsion along their long axes. Due to human thoracic shape, and

developmental declination of the ribs, torsion is expected to be present in all human ribs

except ribs 1, 2, 11, and 12 by the end of the second or third year of life postnatal (Scheuer

and Black, 2000).

248

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT



The Upper Limb

The clavicle and scapula, as preserved, are generally compatible with the size and mor-

phology expected in juvenile shoulder remains. There are no clavicular epiphyses that form

during the juvenile years (the proximal one forming in early adolescence), and the absence

of the sternal metaphysis prevents knowing its age-related configuration. Since the scapula

lacks its glenoid fossa and coracoid attachment area, their developmental status is unknown.

The proximal humeral epiphysis retains a largely complete capitular portion but does

not exhibit any clear evidence of fusion of the greater tubercle epiphyseal center onto the

capitular ones. It is possible that this is due to the minor abrasion of one margin of the capit-

ular epiphysis. The two portions do occasionally begin fusion by three years of age, but more

frequently the fusion takes place between 5 and 7 years of age (Scheuer and Black, 2000).

The status of the Lagar Velho 1 proximal humeral epiphysis is therefore likely within normal

recent human ranges of variation for its dental age. Nothing remains of the distal epiphysis.

Both metaphyses indicate that the beginnings of epiphyseal fusion were well in the future,

as is normal.

The left ulna is a complete intermetaphyseal bone, but no trace of either epiphysis was

found. This is to be expected, since the proximal epiphysis usually does not ossify until about

8 years postnatal and the distal one rarely forms before about 5 years of age (Greulich and

Pyle, 1959; Scheuer and Black, 2000). The metaphyseal surfaces are well formed. There is

no evidence of the proximal radial metaphysis (due to damage) or epiphysis (probably due

to its usual formation after about 4 to 5 years of age, plus in situ disturbance of the left cubital

region). The distal radial metaphysis is well formed, and there is a clearly formed, laterally

thickened, distal radial epiphysis preserved with the right hand remains.

The hand remains preserve at least one of each of the metacarpals and proximal, mid-

dle and distal phalanges, plus four phalangeal epiphyses (two proximal and two middle). The

proximal metacarpal 1 metaphysis is flat, the distal metacarpal 2 to 5 metaphyses are slight-

ly cupped (or concave), and the phalangeal proximal metaphyses are largely flat. These meta-

physeal surfaces and the flat, disk-like form of the phalangeal epiphyses are all similar to

what is expected for recent human early juvenile (3 to 6 year old) hand remains (Greulich

and Pyle, 1959). There are four right and three left carpal bones preserved. Based on relative

size and morphology, and the expected pattern of ossification of these bones in juveniles

(Greulich and Pyle, 1959), the larger ones can be identified as the capitate and hamate,

whereas the smaller ones are the triquetral or lunate. There is no trace of the very small cen-

ter of the trapezium, which may well have not survived. The Lagar Velho 1 carpal sizes and

forms are fully compatible with 4 to 5 year old standards for human hand development.

The Pelvis

On each side, the pelvis of Lagar Velho 1 is represented by the separated pubis, ischi-

um and ilium. There is not the slightest trace of the beginning of their synostosis, and the

triradiate cartilage was clearly fully present between the three elements on each side. Note

that the synostosis of the three elements begins in their medial and lateral portions first, and

that the full closure corresponds in living children with the beginning of the prepubescent

acceleration of growth (Vital et al., 1989). The complete ossification of the acetabulum nor-

mally takes place between 11 and 13 years in males and slightly earlier in females (Weiner et

al., 1993). It coincides with the beginning of puberty, as noted long ago by Gegenbaur
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(1889), and it is close to menarche in females. Evidently, Lagar Velho 1 died long before

puberty and the associated growth acceleration.

The fusion of the ischiopubic ramus takes place before the acetabular fusion and

extends over several years. Currently, it normally takes place between 4 and 8 years (Birkner,

1980), but authors in the early twentieth century noted an older age for its fusion, between

10 and 12 years (Testut and Latarjet, 1927). This difference probably reflects secular trends

in skeletal maturation. More detailed data on this synostosis (Omel’chenko and

Sukhomlinova, 1976) indicate that its complete lack of fusion never extends beyond 10

years, and in only 6% of the observed cases is it present before 4 years. The complete open-

ing of this synostosis in Lagar Velho 1 therefore supports an earlier juvenile age for it.

Nonetheless, it is possible to refine this assessment on the basis of the development

and dimensions of the iliac, pubic and ischial articular surfaces (Scheuer and Black, 2000).

Unfortunately, the incomplete preservation of the articular surfaces limits the assessments

to some extent. The development of the articular subchondral relief indicates an age less

than or similar to 5 years, whereas the articular dimensions indicate an age relative to recent

children of less than 6 years.

Comparisons of overall dimensions of the pelvic bones with the data of Florkowski and

Kozlowski (1994) from a Polish High Middle Ages sample places Lagar Velho 1 near the

“upper normal limit” of their children between 4 and 6 years (see Chapter 28). There is no

trace of the various secondary centers of ossification.

These considerations of the Lagar Velho 1 pelvis bones therefore indicate an age in the

vicinity of 4 years.

The Lower Limb

The lower limb bones exhibit well-formed diaphyses, metaphyses and variably devel-

oped epiphyses. Most of the epiphyses are normal for an age in the fifth year postnatal,

although a couple of them appear to be moderately delayed relative to the dental develop-

ment.

The femoral head capitular epiphyses, which are slightly less than hemispherical and

show no sign of a fossa for the capitular fovea, are as is to be expected for child of its age.

There was no trace of the greater trochanter epiphysis, which normally begins ossification

between 2 and 5 years; it may have been very small and not recovered, but it is unlikely to

have started ossification much before death and escaped bilateral recognition. It is not clear

when the capitular and trochanteric metaphyseal surfaces become completely separated, as

they had not yet done in Lagar Velho 1.

The proximal surface of the more complete left condylar epiphysis is modestly concave

above the condyles and has a raised intercondylar area. There is no evidence of a concavity

for the patellar surface on the left side, but there is a hint of one on the right. The condylar

surfaces are evenly bulbous with a clear intercondylar sulcus distally and, especially, dorsal-

ly. All of these features are similar to what would be seen in a distal femoral epiphysis

between ca.3 to 5 years of age. The epiphysis normally does not reach the same breadth as

the distal metaphysis until ca.7 to 9 years of age, and in Lagar Velho 1 the left epiphysis is

94.9% of its metaphysis.

There was no trace of the patellae in situ, and careful inspection was made in the knee

regions to assure that they were not present. Since the patella normally begins ossification

between 2 and 6 years postnatal (Scheuer and Black, 2000), it is likely that they either had
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not yet ossified or were just beginning to form and therefore sufficiently fragile as to not pre-

serve as recognizable bone.

The proximal epiphysis of the tibia is an undulating but largely flat bony element, clear-

ly present but with few features. There is a slightly raised posterocentral region to fit with

the metaphysis. In this, it conforms to the general description for 4 to 5 year old proximal

epiphyses (Scheuer and Black, 2000). There is no trace of the tibial tuberosity epiphysis, as

is to be expected in an early juvenile. The distal epiphyses are slightly concave proximally

and slightly convex distally, and they are modestly thicker medially. In this, they resemble

recent human early juvenile distal tibial epiphyses.

No trace of the proximal fibular epiphyses was evident in situ. Since the proximal epi-

physis does not normally begin ossification until 3 to 5 years postnatal (Scheuer and Black,

2000), if it was present it was represented only by tiny spicules of bone not readily recov-

ered archeologically. The distal epiphyses have clearly discernible surfaces for orientation,

but they are otherwise rounded and featureless. If anything, they have less distinct margins

than the 3-year-old distal epiphysis illustrated by Scheuer and Black (2000), but they are oth-

erwise close to the degree of development normal for early juveniles.

The pedal remains are characterized by rounded margins (except for metatarsal and

phalangeal metaphyses), porous articular subchondral bone with poorly defined margins to

the articulations, and well-formed platelike proximal epiphyses to the first metatarsal, and

the phalanges (not all of the middle and distal phalanges were recovered — Chapter 13).

There was no trace in situ of the metatarsal 2 to 5 head epiphyses; they normally remain as

“small undifferentiated nodules of bone until approximately 4 to 5 years of age” (Scheuer

and Black, 2000, p. 353), and it is possible, although unlikely, that they were not recognized.

Summary

These considerations of the skeletal age indicators for Lagar Velho 1 indicate that all of

them are in general agreement with a dental age of 4.5 to 5 years postnatal. The majority of

the indicators are in complete agreement with this assessment, although a few suggest that

Lagar Velho 1 may have been towards the delayed end of the skeletal growth range estab-

lished on the basis of the modern humans, principally European and European-derived

industrialized populations. These modestly delayed indicators include the fusion of the ante-

rior intraoccipital synchondroses, the fusion of some vertebral synchondroses, the appear-

ance of the greater trochanteric, patellar, proximal fibular and metatarsal 2 to 5 capitular epi-

physes, and (possibly) the fully open foramen of Huschke. Of these, none appears to have

been significantly delayed.
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chapter 16 | Comparative Considerations
❚ ERIK TRINKAUS ❚ 

The following sections on various aspects of the size and proportions of the Lagar 

Velho 1 skeletal and dental remains are intended primarily as a paleontological description of

the preserved bones and teeth, to make available to the scientific community a set of paleon-

tological observations to enable its integration expeditiously into paleobiological and phylo-

genetic interpretations of Late Pleistocene human evolution. Following on the skeletal inven-

tory presented in Chapter 13 and the assessments of age-at-death in Chapters 14 and 15, these

sections therefore describe in detail morphological aspects of the remains, with additional

preservational comments as they pertain to the interpretation of the skeleton.

At the same time, it is recognized that all description is by its nature comparative.

The descriptions therefore contain references, qualitative and quantitative, to observations

from relevant comparative samples as available given paleontological preservation and the

current state of research and publication on both paleontological specimens and recent

human biology. In the interest of expediting the publication of the Lagar Velho human fos-

sil remains, these comparative data are derived from the published literature, existing non-

published data available through either the author’s (or authors’) research program(s) or

from colleagues willing to share such data, observations that can be made readily on high

quality resin casts of original fossils, and in a few cases additional observations from origi-

nal remains when proximity or recent travel has facilitated such data collection. It is expect-

ed that a number of the aspects of the description and the preliminary comparisons under-

taken here will serve to do little more than place the Lagar Velho remains in the context of

Late Pleistocene human evolution and recent human patterns of morphological variation.  

A number of the comparisons clearly call for more detailed assessments of human develop-

mental patterns and Late Pleistocene developmental variation.

Comparative Samples

The Lagar Velho 1 individual lived, and died, approximately 25 000 years ago. Given its

juvenile age at death, it is unlikely that it contributed genetically to subsequent generations

of southwestern European Upper Paleolithic humans, although members of its kin group

almost certainly did. Its paleontological relevance is therefore threefold, and for each aspect

there are relevant, and less relevant, human samples.

Its first importance is to our understanding of the paleobiology of contemporaneous

Gravettian (sensu lato) European populations, since Lagar Velho 1 is one of the few juvenile

partial skeletons from this time period known to us. The only others are the partially

described and now destroyed juvenile remains from Předmostí (Matiegka, 1934, 1938), the

two late juvenile/early adolescent skeletons from Sunghir (Alexeeva et al., 2000), and the

younger remains from Balla (Hillebrand, 1911). An isolated juvenile occipital is also known

from the Cova de les Malladetes (Arsuaga et al., 2001). In addition, there are possibly

Gravettian immature remains from Isturitz and Kostenki (Minugh-Purvis, 1988; Gambier,
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1990-91). The juvenile partial skeleton from Le Figuier (Billy, 1979) probably derives from

the Magdalenian, but its position within the cave’s Upper Paleolithic sequence remains

uncertain (Gambier, pers. comm.; see Chapter 33). Anatomically limited data are available

from the earlier (Aurignacian) Cro-Magnon 4252, Miesslingtal 1, Mladeč 3, 40 and 102, La

Quina 25 and Les Rois 1 immature remains (Szombathy, 1950; Vallois, 1958a; Gambier,

1986a; Minugh-Purvis, 1988; Trinkaus, pers. observ.), plus scattered very small elements

(mostly teeth) of other immature earlier Upper Paleolithic remains (see lists in Gambier and

Houet, 1993; Gambier, 2000). To this can be added the Proto-Magdalenian remains from

the Abri Pataud, especially the juvenile Pataud 3 (Billy, 1975). 

In this context, Lagar Velho 1 has the potential to provide additional paleontological data

on Gravettian biological development, paleopathology and functional anatomy. For such

considerations, it is principally the roughly contemporaneous Gravettian remains from

Europe which are relevant, although recent (late Holocene) human samples (as well as other

human paleontological samples) are important for providing a broader framework for

assessing the nature and patterning of the paleobiological aspects of Lagar Velho 1 and its

Gravettian contemporaries.

The second relevance of the skeleton, and the one which has generated the most inter-

est, derives from the proposition that it provides evidence of previous admixture between

late archaic (Neandertal) and early modern humans in southwestern Iberia (Duarte et al.,

1999). Since this is a question of ancestry (and not descendants), the only directly relevant

samples are those that represent the populations which had the potential to be ancestral to

Lagar Velho 1. 

Ideally these ancestral samples would be the Neandertals of the southwestern Iberian

peninsula and the earliest modern humans who appear to have dispersed south and west

from the Pyrenees, across the Ebro Frontier (Zilhão, 1993, 2000), sometime after ca.28

000-30 000 years BP. Except for a few teeth from Portugal (Columbeira, Salemas and

Figueira Brava), the cranial remains from Forbes’ Quarry and Devil’s Tower on Gibraltar,

and a growing sample of fragmentary remains from eastern Spain (e.g., Banyoles, Cabezo

Gordo, Cova Negra, Negra del Estrecho, Sidrón and Valdegoba), Iberian Late Pleistocene

Neandertals are poorly known. None of them is preserved as an associated skeleton. Early

modern humans from Iberia south of the Pyrenees around the time of Lagar Velho 1 are cur-

rently known only from the juvenile occipital from Malladetes (Arsuaga et al., 2001), a few

fragments from the Cova Foradada (Arsuaga et al., 2001), and a possibly early Upper

Paleolithic mandible from the Cueva del Conde (Arsuaga, pers. comm.).

For these reasons of preservation and discovery, it is deemed appropriate and concep-

tually relevant to use, as comparative reference samples for this admixture issue, the Late

Pleistocene Neandertals of Europe and the Aurignacian and Gravettian early modern

humans from across Europe. Although some of the European Neandertal specimens were

relatively distant in time from Lagar Velho 1, having lived several tens of millennia prior to

it, current paleontological analysis of the latest Neandertal specimens (from Arcy-sur-Cure -

Renne, St. Césaire and Vindija G1) indicate that the morphological differences between these

initial Upper Paleolithic Neandertals and earlier Late Pleistocene Neandertals were relative-

ly subtle in nature (Leroi-Gourhan, 1958; Wolpoff et al., 1981; Vandermeersch, 1984; Smith

and Ahern, 1994; Hublin et al., 1996; Smith et al., 1999; Trinkaus et al., 1999a). The vari-

ous European earlier Upper Paleolithic human remains of relevance here are distributed

from the Atlantic to the Black Sea, and they span the time period from ca.32 000 years BP

to ca.20 000 years BP. It is recognized that the more recent of these specimens post-date

the Lagar Velho specimen by a few thousand years. However, comparisons of them to earli-
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er, pre-25 000 years BP, specimens indicate that there were few significant human biologi-

cal changes during this time period, and the contemporaneous archeological record suggests

few major temporal changes in human behavior and populations, despite geographical vari-

ance, at least during the Gravettian (sensu lato) across Europe (Roebroeks et al., 2000). 

At the same time, given the limitations of both the Neandertal and earlier Upper

Paleolithic early modern human samples from Europe, the paleontological base for com-

parisons have been expanded in space and backwards in time, as appropriate. The late archa-

ic sample is expanded to include western Asian Neandertals, including specimens from

Iraq, Israel, Syria and Uzbekistan (McCown and Keith, 1939; Gremyatskij and Nesturkh,

1949; Suzuki and Takai, 1970; Trinkaus, 1983; Bar Yosef and Vandermeersch, 1991; Rak et

al., 1994; Akazawa and Muhesen, 2002), as well as occasional reference to late archaic

remains from other geographical areas when limitations of preservation make it particular-

ly relevant. The early modern human sample includes as well the Middle Paleolithic

Levantine remains from Qafzeh and Skhul (McCown and Keith, 1939; Vandermeersch,

1981; Tillier, 1999), which are the earliest well-dated and securely “early modern human”

remains currently known and are frequently taken to represent the ancestral populations for

European early modern humans (e.g., Vandermeersch, 1981; Stringer et al., 1984).

For the evaluation of the admixture hypothesis, it is also necessary to rely upon data

from recent human samples, principally since none of the Late Pleistocene samples cur-

rently provides adequate numbers of sufficiently complete immature remains to establish

adequately the normal developmental trajectories for the features in question or the expect-

ed ranges of variation. As with previous studies of Late Pleistocene human immature

remains (e.g., Tompkins and Trinkaus, 1987; Minugh-Purvis, 1988; Trinkaus and Ruff,

1996; Mallegni and Trinkaus, 1997; Coqueugniot, 1999; Tillier, 1999; Krovitz, 2000; Ponce

de León and Zollikofer, 2001), developmental series of recent human remains can be used

profitably to provide a framework for assessing the patterns of expected development for

these Late Pleistocene human samples. Moreover, a variety of patterns of development and

structural integration in the skeleton can be assessed only by reference to recent human

samples, both immature and mature.

Yet, statements to the effect that morphological contrasts between Lagar Velho 1 and

European early modern humans are irrelevant since the Lagar Velho 1 configuration in question

can be matched among recent humans (e.g., Cunha, 1999; Hublin, 2000) are inappropriate.

Such direct comparisons to recent human ranges of variation would be relevant only if: 1) Lagar

Velho 1 could be descendant from any of these Holocene human populations, and 2) all mod-

ern human populations exhibited the same range of variation as do pre-25 000 year BP

European Late Pleistocene humans in the morphological features in question. The first condi-

tion is a temporal impossibility, and therefore can be dismissed. The second possibility is

demonstrably false given the plethora of morphological changes between Aurignacian and

Gravettian human populations and recent humans, and the abundance of interpopulational vari-

ation across recent and living human populations. The second condition also bespeaks a typo-

logical perspective, one in which the term “modern” (in any sense but particularly as applied to

defining Pleistocene human groups such as “early modern humans” or “anatomically modern

humans”) denotes an invariant set of attributes that are uniformly distributed across “modern”

human populations, past and present (see Roebroeks and Corbey, 2000). Consequently, assess-

ments of the admixture hypothesis in particular will employ recent human comparative data as

a framework for evaluating the biological interrelationships of features, their developmental tra-

jectories and expected ranges of variation, but they will assess the polarities of traits and their

implications with reference to the potential ancestors of Lagar Velho 1.
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The third relevance of the Lagar Velho 1 remains is to augment our earlier Upper

Paleolithic human fossil sample to provide a background for the subsequent human evolu-

tion during the Upper Paleolithic. Although increasingly important to our understanding of

Late Pleistocene human biocultural evolution (Brennan, 1991; Churchill, 1994; Holliday,

1995, 1999; Coqueugniot, 1999; Formicola and Giannecchini, 1999; Holt, 1999; Churchill

et al., 2000; Holt et al., 2000), trends through the Upper Paleolithic are secondary to our

assessment of the Lagar Velho 1 remains. Reference will therefore be made only secondari-

ly to the later Upper Paleolithic human remains from Europe, principally those post-dating

the last glacial maximum.

Comparative Methods

The methods for data collection either follow standard osteometric techniques (e.g.,

Bräuer, 1988, with Martin measurements indicated by M-## for the appropriate number

when applicable) or are specified in the chapter as appropriate. 

Quantitative comparisons, given the juvenile age of Lagar Velho 1, employ a variety of

techniques depending upon the feature(s) in question. For features that do not change dur-

ing development once the structure is formed (e.g., dental crown diameters and labyrinthine

morphology), the Lagar Velho 1 dimensions and proportions are compared to the maximal

pooled immature and mature samples available. For structures that exhibit significant

change during development and for which paleontological and/or recent human growth

series are available, the Lagar Velho 1 values are compared to growth series and to distribu-

tions of the relevant mature (late adolescent and adult) samples. 

For the growth series, either pooled samples for age intervals are employed, or the indi-

vidual values are plotted against the average age estimate for the specimen in question. In

these approaches, it is recognized (Trinkaus, 2000a) that a proper assessment of the mor-

phology of the Lagar Velho 1 remains requires that it be evaluated within the dynamic con-

text of growth and development as documented for recent humans and illustrated for Late

Pleistocene humans by scattered immature human remains. Such dynamic assessments of

individual morphological complexes are generally beyond the scope of this descriptive

monograph. However, when feasible given the stated goals of the monograph, such more

dynamic assessments will be made or referenced, and when more static data are employed

they will be so used bearing in mind the development trajectory in which Lagar Velho 1 par-

ticipated for five years during the Late Pleistocene.

In all of these developmental assessments, it is recognized that all skeletal age esti-

mates incorporate a range and that different authors have provided mildly contrasting val-

ues for individual fossil specimens (e.g., Minugh-Purvis, 1988 vs. Madre-Dupouy, 1992 vs.

Tillier, 1999 vs. Coqueugniot, 1999). Given normal variation in the features in question and

reasonable ranges for the age estimates, the resultant comparisons are intended to provide

an interpretive framework for Lagar Velho 1 and not to be definitive statements on the ages-

at-death of individual fossil specimens or for the expected ranges of variation within and

among the samples in question.

Despite the acknowledged limitations of these comparative assessments of the skeletal

and dental morphology of Lagar Velho 1, it is hoped that the information presented will be

adequate to provide an assessment of its place in Late Pleistocene human evolution and to

permit the formulation of more specific hypothesis concerning aspects of immature human

morphological evolution during the Late Pleistocene.
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The head of Lagar Velho 1, as best as can be reconstructed from what portions were rea-

sonably in situ and which ones were scattered along the eastern portion of the Abrigo do Lagar

Velho, was lying on its left side with the right side protruding to some degree above the hor-

izontal plane of the burial (see Chapter 11). As a result of this positioning of the head, most of

the midline and right side neurocranial remains were scattered to the east of the burial by

earth-moving equipment in 1994, and the left temporal bone, inferior left parietal bone and

the left two-thirds of the mandible remained largely in place. The remainder of the pieces,

with the exception of the right temporal bone (presumably as a result of the greater density of

the petrous and mastoid regions), were broken into relatively small pieces. At the same time,

it is apparent from the number of breaks in the neurocranial pieces that were covered by

matrix, including ochre, that the cranium had broken into numerous small pieces prior to the

earth-moving activities of the early 1990s, contributing to the fragmentation. 

Sorting and reassembly has resulted in the identification of most of the preserved

pieces, with principally very small pieces of the neurocranial vault (maximum diameter < 10

mm) remaining unidentified as to bone and/or position. The identified pieces have been

reassembled along secure contact points into a major portion of the neurocranium, includ-

ing most of the temporal, parietal and occipital bones, portions of the frontal bone and a

fragment of the right sphenoid bone (Figs. 17-1 to 17-5). This neurocranial unit was reassem-

bled from 11 pieces of frontal bone, 20 pieces of right parietal bone, 29 pieces of left parietal

bone, 15 pieces of occipital bone, four pieces of each of the temporal bones, and a piece of

the sphenoid bone, for a total of 84 originally separate elements. In addition, there are iden-

tified but separate portions of both maxillae (4 pieces), one nasal bone, two sections of the

right zygomatic bone, three separate pieces of supraorbital and midline frontal bone (from

8 pieces), two pieces of the occipital bone adjacent to the foramen magnum (from 3 pieces),

three sections of the left occipital squamous portion (from 4 pieces), two isolated sutural

bones, and four auditory ossicles, for an additional 28 originally separate pieces contribut-

ing to the morphology of the cranium (Chapter 13).

During reassembly of the neurocranial pieces, it became apparent that the left side of

the vault, especially in the region of the temporal squamous portion, the inferior parietal

bone and the frontal bone along the coronal suture, had been deformed postmortem. This

resulted in an abnormal flattening of the left side of the vault and a curious lateral diver-

gence of the left lateral frontal bone relative to the parietal bone along the coronal suture

(Figs. 17-1 and 17-4). This was noticed during the original reassembly of the then available

left neurocranial elements in June 1999 (prior to the excavations during the summer of

1999 and the associated discovery of the additional elements of the cranium), and it became

increasingly apparent as the more normal curvature of the right side was reassembled dur-

ing January and July 2000. This flattening of the left side of the vault is undoubtedly due to

subtle warping of the individual pieces in situ, prior to the 1994 disturbance of the site. 

In the attempts to provide a reasonable reassembly of the preserved elements, this post-

mortem warping, combined with the inevitable angular distortions across dozens of glue
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joins between relatively thin immature neurocranial vault bones, has meant that the overall

shape of the Lagar Velho 1 neurocranium is clearly distorted from its original antemortem

form (Figs. 17-1 to 17-5). The right side should be sufficiently close to the original form to

provide a reasonable assessment of neurocranial shape. In addition, assessments of local-

ized aspects of neurocranial morphology (except for the mid-left-lateral curvatures) are large-

ly unaffected by the postmortem and reassembly-related distortions. However, any osteo-

metric values of overall neurocranial size and shape taken from the reassembly (some of

which are provided below), are of necessity approximate and should be treated as such.

These issues are addressed in more detail in the computer-assisted reconstruction of the

skull (Chapter 22).
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FIG. 17-1 – The Lagar Velho 1 neurocranium in norma lateralis right, as reassembled. Scale in centimeters.

FIG. 17-3 – The Lagar Velho 1 neurocranium in norma lateralis
left, as reassembled. Scale in centimeters.

FIG. 17-2 – The Lagar Velho 1 neurocranium in norma
verticalis, as reassembled. The left side is laterally

displaced due to postmortem deformation. Scale in

centimeters.



This chapter is intended to provide an overall description of the Lagar Velho 1 cranial

remains and detailed assessments of several of its regions. Given the additional data pro-

vided by the midfacial (maxillary and nasal) region, the internal temporal bone and the audi-

tory ossicles, those regions are described in detail in the following chapters. The computer-

assisted reconstruction of the whole skull (Chapter 22) follows on the presentation of the

individual anatomical sections.

The description which follows principally details the Lagar Velho 1 morphology. The lim-

ited number of immature Late Pleistocene remains available for comparisons consist princi-

pally of late archaic (Neandertal) remains (e.g., Amud 7, Engis 2, La Ferrassie 3 and 8,

Dederiyeh 1 and 2, Devil’s Tower 1, Pech-de-l’Azé 1, La Quina 18, Roc de Marsal 1, Subalyuk

2, Píñar (Carihuela) 3 and Teshik-Tash 1, all from Europe except for Amud 7, Dederiyeh 1 and

2 and Teshik-Tash 1), Qafzeh-Skhul early modern humans (esp. Qafzeh 10 and 11 and Skhul

1), and earlier Upper Paleolithic human remains. The last include data from Matiegka’s (1934)

descriptions and photographs of the destroyed Gravettian Předmostí remains (esp. Předmostí

2, 6, 7 and 22), and from Balla 1, Cro-Magnon 4252, Malladetes 1, Mladeč 3, Pataud 3 and

Sunghir 2 and 3; additional data are provided for Kostenki 3 and 4 and Le Figuier 1. The fos-

sil immature comparative data derive principally from Hillebrand (1911), Matiegka (1934),

Heim (1982b), Tillier, (1983a, 1983b, 1987, 1999), Minugh-Purvis (1988), Madre-Dupouy

(1992), Pap et al. (1996), Dodo et al. (1998), Coqueugniot (1999), Arsuaga et al. (2001a),

Ishida and Kondo (2001) and Trinkaus (pers. observ.). Additional comparative data, as appro-

priate, are included for adolescent and mature specimens from these samples. 

Overall Neurocranial Size and Proportions 

The overall proportions of the Lagar Velho 1 cranium are presented and analyzed in a

three-dimensional context in Chapter 22 (the computer-assisted reconstruction of the skull).

It is apparent from that analysis that the overall dimensions and shape of the cranium fall

principally within the growth trajectories of early and recent modern humans and distinct

from those of the Neandertals. In the context of these overall cranial shape affinities, it is
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FIG. 17-4 – The Lagar Velho 1 neurocranium in norma occipitalis,
as reassembled. The left side is laterally displaced due to

postmortem deformation. Scale in centimeters.

FIG. 17-5 – The Lagar Velho 1 neurocranium in norma
basalis, as reassembled. The left side is laterally displaced

due to postmortem deformation. Scale in centimeters.



possible to compare the cranial capacity estimate for Lagar Velho 1 and several of the mea-

surements of overall parietal and occipital proportions and curvature with those of other

immature Late Pleistocene humans and adults from the same samples. 

The endocranial capacity of Lagar Velho 1 has been estimated (Chapter 22) at 1300-1350

cc. There are relatively few immature Late Pleistocene specimens below the age of 10 years

which provide reasonable endocranial capacity estimates (all are either European

Neandertals or Qafzeh-Skhul specimens), and it should be kept in mind that the methods of

calculation of the endocranial capacity vary from three-dimensional morphing (as in Lagar

Velho 1, and also Devil’s Tower 1, Engis 2 and Roc de Marsal 1), to volumetric displacement

of endocranial casts, to regression formulae based on recent human comparative samples.

The estimation errors are frequently of the magnitude of 50 to 100 cc, and hence differences

less than ca.100 cc are methodologically of little meaning. However, it is apparent from the

available data (Table 17-1) that there is little difference between the Late Pleistocene adult

samples in endocranial capacity (pooling the European and Near Eastern Neandertal sam-

ples provides an ANOVA P = 0.561). Among the immature specimens, there is a gradual

increase with age during the first decade, with little separation (given sample size) between

the late archaic and early modern human samples (Fig. 17-6). Lagar Velho 1 falls well with-

in the expected distributions for its approximate age.

Table 17-1
Comparative adult neurocranial vault osteometrics for European and Near Eastern
Neandertals, Qafzeh-Skhul early modern humans, and European early Upper
Paleolithic humans.

European Near Eastern Qafzeh- Early Upper ANOVA 

Neandertals Neandertals Skhul Paleolithic P-values

Endocranial 1483 ± 174 (8) 1600, 1750 1518, 1531, 1587 1519 ± 137 (21) 0.403

capacity (cc)

Bregma-Opisthion 232, 236, 249 250, 264 255, 265 254.4 ± 8.3 (20) 0.030

Arc (mm)

Parietal Curvature 93.0 ± 1.8 (9) 90.7, 93.3 89.0, 91.6, 93.3 90.8 ± 2.3 (29) 0.093

Occipital Curvature 79.8 ± 4.7 (5) 76.2, 80.8 76.9, 79.0, 84.2 79.9 ± 3.7 (20) 0.964

Parietal/Occipital  109.8, 115.5, 120.7 106.7, 117.3 122.4, 127.7 123.2 ± 12.0 (20) 0.406

Length

Bi-Asterion / 51.3, 53.9 44.8, 56.3 41.9, 47.8 43.6 ± 2.4 (11) 0.008

Bregma-Opisthion

Bi-Asterion / 102.4 ± 5.1 (6) 90.3, 111.7 76.5, 93.1, 100.0 84.2 ± 5.8 (12) 0.001*

Bregma-Lambda

Parietal Thickness 8.3 ±1.8 (16) 8.3 ± 0.4 (5) 8.2 ± 2.4 (9) 6.2 ± 1.5 (13) 0.013

(mm)

Mean, standard deviation and sample size are provided for N > 4; individual values are provided for smaller samples.

ANOVA P values across the four samples are provided; * indicates P < 0.05 after a sequentially reductive Bonferroni

multiple comparison correction within the cranial metric comparisons

Less precise comparisons but ones which include more specimens (especially of earli-

er Upper Paleolithic humans) can be done using arcs and chords of the parietal (bregma-

lambda) and occipital (lambda-opisthion) bones as well as bi-asterionic breadth. The exact

locations of bregma and lambda are open to discussion, given the presence of sutural bones

in the posterior sagittal and medial lambdoid sutures and the absence of the region around

bregma. Bregma has been located by extending the arcs of the coronal and sagittal sutures,
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and lambda has been placed on the suture where the contours of the preserved sagittal and

lambdoid sutures would cross. The variation in the estimates is unlikely to be more than 2-

3 mm. The position of opisthion is clear on the remains, as are the positions of each asteri-

on. The resultant estimates from the computer-assisted reconstruction (Table 20-1) are pari-

etal (bregma-lambda) chord and arc of 115 mm and 130 mm, occipital (lambda-opisthion)

chord and arc of 94 mm and 115 mm, and a bi-asterionic breadth of 98 mm. For compari-

son, direct measures on the reassembled neurocranium for the occipital bone provided

lambda-opisthion chord and arc of 93 and 112 mm and a bi-asterionic breadth (determined

as twice the measure from the midline to the right asterion) of ca.94 mm. Nasion-bregma

dimensions are provided in Table 22-1 based on the computer-assisted reconstruction; since

these measurements are based on estimations of the positions of both bregma and nasion,

comparisons of them to other specimens have not been undertaken.

The sum of the parietal and occipital arcs (ca.245 mm) is moderately large for a Late

Pleistocene human of its developmental age (Fig. 17-7), even though it is in the middle of

the Gravettian range of variation. It is exceeded by the values for slightly younger and slight-

ly older Předmostí 6 (2-2.5 years) and 2 (7-8 years) specimens, as well as by those for the 11-

12 year old Předmostí 7 specimen and several late archaic and early modern mature speci-

mens. Interestingly, it is well above those of the Middle Paleolithic late archaic and early

modern human immature crania. A recent human sample of 2-5 year old crania (Madre-

Dupouy, 1992) provides a much lower mean of 207.9 (± 7.7, N = 19), indicating the gener-

ally larger size of all of the Late Pleistocene immature neurocrania, something expected

given the generally larger adult cranial capacities of all of these Late Pleistocene samples

(Ruff et al., 1997). This is supported by an ANOVA P < 0.001 for the recent and fossil imma-

ture crania; there is little consistent difference between the few Middle Paleolithic and the

more abundant early Upper Paleolithic sufficiently complete mature crania (Table 17-1), with

the few European Neandertal specimens being slightly smaller than the rest.
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FIG. 17-6 –Endocranial capacity versus age for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar Velho 1,

gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles: Near

Eastern Neandertals, open triangles: Qafzeh-Skhul specimens. The average value of 1325cc is plotted for Lagar Velho 1.



Indices measuring parietal and occipital midsagittal curvature (chord/arc, in which a

lower value indicates a greater degree of curvature) place Lagar Velho 1 well within the early

modern human distributions for parietal and occipital curvature (Fig. 17-8). Among mature

specimens, there is a trend of increasing parietal curvature (decreasing indices) from the

Neandertals to the early modern humans, despite considerable overlap between the sam-

ples (Table 17-1). This shift is reflected in the distribution of the immature specimens, in

which the archaic specimens tend to have higher values than most of the early modern

ones. In this, Lagar Velho 1 is principally among the early modern human specimens. The

relatively high index for the one Qafzeh-Skhul specimen among the Neandertals, Qafzeh

10, may well be affected by the postmortem deformation of its cranial vault near vertex

(Tillier, 1999). 

In the comparison of occipital curvature (Fig. 17-8), there is no difference among the

mature specimens (Table 17-1), and there is only a suggestion of greater average curvature

among the immature Neandertal specimens. The midsagittal curvature of Lagar Velho 1 is

close to the early modern specimens, but it is also bracketed by the high value for La

Ferrassie 8 and the lower ones for Engis 2, Subalyuk 2 and Roc de Marsal 1; the older juve-

nile Malladetes 1 occipital (not included on the graph given its uncertain age) provides a

moderately high value of 85.9. A recent human 2 to 5 year old sample provides indices of

88.1 ± 1.2 (N = 19) for parietal curvature and 83.8 ± 2.5 (N = 20) for occipital curvature

(Madre-Dupouy, 1992), values which are similar to the early modern humans.

Neither of these indices is correlated with age in a recent human 2 to 5 year old sample

(parietal r2 = 0.004; occipital r2 = 0.185). ANOVA P-values across the immature fossil sam-

ples reinforce the contrast in average parietal curvature (P = 0.064; 0.014 without Qafzeh

10) and only a modest difference in average occipital curvature (P = 0.193). Addition of 

the immature recent sample from Madre-Dupouy (1992) increases the parietal difference 

(P < 0.001) but changes the occipital difference little (P = 0.158).
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FIG. 17-7 – Bregma to opisthion midsagittal arc versus age for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon:

Lagar Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray

triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens. 



Lagar Velho 1 has parietal bone lengths compared to its occipital bone length similar to

those of other Late Pleistocene specimens. An index of the two chords (Fig. 17-9) places

Lagar Velho 1 next to the similarly aged Engis 2 and Skhul 1 specimens and in the middle of

the immature and mature distributions. The recent human immature sample has relatively

low indices (118.1 ± 6.9, N = 19), reflecting their smaller overall size.

One comparison of relative cranial breadth can be done using bi-asterionic breadth ver-

sus the sum of the parietal and occipital arcs or, to increase mature sample size, the parietal

arc alone (Fig. 17-10). In these comparisons, there are significant differences between the
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FIG. 17-8 – Parietal (bregma-lambda) and occipital (lambda to opisthion) curvature indices ((chord / arc) x 100) for Lagar 

Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar Velho 1, gray squares: European Neandertals, open squares:

European earlier Upper Paleolithic specimens, gray triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul

specimens. 



Neandertal and early modern human adults, especially in the comparison of bi-asterionic

breadth to the parietal arc (Table 17-1). There is more scatter among the immature speci-

mens, but the index for Lagar Velho 1 is well below those of the three Neandertals and the

three Qafzeh-Skhul juveniles providing data and among the immature and mature early

modern humans. In terms of relative posterior neurocranial breadth, therefore, Lagar Velho

1 is most closely aligned with the mature early modern human samples.

The Lagar Velho 1 neurocranial midsagittal arc therefore appears to exhibit size and

proportions generally similar to those of other Late Pleistocene humans. The only metric

patterns for which Lagar Velho 1 provides data and for which shifts occur between late archa-

ic and early modern humans, relative parietal curvature and relative posterior neurocranial

breadth, place Lagar Velho 1 well within the early modern human samples and largely sep-

arate from the Neandertals.

In posterior view (norma occipitalis), the neurocranium appears to be evenly rounded

superiorly lacking the prominent parietal eminences common on early modern human cra-

nia (see discussion below and Figs. 17-4 and 22-5). However, the mastoid area is relatively

prominent laterally, making the inferolateral profile of the neurocranium in norma occipitalis
largely vertical. In this sense, Lagar Velho 1 lacks the coronal rounded contour (“forme en

bombe”) seen in immature and mature Neandertal crania (Hublin, 1998; Tillier, 1987),

although it does not present the strictly pentagonal coronal profile considered (e.g., Hublin,

1983) characteristic of early and recent modern humans. Indeed, it is largely the lateral

prominence of the mastoid processes in early modern humans which provides them with

the distinctive pentagonal form in norma occipitalis, whereas the lateral profiles of the mas-

toid processes of immature and mature European Neandertals, largely within the curvature

of the parietal bones, provide them with the “forme en bombe” considered distinctive of

them. The degree of parietal eminence projection is variable among the early modern

humans, although it is rarely marked among the Neandertals.
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FIG. 17-9 – Parietal chord versus occipital chord indices for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar

Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles:

Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.



The Frontal Bone

The Lagar Velho 1 frontal bone retains five portions, a midline section with the internal

frontal crest, a lateral section of each supraorbital margin, and a lateral section of each frontal

squamous along the temporal lines and the coronal suture (Chapter 13). Despite considerable

effort (and some wishful thinking), it was not possible to identify confidently pieces that

joined the two supraorbital sections and the midline section to each other or to the lateral
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FIG. 17-10 – Bi-asterionic breadth versus the bregma-opisthion arc (above) and the bregma-lambda arc (below) for Lagar Velho 1

and Late Pleistocene specimens (x 100). Black hexagon: Lagar Velho 1, gray squares: European Neandertals, open squares:

European earlier Upper Paleolithic specimens, gray triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul

specimens. 



squamous portions (see Chapter 22). Their orientations therefore remain approximate. In

addition, even though both the right supraorbital piece and the frontal process of the right

zygomatic bone retain portions of their common suture, the bone along that suture is too

eroded on both elements to provide a confident orientation to the contact between them.

The Supraorbital Region

The supraorbital margin is represented by a substantial portion on the left side, from

the supraorbital notch to the eroded frontozygomatic suture, and by a smaller piece adjacent

to the frontozygomatic suture on the right side. The supraorbital margin proper is rounded

and moderately thick along its length, increasing from ca.3.0 mm at midorbit (left side) to

ca.4.0 mm adjacent to the frontozygomatic suture on both sides (Fig. 17-11). Laterally, supe-

rior and posterior of the supraorbital margin, the exocranial surface rounds onto a broad and

largely flat supraorbital trigone, which is separated from the squamous portion by a broad,

open but moderately deep sulcus. The sulcus gradually reduces in size medially, such that

in the vicinity of the supraorbital notch the sulcus is absent and the exocranial surface

extends straight from the supraorbital margin to the squamous region above.
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FIG. 17-11 – The Lagar Velho 1 left supraorbital piece in anterior view (above right), the midline frontal squamous piece in left

lateral view (left), and the frontal process of the right zygomatic bone in lateral view (below right). Scale in centimeters.



In the rounded nature of the margin, the Lagar Velho 1 frontal bone is similar to the

Cro-Magnon 4252 lateral right supraorbital piece, which also presents a clear supraorbital

lateral sulcus in the region of the temporal crest and a rounded anterior margin which is

minimally 3.5 mm thick and 4.4 mm thick at the frontozygomatic suture. However, the Cro-

Magnon 4252 piece is a small isolated fragment, and it is unclear whether it derives from a

similarly aged or a substantially older juvenile. The Lagar Velho 1 lateral supraorbital mar-

gin, however, contrasts with the sharp and angled supraorbital margins of recent human

juveniles and (judging from photographs) with the younger (2-3 year old) Balla 1 and

Předmostí 6 crania. It is also very different from the older (ca.7 years) Pataud 3 frontal,

which has a sharp lateral margin with a minimal thickness of ≤ 2.0 mm and a thickness of

2.3 mm at the frontozygomatic suture. The developmentally slightly younger (and probably

Magdalenian) Le Figuier 1 supraorbital margin is also sharp and angled, with a mid-orbit

thickness of 1.3 mm and a lateral one of 1.6 mm.

Similarly aged Neandertal juveniles (Devil’s Tower 1 and Engis 2) have (or appear to

have, in the case of Engis 2) supraorbital margins that are sharply angled inferiorly, but are

considerably thicker laterally (ca.7.0 mm for Devil’s Tower 1 and 6.5 mm for Engis 2) and

accompanied by a distinct transverse swelling above the supraorbital margin, the develop-

mental predecessor of a full supraorbital torus. A similar pattern is evident in the slightly

older (6-7 year old) La Quina 18 cranium, but its lateral thicknesses are only 4.5 and 4.3 mm

and its minimum lateral thicknesses are 3.2 and 3.0 mm. The transverse swelling is absent

from the Lagar Velho 1 supraorbital region, but its thickness fits within the known imma-

ture Neandertal range (or expected range, based on older and younger individuals) in terms

of lateral thickness.

The specimens which appear to most closely resemble Lagar Velho 1 in the degree of

apparent lateral supraorbital projection combined with a similar degree of thickening and

rounding of the lateral margin are the slightly older Qafzeh 10 (ca.6 years) and the much older

Předmostí 7 (11-12 years) specimens, as well as the Cro-Magnon 4252 specimen of indeter-

minate age. The similarly aged Skhul 1 specimen exhibits a sharp margin, little thickening,

and only a minimal lateral supraorbital sulcus. The Předmostí 7 specimen cannot be mea-

sured, but Qafzeh 10 provides (on the right side) a midorbit thickness of ca.3.5 mm and lat-

eral thickness of ca.2.5 mm, and Skhul 1 has midorbit thicknesses (2.0-2.5 mm) and lateral

thickness (ca.2.5 mm), all of which are less than the Lagar Velho 1 values. In the context of

this, it should be noted that several of the Qafzeh-Skhul adult specimens exhibit full supra-

orbital tori (e.g., Qafzeh 3 and 6 and Skhul 5 and 9), although other specimens (e.g., Qafzeh

9) lack the lateral development of the torus. Aurignacian and Gravettian adults, although fre-

quently possessing prominent superciliary arches united across glabella, do not exhibit suffi-

cient thickening of the lateral supraorbital area and continuity between the glabellar and lat-

eral supraorbital areas to be characterized as possessing a supraorbital torus; however, sever-

al specimens (e.g., Předmostí 1 and 3 and Pavlov 1, as well as the earlier Mladeč 5) exhibit both

prominent superciliary arches and some thickening of the lateral supraorbital region. 

The Lagar Velho 1 supraorbital morphology is also close to those of the younger (2-3 year

old) Pech-de-l’Azé 1 and Subalyuk 2 Neandertal crania, although those late archaic humans

exhibit less rounding of the lateral margin and greater swelling of the area above the margin.

The supraorbital region of Lagar Velho 1 is therefore most similar to those of early mod-

ern human juveniles in its basic form, particularly in the absence of a distinct transverse

swelling above the supraorbital margin which characterizes all Neandertal juvenile speci-

mens. However, the degree of lateral projection, the associated sulcus and especially the

thickening and rounding of the margin are similar to those of developmentally older
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Qafzeh-Skhul and Gravettian specimens, suggesting that had Lagar Velho 1 survived to

maturity, its supraorbital region would have been at least as prominent as the more cranio-

facially robust Qafzeh-Skhul specimens, possibly overlapping the robust end of the

Gravettian supraorbital range of variation.

As mentioned above, the left supraorbital margin exhibits a clear supraorbital notch

rather than a foramen or the absence osteologically of a neurovascular pathway for the supra-

orbital artery and nerve. The absence of a notch, or incisure, has been considered a derived

Neandertal feature (Tillier, 1983a), in contrast to the more common pattern of the presence

of a notch or a foramen in recent and early modern humans (Matiegka, 1934; Coqueugniot,

1999). However, the younger Qafzeh immature specimens also lack a notch or foramen,

and one (Píñar 3) of seven juvenile Neandertals exhibits a notch (Coqueugniot, 1999). 

Neither of the supraorbital pieces nor the midline squamous piece extending upwards

from glabella exhibits any trace of a frontal sinus. The frontal sinus normally begins devel-

opment and is perceptible radiographically by about 4 years of age (Maresh, 1940;

Anderhuber et al., 1992), but it is rarely developed above the orbital margins before five to

six years of age (Maresh, 1940). It is therefore likely that the Lagar Velho 1 frontal sinus, if

originally present, was contained in the absent interorbital area.

The Frontal Squamous Portion

The midline piece of the frontal squamous (Fig. 17-11) exhibits no trace of the metopic

suture. In this, it is similar to 75% (N = 8) of the juvenile to early adolescent Neandertal cra-

nia, 75% (N = 4) of the Skhul-Qafzeh similarly-aged specimens, and 71.4% (N = 7) of earli-

er Upper Paleolithic specimens (counting partial presence, which is usually glabellar in posi-

tion, as absent given the absence of the glabellar region on the Lagar Velho 1 frontal bone)

(comparative data from Coqueugniot, 1999). 

The Lagar Velho 1 frontal bone is notable primarily for its prominent frontal crest,

which projects up to 5.0 mm from the adjacent endocranial surface. The crest deviates

slightly to the right as it goes superiorly. As the crest tapers off superiorly, a straight sulcus

for the sagittal sinus forms and continues to the postmortem break towards bregma.

The midline sagittal curvature of the frontal squamous extends from a relatively

straight line above glabella and gradually increases in curvature superiorly. In this respect,

it closely resembles most Late Pleistocene immature crania, whose maximum sagittal

frontal curvature occurs near the middle of the nasion-bregma arc. The Lagar Velho 1 piece

appears to lack any suggestion of a supraglabellar midline sulcus, such as is evident on

Devil’s Tower 1, Engis 2, Mladeč 3, Předmostí 2, La Quina 18, Qafzeh 10 and Subalyuk 2 but

is absent from Skhul 1, Pataud 3 and Předmostí 6.

The right lateral squamous portion is evenly convex from the level of pterion to the

region approaching bregma (the left side is deformed postmortem). There is no obvious

trace of the right temporal line. However, both lateral squamous portions exhibit a series of

largely parallel grooves radiating posterosuperiorly from the temporal fossa. On the left side,

there is one principal groove. On the right side, there is a deeper one which branches as it

approaches the coronal suture, combined with several faint ones above it and parallel to it.

All contain ochre and therefore predate the 1994 disturbance of the skull. Their etiology

remains uncertain, but they are frequently apparent on late archaic and early modern

human immature and mature frontal bones. Endocranially, there is no evidence of

meningeal vessel sulci.

267

chapter 17 | THE CRANIAL MORPHOLOGY



The Parietal Bones

The Lagar Velho 1 parietal bones are largely smooth exocranially and gently undulating

endocranially. The minimally deformed right one shows an even external convexity. There

is no trace of the temporal lines on either parietal bone.

It is difficult to determine conclusively the degree of parietal eminence projection on

either side, since the bones are broken with missing pieces on both sides and the left one is

deformed. However, as mentioned above, the portions preserved on the right side indicate

a relatively smooth superolateral coronal profile and anteroposterior horizontal profile, sug-

gesting little development of the parietal eminence.

There is a suggestion of a supralambdoidal flattening in norma lateralis (Fig. 17-2) and

a slight posterosuperior raising of the right parietal bone just anterior of the lambdoid

suture. The flattening, however, is less pronounced than that seen in the juvenile Engis 2

and Subalyuk 2 crania. It is similar to those seen in early modern human juveniles, such as

Předmostí 2 and 6 and Qafzeh 10, as well as the Neandertal La Quina 18. And the raising of

the lambdoid suture from the parietal plane is less than that seen in Předmostí 7, a marked

pattern which presages the pronounced occipital protrusion along the lambdoid suture seen

to varying degrees in several earlier Upper Paleolithic crania, including Brno 2, Cro-Magnon

3, Dolní Věstonice 11, Mladeč 5, Pavlov 1 and Předmostí 1 and 3. Given the variable presence

of occipital buns in all of these Late Pleistocene human samples (Trinkaus and LeMay, 1982;

Smith, 1984) and its normal development early in childhood (Trinkaus and LeMay, 1982),

the pattern present in Lagar Velho 1 and other Late Pleistocene juveniles (archaic and mod-

ern) is expected.

Parietal Thickness

The parietal bones of Lagar Velho 1 are moderately thick but normal for a Late

Pleistocene human. The right bone at the location closest to the eminence provides a thick-

ness of 3.1 mm, whereas the left one provides measurements between 3.0 and 3.5 mm

depending upon small variance in the perceived location of the eminence. As is normal

(Roche, 1953), the bones are thicker near the sutures, providing right and left thicknesses in

the midsagittal suture of 4.9 mm and 5.0 mm and a maximum on the left side near lamb-

da of 5.0 mm.

Late Pleistocene humans have generally thicker cranial vault bones than those of recent

humans (Lieberman, 1996), and this thickening is seen particularly in the Middle

Paleolithic Neandertal and Qafzeh-Skhul samples (Table 17-1), compared to the lower values

for the earlier Upper Paleolithic. The paleontological immature specimens show a steady

increase in thickness with age, as do juvenile recent humans (Roche, 1953), and there is lit-

tle difference between the specimens from the different samples (except for the rather low

values for the older Qafzeh 11 and Předmostí 7 specimens) (Fig. 17-12). The values for Late

Pleistocene immature specimens, as with the adults, remain generally above those for recent

humans (Minugh-Purvis, 1988). The average thickness for Lagar Velho 1 (3.2 mm) is in the

middle of the Late Pleistocene 3 to 6 year old growth trajectory and well above the mean of

2.1 mm (± 0.3) for 4.5 year old recent humans provided by Roche (1953).
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Middle Meningeal Vessel Impressions

Endocranially, most of the parietal surfaces, and all of the frontal bone ones, are devoid

of meningeal vessel sulci. However, there are prominent sulci running vertically along the

coronal suture, for the coronal branches of the middle meningeal vessels. 

On the left side, there is a deep sulcus at pterion along the coronal suture. By 12-13 mm

above pterion on the parietal side of the coronal suture, the sulcus is deep and 3.5 mm wide.

Then, ca.21 mm above pterion, the deep sulcus fades out rapidly to become two thin and

shallow lines continuing parallel to the coronal suture and 1.7 mm and 4.2 mm from the

sutural edge. At the same level, a faint line extends posterosuperiorly for ca.21 mm from the

coronal suture. There is an additional faint line near the middle of the sagittal suture. There

is no evidence of sulci for the posterior branches of the middle meningeal vessel.

On the right side, there is a deep sulcus for the coronal branch of the middle meningeal

vessel that runs alongside the coronal suture for the entire preserved length of the suture (arc:

88 mm) (Fig. 17-13). In the middle of its preserved course, the sulcus is 2.8 mm wide and 3-

4 mm from the edge of the coronal suture. There are two small branches that derive from this

coronal sulcus, one about 29 mm from pterion and the other about 56 mm from pterion.

Both are shallow and ca.1 mm wide and fade out 15-17 mm from the coronal branch. In addi-

tion, there is a shallow and 1 mm wide sulcus, probably for the posterior branch of the mid-

dle meningeal vessel which diverges posterosuperiorly from the region of pterion and extends

in a straight line to the postmortem break of the parietal bone. There is no evidence for a pos-

teroinferior branch on the left parietal bone, where the area is well preserved endocranially.

It is difficult to interpret the morphological affinities of these middle meningeal sulcal

patterns on the parietal bone, given within group variation in branching patterns, asymme-

tries in the patterns, and variation in the impressions made on the bones. However, a gen-

eral Late Pleistocene pattern has emerged (Saban, 1984; Grimaud-Hervé, 1997), in which
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FIG. 17-12 – Parietal thicknesses for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar Velho 1, gray squares:

European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles: Near Eastern

Neandertals, open triangles: Qafzeh-Skhul specimens. 



the Neandertals (in contrast to early modern

humans) are characterized by a dominant

coronal (or anterior) branch, a simple set of

posterior branches, little complexity to the

branches coming off of the anterior branch,

and the frequent presence of a Breschet

sinus near bregma. Preservation of Lagar

Velho 1 does not permit assessment of the

presence of the last feature, but in the other

features it matches the pattern seen among

the Neandertals. Moreover, these patterns are

established by about three years of age with

principally additional anastomoses forming

subsequently during development (Saban,

1981, 1986). Indeed, the 4-5 year old Devil’s

Tower 1 Neandertal, the younger Pech-de-

l’Azé 1, and the older La Quina 18 all exhibit

patterns basically similar in these features to

Lagar Velho 1.

The Occipital Bone

Squamous Portion

The squamous portion of the Lagar Velho 1 occipital bone is preserved principally on

the right side extending slightly past midline. This is complemented by a free-floating left

section with the semispinalis capitis fossa and several pieces attached along the left lamb-

doid and occipitomastoid sutures.

The squamous portion is characterized by an even curve in both the sagittal and hori-

zontal planes (Figs. 17-1 and 17-2). The degree of curvature, as discussed above, is similar to

those of other Late Pleistocene humans. There is little clear demarcation of the nuchal plane,

since the superior nuchal line is not apparent along its entire length (Fig. 17-4). There is a

slight concavity 7 mm right of midline at the presumed level of the superior nuchal line,

which may indicate its original position. In this absence of a superior nuchal line, Lagar

Velho 1 is similar to Mladeč 3, Qafzeh 10 and Skhul 1, although the area is more clearly

demarcated in Engis 2, Předmostí 2 and 6, and Subalyuk 2.

Endocranially, the sulci for the transverse sinuses are well demarcated, as are those for

the sigmoid sinuses on the adjacent temporal and parietal bones. The internal occipital pro-

tuberance is not preserved, so it is not possible to determine the sulcal pattern for the sagit-

tal straight and transverse sinuses at endinion.

Iniac Region

There is no evidence of an external occipital protuberance on Lagar Velho 1. However,

the region of inion is not well preserved (Fig. 17-14), and such a protuberance is absent from

other Late Pleistocene (and most recent) human juvenile crania. It is not possible to deter-
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FIG. 17-13 – Internal view of the right anterior parietal and

posterior frontal bones along the coronal suture, taken

prior to reassembly of the major portions of the

neurocranium. The meningeal sulcus along the coronal

suture and its few branches are evident. Scale in

centimeters.



mine whether such a protuberance would have developed had Lagar Velho 1 survived to

maturity, as in many (especially male) early modern human crania, or not developed one, as

in all known Neandertals and some early modern humans.

Just superior of the level of the superior nuchal line and just to the right of midline,

there is an irregularly oval area of bone which is moderately porous and pitted and consists

in part of a new layer of dense bone laid down on the exocranial surface (Fig. 17-14). The area

is at least 15.5 mm wide (it is broken away medially) and ca.11 mm high. It does not raise up
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FIG. 17-14 – Posterior detailed view of the right nuchal and suprainiac region, showing the suprainiac fossa pitting and the

pronounced right semispinalis capitis fossa. The juxtamastoid region of the right temporal bone and the region of right

asterion are evident on the right. Scale in centimeters.



the adjacent exocranial surface, and the middle of the area is concave along the postmortem

break of the bone. The surface of this oval area of bone is very similar to that seen in juve-

nile specimens with a suprainiac fossa, although such fossae among Neandertal juveniles

are frequently more distinctly concave. This surface morphology is very different from the

smooth surface associated with the absence of a suprainiac fossa.

Suprainiac fossae are present among 100% of adult European Neandertals (N = 16) and

occur as well (although less pronounced on average) among Near Eastern specimens of this

group (Hublin, 1978a; Santa Luca, 1978; Trinkaus, 1983). They are oval in shape, sometimes

double, variable in size and degree of concavity, and associated with the absence of an exter-

nal occipital protuberance. They are usually considered to be one of the most derived and

distinctive morphological features (autapomorphies) of the Neandertals (Santa Luca, 1978;

Hublin, 1978b), emerging during the Middle Pleistocene in Europe and adjacent areas of

Asia (Hublin, 1978b; Dean et al., 1998; Stringer and Hublin, 1999). However, porous or pit-

ted depressions above inion are present among European Upper Paleolithic early modern

humans (Frayer, 1993; Sládek, 2000; Trinkaus, pers. observ.), but they are usually associat-

ed with a prominent external occipital protuberance and are subtriangular in shape.

However, one Late Upper Paleolithic specimen (Rond-du-Barry 8) exhibits a distinct oval

suprainiac fossa, well within the range of variation of Neandertal fossae.

In addition, oval suprainiac fossae are present in several European and western Asian

immature Neandertal specimens from infancy through adolescence, including Amud 7, La

Ferrassie 8, Dederiyeh 2, La Quina 18, Subalyuk 2, Roc de Marsal 1, Engis 2 and Teshik-Tash

1, as well as the late Middle Pleistocene juvenile La Chaise-Suard occipital. However, they

vary in their degree of expression, with some (e.g., Engis 2, La Ferrassie 8 and La Quina 18)

having well developed ones and others (e.g., Subalyuk 2) less well-defined fossae (Tillier,

1983a; Pap et al., 1996). Such a fossa or porous/pitted area is absent from the Skhul 1 and

Qafzeh 11 crania, but an oval area of slightly pitted bone ca.27 mm wide and ca.16 mm high

is present just above inion on the Qafzeh 10 occipital bone. It is not possible to determine

whether they were present on the Předmostí juvenile specimens, but the two immature early

Upper Paleolithic early modern human occipital bones available, Malladetes 1 and Mladeč  3,

lack any trace of a suprainiac fossa.

The morphology of this incomplete suprainiac region on Lagar Velho 1 is therefore very

close to that seen in juvenile Neandertals and contrasts with the available European early

modern human juveniles preserving the region. 

The Nuchal Plane

The Lagar Velho 1 nuchal plane, to the extent preserved, continues the externally con-

vex contour evident throughout the squamous occipital bone. The external occipital crest is

apparent below the level of the inferior nuchal line, but it is little more than a rounded,

slightly raised line between the superior and inferior nuchal lines.

The nuchal plane is most notable for its bilaterally prominent semispinalis capitis fos-

sae (Fig. 17-14). They consist of marked depressions with distinct superomedial borders and

less marked ones laterally and inferiorly, with rugose surfaces within the fossae. These fos-

sae are generally more pronounced and especially more laterally placed in mature

Neandertals than among modern humans (Hublin, 1978a). With the limited comparisons

available, however, the Lagar Velho 1 semispinalis capitis fossae are markedly more similar

to those of the Subalyuk 2 and Engis 2 Neandertals in their size and lateral extent than they
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are to the smaller ones present on Qafzeh 10 and Skhul 1. More directly relevant, the Lagar

Velho 1 pattern contrasts strongly with the Mladeč 3 occipital, on which no trace of the semi-

spinalis capitis fossae is evident. The Malladetes 1 occipital has clear semispinalis capitis fos-

sae, but they meet at the midline and show none of the midline separation or lateral extent

evident on the Lagar Velho 1 occipital bone.

The Foramen Magnum Region

The inferior portion of the Lagar Velho 1 occipital bone consists of a left posteromedi-

al section of the lateral part with the foramen magnum border attached to the nuchal plane,

the posterior portion of the right condyle with the hypoglossal canal (or anteromedial later-

al part), and most of the basioccipital with a portion of the anterior portion of the left condyle

(Chapter 13). None of these pieces join, although mirror-imaging permits joining of the right

condyle to the basioccipital and anterior left condyle, as well as providing a minimum length

for the foramen magnum through the alignment of the left posterolateral foramen border

with the posterior margin of the right condyle (Chapter 22). The observations here, howev-

er, are made only on the separate pieces of the inferior occipital bone.

The posteromedial lateral part with its foramen magnum margin exhibits a partially

fused synchondrosis with the adjacent nuchal plane (sutura intraoccipitalis posterior).
Although broken postmortem and then reglued, the synchondrosis was fused along the 10.4

mm of the inferior exocranial surface, but unfused along 7.4 mm of the endocranial surface

and across most of the cross section of the synchondrosis. This synchondrosis normally

fuses between 3 and 5 years of age, being completely fused normally by age 6 (Redfield,

1970); the partially fused status of it on Lagar Velho 1 is therefore to be expected. Among the

Neandertals, it is fully open on the younger Pech-de-l’Azé 1 cranium, but it is also at least

partially unfused on the older (ca.6 years dentally) La Quina 18 specimen. 

The synchondroses between the lateral and basilar portions of the occipital bone (sutu-
ra intraoccipitalis anterior) are completely open. The well preserved right one (on the lateral

part) is 15.6 mm high and 9.6 mm wide, is concave, and exhibits a deep transverse groove

just dorsal of the middle of the subchondral surface. The groove is fused on the internal and

external sides, but it goes through to the hypoglossal canal in the middle of the surface. The

left surface, on the basilar part, is evenly undulating, ca.15.0 mm high and 8.3 mm wide, and

oriented at 66° to the coronal plane of the bone. These synchondroses normally are com-

pletely fused by about 5-7 years postnatal, but partial fusion can begin earlier (Redfield,

1970). Interestingly, they are still fully open on the dentally aged 6 year old La Quina 18 cra-

nium. The Lagar Velho 1 ones show no sign of fusion.

The sphenooccipital synchondrosis surface is partially preserved on the basilar portion, and

it is completely open, as expected. It measures 15.5 mm transversely and 10.9 mm vertically.

The basioccipital is incomplete but provides details on several aspects. The endocranial

surface is distinctly concave. The inferior (exocranial) surface has a midline pit ca.3 mm pos-

terior of the sphenooccipital synchondrosis, which is bordered bilaterally by clear but low

ridges, the better preserved left one of which is 10.3 mm in length. The midline foramen bor-

der is absent, but continuing the curve of the adjacent border provides a length from the

sphenooccipital synchondrosis to the foramen magnum border (basion) of ca.14 mm.

The right condylar subchondral surface is straight on its lateral side and “S” curved

medially, being concave anteriorly. There is a gentle depression in the middle of the anteri-

or half of the surface. It is 17.2 mm long, maximally 9.3 mm wide.
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The right hypoglossal canal has its largest cross section medially, and then it tapers lat-

erally to be narrowest just medial of the lateral margin. There is a small ridge of bone pro-

truding into the canal anteriorly, associated with the groove evident in the synchondrosis for

the basilar part. The maximum and perpendicular to maximum diameters of the respective

ovals are: medial: 5.5 mm and 4.1 mm; lateral: 5.0 mm and 3.7 mm; minimum: 4.4 mm and

3.7 mm. The last provides an area (using an ellipse formula) of 12.8 mm2. This value is mod-

erately small, being one standard deviation below the mean of a recent human sample [19.0

± 6.9 mm2, N = 48 (Kay et al., 1998)]; two Neandertal and one Qafzeh-Skhul adults all have

areas which are similar and well-within the recent human range of variation. The younger

Pech-de-l’Azé 1 Neandertal provides an area (using an ellipse formula) of 11.6 mm2, where-

as the older Pataud 3 juvenile furnishes an area of only 6.6 mm2. All of them are unexcep-

tional for Late Pleistocene and recent humans.

The posterolateral foramen magnum border exhibits a distinct tubercle just posterior of

the condyle, which is bordered posteriorly by an oblique sulcus. There is then a rounded ele-

vation which continues along the border to the posterior midline. The foramen border is sharp.

The Temporal Bones

Both of the temporal bones of Lagar Velho 1 are preserved, and between them they

retain most of the skeletal portions (Figs. 17-15 to 17-17). The right temporal bone preserves

most of the petrous, mastoid and temporomandibular articulation regions, whereas the left
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FIG. 17-15 – The right temporal bone in approximately norma lateralis. Portions of the right parietal bone, occipital bone and

sphenoid bone are attached. Scale in centimeters.



one preserves the lateral tympanic ring, the mastoid area and much of the squamous por-

tion. The right squamous portion is largely absent, preserving principally the region adja-

cent to the parietal notch. However, the preservation of the squamous suture on the left pari-

etal provides an indication of the overall height and shape of the left side. The left petrous

and zygomatic process base areas are missing. The right side is undistorted, and any distor-

tion from glue joins and the postmortem flattening of the left inferior parietal bone are

unlikely to affect parasagittal dimensions of the squamous portions.

The left malleus was discovered in sieving, and all three of the right auditory ossicles were

in the right petrous portion when discovered. The right incus and malleus fell out during clean-

ing and are preserved separately. The right stapes is firmly attached to the oval window and can

be observed through the large foramen of Huschke (tympanic dehiscence) (Chapter 19).

Ontogenetic aspects

Several aspects of the temporal bone reflect primarily the juvenile developmental age of

Lagar Velho 1. All of the sutures with adjacent bones are completely open, although close fits,

or interdigitations, are evident along the preserved portions of the squamous sutures, the

parietomastoid and occipitomastoid sutures, and around the sutural ossicles in the right pari-
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FIG. 17-16 – The left temporal bone in approximately norma lateralis. Scale in centimeters.



etal notch and at both asterions (see below for discussion of the ossicles). Medially the pet-

rosquamous suture is visible but fused, and the tegmen tympani overlies the squamous part.

The squamomastoid suture is completely obliterated. The anterior tympanic is fused to the

squamous part, but there is a fissure evident all along the anterior portion of the tympanic.

The styloid process is visible within its pit, but it does not project outside of the pit. The

full sheath is not yet developed, but there is a prominent spine along the tympanic crest

(along the posteroinferior margin of the tympanic), projecting maximally to a blunt spine

just anteromedial of the styloid process.
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FIG. 17-17 – The right temporal bone and adjacent occipital and sphenoid bones in inferior view. Scale in centimeters.



The tympanic portion exhibits a large tympanic dehiscence (foramen of Huschke),

measuring 3.0 mm anteroposterior and 4.3 mm mediolaterally (Fig. 17-17). The distance

to the lateral margin of the tympanic, of the breadth of the lateral bridging of the tym-

panic, is 3.8 mm.

The tympanic dehiscence usually fuses over during the first half decade of life (Ars,

1989), but it may remain open into maturity in a significant percentage of recent humans

in some populations (Berry and Berry, 1967). Scored solely as the presence or absence of

a dehiscence (Coqueugniot, 1999), a recent human early juvenile sample exhibits 87.2%

presence of a dehiscence and a pooled recent British sample provides a frequency of 55%

for 4-5 year old children (Humphrey, pers. comm.). Among Late Pleistocene juveniles, all

of the younger juvenile (less than 7 years) Neandertal specimens (N = 8) exhibit a dehis-

cence. However, the older juvenile Neandertals, La Ferrassie 3 and Teshik-Tash 1, are vari-

able in this feature, since the La Ferrassie 3 foramen is fully open. Among adult

Neandertals (N = 10), all of them exhibit complete closure of the foramen of Huschke.

Among early modern humans, two younger Qafzeh-Skhul specimens (Qafzeh 21 and

Skhul 1) exhibit openings, although the older Qafzeh 11 lacks a foramen. Little data are

available for earlier Upper Paleolithic juveniles, but both Mladeč 3 (2-3 years) and Pataud 3

(6-7 years) have complete closure of the foramen. The older Předmostí 7 and 22, as well as

the Cro-Magnon, Dolní Věstonice, Mladeč, Pataud, Pavlov, Vogelherd and (apparently,

from photographs) Předmostí mature crania (N = 15) lack evidence for a foramen; four

Qafzeh-Skhul adults also lack foramina.

However, if the opening is scored in terms of its degree of first its lateral bridging

and then closure of the opening (Dodo et al., 1998), Neandertal immature specimens

show a moderately delayed fusion of the tympanic plate. Lagar Velho 1, with complete lat-

eral bridging but with a still large opening, falls close to Devil’s Tower 1 and at the delayed

closure end of a sample of recent humans. Given the absence or rarity of the persistence

of a foramen of Huschke into maturity among these Late Pleistocene humans, it may well

be that this late persistence of a foramen represents a developmental pattern and not

merely a precursor of the absence of complete fusion of the foramen into adulthood in

these immature individuals.

Finally, the subarcuate fossa is obliterated, forming an adult-sized petromastoid

foramen.

The Squamous Part

There is little of the surface morphology preserved on the Lagar Velho 1 temporal

squamous portions, but it is possible to estimate its height from porion at ca.35 mm and

from the line through the middle of the zygomatic process (Madre-Dupouy, 1992) at ca.29

mm. The length from pterion to the parietal notch is 53.5 mm. The second height versus

the length measure provides an index of ca.54.2. This value is moderately low, being close

to those of Pech-de-l’Azé 1 (46.3) and La Quina 18 (50.5) but well below that of Roc de

Marsal 1 (72.3). However, in a recent human two to five year old sample (Madre-Dupouy,

1992), this index is highly variable (62.5 ± 6.1, N = 20) and not correlated with age within

this age range (r2 = 0.100, P = 0.175). Lagar Velho 1 and two of the three Neandertal chil-

dren have relatively low values for this index, but Roc de Marsal 1 has an almost equally

divergent high value. Comparable data are unavailable for early modern human juvenile

temporal bones.
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The Zygomatic Process

Only the root of the right zygomatic process on the right side is preserved, and it is

slightly less intact on the left side; the anterior arch piece on the left cannot be connected to

the main portion of the temporal bone. The right one is largely horizontal near the auditory

meatus, but it then begins to turn inferiorly as it passes (going anteriorly) the superior point

of the glenoid fossa. It then turns sharply inferiorly at the level of the articular eminence,

with a distinct downward projection of the articular tubercle (ca.3.5 mm below the middle of

the articular eminence). This is accompanied by a marked inferior sloping of the sulcus into

the temporal fossa. Unfortunately, the process is broken off just anterior of the articular

tubercle, so it is not possible to be certain of its orientation more anteriorly. However, in

most specimens, archaic and modern, the process is essentially horizontal from the articu-

lar tubercle to the temporozygomatic suture. 

In lateral view, the midline of the zygomatic process root is in line with the superior

portion of the auditory meatus. In this, it is intermediate between the arrangement seen in

the two juvenile Neandertals (Devil’s Tower 2 and Engis 2), in which the zygomatic root mid-

line is in line with the middle of the meatus, and the configuration of Mladeč 3 and Qafzeh

10, in which the root midline is clearly above the meatus; it is similar to the arrangement in

La Quina 18. The younger Pech-de-l’Azé 1 has the zygomatic root midline above the meatus,

suggesting a developmental “descent” of the process in Neandertals but not in early modern

humans. The arrangement in the Předmostí juveniles is unclear, but their zygomatic root

midlines appear from photographs to be near the superior margins of their meatus.

The inferior sloping of the sulcus into the temporal fossa has been noted to be more

vertical in Neandertal adults than among early modern humans (Elyaqtine, 1995), presum-

ably related to the more inferior position of the zygomatic arch relative to the auditory mea-

tus in these archaic humans. The degree of differentiation of this feature in juvenile speci-

mens is unclear. Three juvenile Neandertals (e.g., Devil’s Tower 1, Engis 2 and La Quina 18)

have more vertically oriented sulci than early modern specimens such as Mladeč 3 and

Qafzeh 10, but the younger Pech-de-l’Azé 1 has a more horizontal sulcus similar to recent

human specimens. The downward sloping of the sulcus in Lagar Velho 1 may either repre-

sent an intermediate position between these two samples, falling within the range of over-

lap of these Late Pleistocene samples, or part of the normal variability of immature

Neandertal and early modern human temporal bones.

The Temporomandibular Region

The Lagar Velho 1 glenoid fossa is entirely on the temporal bone, with the tem-

porosphenoid suture located distinctly medial of the medial fossa wall, the common pattern

among Late Pleistocene humans. The fossa itself on both sides is also located principally on

the squamous portion, since the fossa is separated from each anterior tympanic wall by a dis-

tinct postglenoid process, and there is a space between a vertical line descending from the

postglenoid process and the anterior wall of the tympanic.

The more complete right glenoid fossa is evenly rounded anteroposteriorly, and it is

moderately deep relative to a line between the articular eminence and the postglenoid

process. The resultant subtense is 4.7 mm; in this measure it is greater than the younger

Pech-de-l’Azé 1 (2.3 mm), larger than the similarly aged Devil’s Tower 1 and Engis 2

Neandertals (3.2 mm and 2.9 mm) and similar to the older Qafzeh 10 early modern human
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(ca.5.0 mm). However, this measurement is influenced by the relative heights of the post-

glenoid process and the articular eminence, and it is variable among mature specimens (the

latter due in part to degrees of dental attrition) (Hinton, 1979; Trinkaus, 1983). 

The articular eminence is evenly rounded and blends smoothly on to the anteroinferi-

or surface of the temporal bone adjacent to the temporosphenoid suture. There is a slight

angulation between the articular eminence and the anterior wall of the glenoid fossa.

The Auditory Meatus and Adjacent Area

The right auditory meatus of Lagar Velho 1 forms a distinct oval oriented anterosuperi-

or to posteroinferior. Its maximum and minimum diameters are 8.6 mm and 5.0 mm. The

left meatus only preserves the lateral margin of the tympanic bone, but it exhibits the same

shape and has diameters of 8.2 mm and 5.1 mm; it is therefore undistorted or minimally so.

Both Neandertal and early modern human meatus vary from subcircular to oval in cross sec-

tion, in both immature and mature individuals (Trinkaus, 1983). However, when ovoid, the

Neandertal ones have their long axes posterosuperior to anteroinferior (Vallois, 1969;

Trinkaus, 1983), whereas early and recent modern humans with ovoid meatus have them

oriented in the manner seen in Lagar Velho 1. The Neandertal orientation of the oval (when

present) is clearly evident in La Quina 18, whereas the modern human orientation is present

in Mladeč 3, both indicating that these patterns emerge early in development.

The tympanic bone is relatively thin along its anteroinferior lateral margin, but it thick-

ens markedly inferiorly and posteroinferiorly to reach a maximum thickness of 4.0 mm on

the right side and 4.7 mm on the left side. Similar thicknesses are commonly observed on

recent and Late Pleistocene immature tympanic margins (Robinson, 1995).

The suprameatal triangles of Lagar Velho 1 are large, and each one has a distinct pit

located posterosuperior of the meatus. The right one is elongated anterosuperior to pos-

teroinferior, 4.1 mm by 2.2 mm, and exhibits three tiny foramina in the floor of the pit. The

left one is similarly located and oriented, 3.9 mm by 1.8 mm, and has one large foramen

within it. Both of them show small amounts of new bone formation on the lateral bony sur-

face, just to the anteroinferior of the pit.

Directly superior of the meatus there is little swelling of the bone and an absence of a

distinct supramastoid crest.

The Petrous Region

In inferior view, the Lagar Velho 1 tympanic and petrous portions appear to be largely

in line with each other. Following the technique of Chamla (1956) with the angular apex at

the vaginal process, the bone yields a petrotympanic angle of ca.173° (approximate given

minor damage to the medial end of the petrous portion). When compared to adult speci-

mens, this angle would appear to align Lagar Velho 1 clearly with recent modern humans,

whose sample means vary from ca.159° to ca.175° (Chamla, 1956; Robinson, 1995); a mixed

global sample provides a mean of 162.5° ± 4.9° (N = 444) (Robinson, 1995). It would also

place it at the upper end of a small sample of earlier Upper Paleolithic specimens (144° ±

12°, N = 6), whose values lie close to those published (Chamla, 1956; Vallois, 1969;

Robinson, 1995) for Neandertals and other late archaic humans. However, few if any of the

Neandertal specimens for whom values are provided by Vallois (1969) are sufficiently com-

279

chapter 17 | THE CRANIAL MORPHOLOGY



plete medially to accurately locate the axis from the vaginal process to the medial petrous

process (Trinkaus, pers. observ.). Moreover, the persistence of the foramen of Huschke in

most immature Neandertal specimens makes determination of the lateral (tympanic) axis

difficult. At the same time, the Subalyuk 2 juvenile has a straight alignment of the tympan-

ic and petrous portions (Pap et al., 1996) and a similar pattern is seen in the younger Pech-

de-l’Azé 1 and the older Teshik-Tash 1 crania. The La Quina 18 temporal bone provides an

angle between 160° and 170°, as does the Mladeč 3 specimen. The older La Ferrassie 3 tem-

poral bone provides an angle most likely between 145° and 155°, more similar to the adult val-

ues of Late Pleistocene humans.

It is therefore unclear whether this open petrotympanic angle of Lagar Velho 1 is a fea-

ture of recent humans or merely a juvenile configuration characteristic of all of these Late

Pleistocene and recent human groups. The angle apparently distinguishes it from both

Neandertals and early modern humans to the same degree, but it may well be merely a

reflection of the juvenile age of the specimen.

The posterior petrosal surface is bordered superiorly by a sharp petrosal margin, for the

attachment of the tentorium cerebelli. It flares slightly posteriorly over the sigmoid sinus

groove, but mostly it is prominent medially of the sigmoid sinus. The opening of vestibular

aquaduct, on the middle of the posterior petrosal surface, is more vertical than horizontal.

The groove for the sigmoid sinus is well-developed, and the associated jugular fossa is 8.4

mm wide but relatively shallow. The petromastoid foramen is located close to the superior

petrosal margin, but there is no clear subarcuate fossa or depression medial to the arc of the

anterior semicircular canal. There is also no distinct sulcus for the superior petrosal sinus,

although there is a hint of one just lateral of the petromastoid foramen. The arcuate emi-

nence for the anterior semicircular canal is readily apparent, just anterior of the superior pet-

rosal margin. It is a raised linear ridge, ca.6 mm long, flat on top with a rounded peak.

Overall, the arcuate eminence rises ca.4 mm above the petrosal crest. There is a marked pit

anteromedial of the opening for the cochlear aquaduct.

The right stylomastoid foramen is in direct line with the mastoid sulcus (or digastric

groove), and the base of the styloid process is along a continuation of this line (or slightly

medial of directly anterior of the stylomastoid foramen). In this configuration, Lagar Velho

1 is similar to the majority of recent human children of a similar developmental age

(ca.75%); it is in contrast with 100% of juvenile Neandertals (N = 8) and 50% of Skhul-

Qafzeh juveniles (N = 4) who exhibit a process medial of the stylomastoid foramen

(Coqueugniot, 1999). 

The Mastoid and Juxtamastoid Region

The entire mastoid region is preserved on the right temporal bone, including the adja-

cent occipital bone along most of the occipitomastoid suture. On the left side, the bone is

similarly well preserved, although only a small portion of the adjacent occipital bone,

descending from asterion, remains. The mastoid air cells are exposed endocranially on the

left side, due to crushing and complete loss of the associated petrous portion. Except for triv-

ial details of the surface configurations, the two sides are highly symmetrical.

The mastoid processes are rounded and laterally evenly bulbous. Their anterior mar-

gins are slightly concave posterior of each auditory meatus, descending from each distinct

suprameatal triangle and the associated pits. In lateral view, the anterior margins then round

convexly and smoothly onto the inferior extents of the processes. Each of them has a sug-
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gestion of a slight concavity along the posteroinferior margin, but primarily they extend in

relatively straight, if slightly convex, lines posterosuperiorly towards their limits near the

occipitomastoid sutures below asterion (actually close to the inferior margins of the sutural

ossicles at each asterion). 

On their lateral surfaces, there is a clear but not pronounced marking of each mastoid

line or crest for sternocleidomastoideus extending to the tip of each process. There is no evi-

dence of an anterior mastoid tubercle on either of them. Superiorly and posterosuperiorly

there is a broad and shallow sulcus separating the mastoid process from the supramastoid

area, but there is no evidence of the temporal line or associated swelling (such as an angu-

lar torus) above the mastoid region.

On the right posterior mastoid process, there are two round foramina at the vertical

level of the middle of the auditory meatus. On the left posterior mastoid process, there is one

round foramen at the same level as the two right ones. There is an additional left foramen

just posterosuperior of the round one, descending vertically obliquely (similar to diaphyseal

nutrient foramina) down into the mastoid process from near the parietomastoid suture; it

forms a sulcus 2.5 mm wide and 11.3 mm long.

The mastoid processes of Lagar Velho 1 extend inferiorly well below the adjacent audi-

tory meatus, projecting almost twice as far vertically from porion. In this, they exceed the

degree of projection seen in Mladeč 3 and Qafzeh 10 and 11, but they are similar to those of

Předmostí 2 and 22 (that of Předmostí 7 also projects beyond its auditory meatus, but dam-

age precludes knowing the extent of that projection). In Engis 2, the diminutive mastoid

process has its tip at about the level of its inferior meatus, as does that of Subalyuk 2.

However, the mastoid process tip of Devil’s Tower 1 is well below its meatus. Pech-de-l’Azé

1 is highly asymmetrical in this feature, with its right side following the pattern seen in Engis

2 and Subalyuk 2, and its left side having a larger and more projecting mastoid process. La

Quina 18 follows the pattern seen in Devil’s Tower 1, the left side of Pech-de-l’Azé 1, Qafzeh

10 and 11. 

However, in its degree of lateral bulbousness, rounding and inferior projection, the

closest parallel to the Lagar Velho 1 mastoid configuration is that seen in the Gravettian

Předmostí 2 and 22 specimens. Indeed, it is often the degree of lateral swelling, outside of

the coronal contours of the parietal bones, rather than height, which distinguishes early

modern human mature mastoid processes from those of the Neandertals. Yet, the degree of

this lateral projection of the mastoid process is also developmentally dependent, since it is

not yet present in the Mladeč 3 temporal bone despite occurring in the older Předmostí spec-

imens.

The vertical height of the mastoid process, from the Frankfurt plane [or perpendicular

to the Frankfurt plane from porion, MDH of Howells (1973)] is ca.18 mm on each side. This

value is large for a four year-old child, whether Late Pleistocene or recent. Juvenile

Neandertal crania provide values of 9 mm and 12 mm for Pech-de-l’Azé 1, 9 mm and 10 mm

for Engis 2, 11.5 mm for Subalyuk 2, 14 mm for Devil’s Tower 1, and 15.5 mm for La Quina

18. Qafzeh 10 and Skhul 1 provide values of 15.5 mm and 13 mm respectively. The younger

Mladeč 3 has a value of 8-10 mm, and the slightly older Upper Paleolithic Kostenki 3 and 4,

Pataud 3, and Sunghir 2 and 3 specimens provide values of 12 mm, 15 mm, ca.12.5 mm, 12.5

mm and 16 mm respectively. It is only the older Teshik-Tash 1 and Qafzeh 11 late juvenile /

early adolescent specimens which have mastoid heights in the vicinity of Lagar Velho 1, since

they both provide heights ca.20 mm. However, the 6-7 year-old Předmostí 2 cranium, on the

basis of the published photograph scaled to neurocranial length (Matiegka, 1934), had a mas-

toid height between 20 and 25 mm, and the 9-10 year-old Předmostí 22 cranium, similarly

281

chapter 17 | THE CRANIAL MORPHOLOGY



estimated, had a mastoid height ca.18-20 mm. A sample of recent human children ca.4-5

years of age provides a mean of only 11.6 mm (10.1 - 14.5 mm, N = 7) (Minugh-Purvis, 1988),

similar to the Late Pleistocene specimens and below the Lagar Velho 1 value. The mastoid

height of Lagar Velho 1 is therefore very large for its developmental age, but it appears to have

been within the range of variation of European early Upper Paleolithic children.

Medial to the Lagar Velho 1 mastoid processes are deep and broad mastoid sulci, or

occipital grooves. The right sulcus has a small and short (ca.6 mm long) rounded crest with-

in the sulcus medial of the mastoid process. Medially, the floor of the sulcus rises up onto a

much larger juxtamastoid eminence, which is continuous mediolaterally across the occipit-

omastoid suture. In the preserved portion, immediately posterior of the mastoid process tip

and rising up towards asterion, the peak of this crest lies on the occipital bone.

Unfortunately, the lateral occipital bone along the suture immediately medial of the mastoid

process tip is lost, so that the degree of development of the process at the level of the mas-

toid tip is not known; it would have been minimally at the level of the mastoid process tip

and conceivably slightly below it. 

On the left side, there is a larger crest within the mastoid sulcus (8.6 mm long), but its

inferior edge has been lost to abrasion. Conservative reconstruction of the missing edge

places the inferior extent of this crest at the level of the mastoid process tip. There is an addi-

tional crest, homologous to the larger one on the right side, along the occipitomastoid

suture. In the region of the mastoid process, it is preserved only on the temporal bone.

Providing a contribution similar to the right side of the occipital bone would make its infe-

rior extent on the left similar to that of the left mastoid process.

Consequently, the crests medial to the Lagar Velho 1 mastoid processes are similar in

height relative to the Frankfurt plane to the mastoid processes, or ca.18 mm. This value is

above those of juvenile Neandertal specimens (7 mm, 11 mm, 13.5 mm and 15.5 mm for

Pech-de-l’Azé 1, Engis 2, Subalyuk 2 and Devil’s Tower 1 respectively) and similar to the

value (ca.17 mm) for the slightly older La Quina 18 cranium. It is well above those for the

similarly aged Mladeč 3 (10 mm), Skhul 1 (12.5 mm) and Qafzeh 10 (15 mm) temporal bones

and greater than that of the slightly older Pataud 3 temporal bone (ca.12.5 mm). The late

juvenile Předmostí 22 cranium provides an estimated value of 14-15 mm. It is only with the

much older Teshik-Tash 1 (ca.20 mm) and Qafzeh 11 (23 mm) specimens that the values for

the juxtamastoid height exceed those of Lagar Velho 1. None of the temporal bone of

Malladetes 1 is preserved, but on the occipital bone there is no trace of a juxtamastoid emi-

nence, constrating with the configuration preserved on the right side of the Lagar Velho 1

occipital bone. Lagar Velho 1 therefore has unusually inferiorly projecting juxtamastoid emi-

nences for a child of its developmental age; it is closest to either similarly aged Neandertals

or much older early modern humans. 

The mastoid and juxtamastoid region of Lagar Velho 1 therefore presents an unusual

combination of features. The mastoid process of Lagar Velho 1 contrasts with those of the

Neandertal and Qafzeh-Skhul juveniles, plus Mladeč 3, principally in being laterally bul-

bous, as opposed to following more closely the contours of the posterolateral neurocranium.

Yet, it is relatively larger and more inferiorly projecting than those seen in these Middle

Paleolithic juvenile specimens. It is probably most closely approximated by some of the

Předmostí specimens, with Předmostí 2 and 22 providing similar height measurements (or

approximate ones), and Předmostí 7 and 22 appearing to have had similarly bulbous mas-

toid processes. At the same time, the juxtamastoid eminence is large and projecting for a

juvenile Late Pleistocene specimen, its height being matched or exceeded only slightly by

older Neandertals or by early modern human specimens at least twice its age.
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Sutures and Sutural Bones

The Lagar Velho 1 neurocranium preserves the right and left coronal sutures except in

the region of bregma, most of the left squamous suture but only fragments of the right one,

the sagittal suture along the middle and posterior parietal bones, most of the left lambdoid

suture on the parietal bone with fragments of it on the occipital bone, small pieces of right

lambdoid suture, and most of the parietomastoid and occipitomastoid sutures on both sides.

As is to be expected in a juvenile, all of them are fully open and only the coronal suture

exhibits tight interlocking of the interdigitations. It is unclear how tightly interlocked were

the two sides of the sagittal or lambdoid sutures at the time of death. The parietomastoid and

occipitomastoid sutures fit closely together.

The coronal suture is unremarkable morphologically; the two sides arc evenly, and there

is a complete absence of sutural bones along the preserved portions. The sagittal suture, how-

ever, is gently convex to the right along its posterior half, and it exhibits two and possibly

three sutural bones extending anteriorly from lambda (Fig. 17-1). There was a large one (or

set of smaller ones, ca.18 mm anteroposterior and ca.24.5 mm mediolateral) next to lambda

and within the posteromedial corner of the right parietal bone; it is not preserved and is indi-

cated by the sutures which surround the opening. Anterior of it is a similarly sized one (ca.16

mm anteroposterior and ca.28 mm mediolateral), also principally within the outline of the

right parietal bone. The line of sutures anterior of the more anterior sutural bone suggest that

a third one might have been present within the area of bone which is now missing.

Associated with these posterior sagittal sutural bones are two smaller ones within the

left lambdoid suture just lateral of lambda (Fig. 17-4). The more medial one measures 19

mm anteroposteriorly and 10.5 mm mediolaterally, and its medial side is located 16 mm lat-

eral of lambda. The more lateral one is 19.5 mm anteroposteriorly and 9 mm mediolateral-

ly. In addition, there are two isolated sutural bones; they measure approximately 18 by 16

mm and 18 by 11 mm. On the basis of their open interdigitations, they most likely derive

from the lambdoid suture. It is also probable that there was an additional sutural bone near

the lateral portion of the left lambdoid suture; the free-floating piece of left superior nuchal

plane with the semispinalis capitis fossa has a remnant of suture at its lateral end near its

endocranial sulcus for the transverse sinus. However, anatomically that suture cannot be

positioned sufficiently laterally to meet the lambdoid suture, indicating some form of sutur-

al bone must have filled the space.

The occipitomastoid sutures are unremarkable except for the bilateral presence of

sutural bones at asterion. The right suture is irregularly convex posteriorly, whereas the left

one is evenly convex posteriorly. In each side, there is a subrectangular sutural bone which

fits into a notch in the posterosuperior temporal bone. The right one is 15 mm high and 11.7

mm wide, whereas the left one is 13.8 mm high and 11.6 mm wide. Once in place, their supe-

rior and posterior surfaces continue the normal lines of the parietomastoid and occipito-

mastoid sutures, indicating that they form portions of the temporal bones.

The right parietomastoid suture extends horizontally from the parietal notch of the

temporal bone to asterion, rising slightly in its middle section above the mastoid process.

The left parietomastoid suture is more irregular, but overall it slopes inferiorly as it goes pos-

teriorly to asterion. It has been asserted (Tattersall and Schwartz, 1999) that a horizontal

parietomastoid suture is a distinctive Neandertal trait (see also Alcobé, 1958). However, both

a horizontal and a posteriorly sloping suture are common among recent humans and

Neandertals. Among mature European Neandertals (N = 9) 77.8% have the more horizontal

suture, whereas among immature Neandertals, Devil’s Tower 1, Engis 2, La Ferrassie 3, La
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Quina 18, Subalyuk 2 and Teshik-Tash 1 have the largely horizontal suture and Pech-de-

l’Azé 1 has a sloping one. The two Qafzeh immature specimens exhibit a posteriorly sloping

suture (Qafzeh 10) and a horizontal one (Qafzeh 11). Among early Upper Paleolithic speci-

mens, the majority have a posteriorly sloping suture (88.9%, N = 9), but among juvenile

specimens Mladeč 3 and Předmostí 22 have horizontal sutures whereas Pataud 3 and

Předmostí 6 and 7 have downward sloping ones. The asymmetry of this suture on Lagar

Velho 1 makes it intermediate despite the apparent shift in the distribution of this feature

among the Late Pleistocene reference samples.

The right parietal notch also exhibits a (formerly present, now absent) sutural bone,

indicated by the preserved sutures on the right temporal bone and parietal fragments. It

measured ca.14 mm high and 5 mm wide, and extended into the parietal bone. The left pari-

etal notch is well preserved and has no evidence of a sutural bone.

The posterior neurocranial sutures therefore exhibit a host of sutural bones, minimal-

ly two in the sagittal suture, four in the lambdoid suture, two at asterion and one in a pari-

etal notch (Fig. 17-4). Two more may have been present. At the same time, the preserved

middle of the sagittal suture and the lateral coronal sutures exhibit none. Although this

number appears to be elevated, ossicles at lambda are present in Předmostí 5 and 7 and the

latter exhibits sutural ossicles in the middle lambdoid suture and apparently in the left pari-

etal notch. Malladetes 1 exhibits sutural ossicles bilaterally at asterion and in the lambdoid

suture. Sutural ossicles appears to be relatively uncommon among earlier Upper Paleolithic

adults, but some specimens (e.g., Cro-Magnon 3) have an abundance along the lambdoid

suture. Similar lambdoid sutural ossicles are known from Neandertal adults (Trinkaus,

1983, pers. observ.) and were apparently present on Subalyuk 2. In addition, several

Neandertal mature crania (e.g., La Chapelle-aux-Saints 1, La Ferrassie 1 and 2, Guattari 1, and

La Quina 5) exhibit sutural bones at asterion and, less frequently, in the parietal notch. Such

sutural ossicles at lambda, asterion and the parietal notch are listed as normal cranial dis-

crete trait variants by Berry and Berry (1967) and occur in frequencies up to 28%, 19% and

11% respectively in recent human populations. Ossicles within the lambdoid suture com-

monly occur in frequencies between 50% and 60% in recent human samples. The number

of sutural ossicles in Lagar Velho 1 is therefore high but by no means exceptional.

The Zygomatic Bone

The right zygomatic bone preserves two pieces which do not join, the inferolateral

orbital margin and the frontal process. The former is biconvex anteriorly and biconcave on

its orbital margin. The orbital margin is rounded, similar to that seen in Qafzeh 10 and

(probably, given damage) Engis 2. It contrasts with the sharp margin evident in Pech-de-

l’Azé 1 and La Quina 18.

The frontal process (Fig. 17-11) is notable primarily for its anteroposterior thickness and

the large size of its superior cross section. The lateral surface is broad and minimally con-

vex. There is a single foramen in the inferior middle of the surface. The minimum antero-

posterior diameter in its inferior portion is 10.1 mm. Estimation of the maximum thickness

from the orbital margin, given damage to the posterior margin, would provide it with a thick-

ness of ≥10.5 mm. This value is above those of Pech-de-l’Azé 1 (average: 9.3 mm), Roc de

Marsal 1 (average: 8.9 mm), Engis (9.3 mm) and La Quina 18 (9.8 mm), and it is especially

above that of the older Qafzeh 10 (7.8 mm). Le Figuier 1 provides a thickness of 9.2 mm.

This anteroposterior thickness combines with the large cross section near the frontozygo-
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matic suture, an archaic human feature (Smith and Ahern, 1994), in providing Lagar Velho

1 with a rather robust and archaic lateral orbital region.

The orbital margin is evenly anteriorly concave, with an angle between the lateral and

orbital surfaces of ca.60°. The margin is rounded superiorly and becomes sharper inferiorly. The

temporal fossa surface is deeply concave mediolaterally. The temporal crest is abraded superior-

ly, but the concavity of the inferior portion suggests that it projected clearly posteriorly. 

The right zygomatic bone therefore suggests a robust lateral facial skeleton. In addition

to being similar to archaic humans in this region, it contrasts with the impressions provid-

ed by the lack of a clear temporal line on the frontal and parietal bones and the lateral supra-

orbital thickness. 

The Lateral Maxilla

A small fragment of the lateral alveolar bone of each maxilla with the buccal sides of the

buccal root sockets for each dm2 is preserved. They are notable for the strong lateral curvature

of the preserved bone at the level of the dm2 root apices, indicating that the middle of the ante-

rior root of the zygomatic arch was at the anteroposterior level of the dm2. Since the antero-

posterior position of the anterior zygomatic root is a reflection of the degree of midfacial prog-

nathism in mature Late Pleistocene specimens (Trinkaus, 1983, 1987), this fragment might

provide information regarding the degree of midfacial projection in Lagar Velho 1.

Among Late Pleistocene adults, the midfacially prognathic Neandertals have anterior

zygomatic roots in the region of the M2/M3 interdental septum (Trinkaus, 1987), whereas

early modern humans have them anterior of M2 (Szombathy, 1925; Matiegka, 1934;

McCown and Keith, 1939; Vallois and Billy, 1965; Vandermeersch, 1981; Trinkaus, pers.

observ.). Among juvenile Late Pleistocene specimens, however, there is only a suggestion of

this differentiation. Juvenile Neandertals exhibit anterior zygomatic roots principally in the

region of dm2/M1 (Engis 2, La Quina 18, Roc de Marsal 1 and Subalyuk 2), although the

younger Pech-de-l’Azé 1 has it above the dm2 and Devil’s Tower 1 exhibits it above the M1.

The few preserved juvenile early modern humans exhibit them in either a similar position

(Qafzeh 10 at the dm2/M1) or more anteriorly (Předmostí 2 and 7 and Le Figuier 1 at the

dm2). The three late juvenile / early adolescent specimens (Předmostí 22, Qafzeh 11 and

Teshik-Tash 1) all have their anterior zygomatic roots above the M1. These observations sug-

gest, but are insufficient by themselves to confirm, that reflections of the marked midfacial

prognathism of the Neandertals were beginning to be apparent relatively early in develop-

ment (contra Tillier, 1983b; but see Franciscus, 1995; Maureille and Bar, 1999; Krovitz,

2000; Ponce de León and Zollikofer, 2001). The Lagar Velho 1 position approximately above

the dm2 is therefore within the range of variation of all of these samples, even though it

makes a better match for the slightly more anterior position of the anterior zygomatic root

seen especially in the two Předmostí juvenile specimens.

Summary

The neurocranial remains of Lagar Velho 1, although incomplete, provide morphologi-

cal data on several aspects of facial morphology and especially of neurocranial morphology.

What emerges from this is a complex mix of features, particularly in the context of earlier

Upper Paleolithic European human evolution. A couple of aspects of the cranium are clear-
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ly derived features of early modern humans; these features include the parietal sagittal cur-

vature, relative neurocranial breadth, the supraorbital shape, the shape and orientation of

the external auditory meatus, and the lateral bulbousness of the mastoid process. In addi-

tion, the position of the anterior zygomatic root on the maxilla is closer to the early modern

pattern than to the Neandertal one. At the same time, the configuration of the semispinalis

capitis fossae, the prominence of the juxtamastoid eminence and the robusticity of the zygo-

matic bone align it with the Neandertals, whereas the incipient suprainiac fossa, the degree

of supraorbital robusticity, the meningeal sulcus pattern, the vertical position of the posteri-

or zygomatic root, and possibly the delayed fusion of the foramen of Huschke all place it

closer to the Neandertals. This cranial mosaic is further elaborated by the patterns evident

in the internal temporal morphology and the midfacial skeleton (Chapters 18 to 21). 
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chapter 18 | The Bony Labyrinth 
❚ FRED SPOOR ❚ FRANCISCO ESTEVES ❚ FLORBELA TECELÃO SILVA ❚ ROSA PACHECO DIAS ❚ 

Introduction

The Lagar Velho 1 cranial remains include the well-preserved petrous portion of the

right temporal bone. Located inside is the bony labyrinth, which houses the sense organs for

the perception of sound in the cochlea, and of movement and spatial orientation in the

vestibule and semicircular canals. Comparative studies of extant and extinct primates have

shown that the bony labyrinth tends to show a consistent, species-specific morphology,

which has a potential in assessing the phylogenetic affinities of fossil specimens (Spoor et

al., 1994; Hublin et al., 1996; Spoor and Zonneveld, 1998). Of particular interest here,

Hublin et al. (1996) and Spoor et al. (n.d.) identified a number of morphological characters

of the labyrinth that distinguish Neandertals from both modern humans and Homo erectus.
Hence, studying the labyrinth of Lagar Velho 1 may help establish whether this specimen

represents a morphological mosaic between modern humans and Neandertals. In this con-

text it is useful that the bony labyrinth reaches adult size and shape long before birth, so that

Lagar Velho 1 can be compared directly with adult specimens. Moreover, the labyrinth may

constitute a better representation of the genotypic make-up of the individual than do most

other skeletal parts, because postnatal influences on the morphology by environmental or

behavioral factors are minimal or absent.

Hublin et al. (1996) observed that, on average, the Neandertal labyrinth has anterior

and posterior semicircular canals with smaller arc sizes than are seen in modern humans,

whereas the lateral canal is larger-arced. Furthermore, it is characterized by a markedly infe-

riorly positioned posterior semicircular canal relative to the plane of the lateral canal (Figure

18-1c). In extant and extinct hominoids, the position and size of the posterior canal appear

to be correlated interspecifically: the larger the canal the more inferiorly it is positioned.

Neandertals, on the other hand, do not follow this trend, and they show an inferiorly posi-

tioned but relatively small posterior canal. Subsequently, these findings have been con-

firmed for a larger Neandertal sample (Spoor et al., n.d.), with the observation that there is

some degree of morphological overlap with modern humans that was not shown by Hublin

et al. (1996)’s initial sample (see also Thompson and Illerhaus, 1998; Ponce de León and

Zollikofer, 1999).

The problem with attempts to assess hybrid morphology in the case at hand is that sta-

tistical testing will only provide a definitive result in a few situations. In practice, four out-

comes can be envisaged, given that there is a degree of overlap between modern human and

Neandertal labyrinthine morphology: 

1. The Lagar Velho 1 labyrinth is distinctively modern human-like and does not fall in

the zone broadly between modern human and Neandertal means. 

2. It is distinctively Neandertal-like and statistically significantly different from modern

humans.

287

chapter 18 | THE BONY LABYRINTH



3. It is broadly between modern human and Neandertal means, anywhere within mod-

ern variation and tending towards the Neandertal pattern, including the actual over-

lap zone.

4. It is significantly different from, and not morphologically between, modern human

and Neandertal morphologies.

Only outcome 2 will support the concept of the specimen being a hybrid. Outcome 3

may intuitively be perceived as the likely hybrid morphology, but if the null hypothesis that

Lagar Velho 1 is a modern human is not rejected it should not necessarily be seen as sup-

porting hybrid status. A complication is that modern human variation of the bony labyrinth

is only known adequately for Holocene populations. Although Lagar Velho 1 can be com-

pared with a small Upper Paleolithic sample, it is unlikely that this will result in statistical-

ly meaningful conclusions.

Materials And Methods

The Lager Velho 1 bony labyrinth is compared with a sample described in detail in

Spoor et al. (n.d.). It consists of 54 Holocene human crania, 15 Neandertals (Dederiyeh 1,

Forbes’ Quarry 1, Devil’s Tower 1, La Chapelle-aux-Saints, La Ferrassie 1, 2 and 3, Le

Moustier 1, La Quina 5 and 27, Pech-de-l’Azé 1, Petit-Puymoyen 5, Spy 1 and 2, and Tabun

1) and four Upper Paleolithic specimens (Cro-Magnon 1, Abri Pataud 1 and 3, and Laugerie

Basse 1). The Holocene human specimens are geographically diverse, and their regions of

origin and collection numbers are listed in Appendix 5.1 of Spoor (1993).

The labyrinths were qualitatively and quantitatively analyzed on the basis of cross-sec-

tional images obtained with computed tomography (CT), following the procedures described

in Spoor and Zonneveld (1995). The CT scans of the right Lagar Velho 1 temporal bone were

made with a Picker PQ 5000 scanner (Curry Cabral Hospital, Lisbon), using an exposure of

68 mAs at 120 kVp tube voltage. They were made in the sagittal plane, and in a transverse

plane parallel with the arc of the lateral semicircular canal, with a slice thickness of 1 mm

and a slice increment of 0.5 mm. The images were reconstructed with a field of view of 50

x 50 mm (matrix 512 x 512), resulting in a pixel size of 0.1 mm. CT scanning parameters of

the comparative sample are similar (Spoor and Zonneveld, 1998; Spoor et al., n.d.), except

for the images of the Le Moustier 1 specimen, which were kindly provided by B. Illerhaus

and J. Thompson and have an isotropic voxel size of 0.1 mm (Thompson and Illerhaus,

1998). Three-dimensional reconstructions of the labyrinths in Figure 18-1 were made with

Voxel-man, University of Hamburg (Höhne et al., 1995).

Measurements were taken from the CT scans to the nearest tenth of a millimeter, fol-

lowing the method and definitions described in Spoor and Zonneveld (1995). The radius of

curvature (R) of each semicircular canal arc was calculated by taking half the average of the

height and width measurements (Fig 18-1a; Spoor and Zonneveld, 1995: ASCh, ASCw,

PSCh, PSCw, LSCh, LSCw). These absolute radii of curvature were used to calculate relative

radii by taking the radius of each canal as a percentage of the sum of all three. Furthermore,

two measurements (Fig 18-1a: SLIs, SLIi) were taken to calculate the sagittal labyrinthine

index (SLI), which expresses the percentage of the posterior semicircular canal that is locat-

ed inferiorly to the plane of the lateral semicircular canal (SLIi / [SLIs+SLIi] x 100).

Differences between Lagar Velho 1 and the means of the three human groups were

compared using ANOVA and pair-wise t-tests, using a Bonferroni adjustment for multiplic-
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ity based on the number of comparisons made for each sample rather than on the total num-

ber of comparisons (i.e. significance level divided by 3 instead of 6; see Milne and

O’Higgins, 2002). In a multivariate analysis the squared Mahalanobis distances (D2)

between the three groups of humans and Lagar Velho 1 were calculated based on the seven

variables ASCh, ASCw, LSCh, LSCw, PSCh, SLIs and SLIi. The width of the posterior canal

(PSCw) was not included, as this measurement is similar to the sum of the measurements

SLIs and SLIi. Hotelling and Steerneman tests (Van Vark, 1984) were used to assess the sta-

tistical significance of the D2 values and of differences between two D2 values, respectively.

Description And Comparisons

The bony labyrinth of the Lagar Velho specimen is well preserved and completely air-

filled. Figure 18-1b shows a lateral view that was reconstructed from the sagittal series of CT

scans, together with similar views of the Forbes’ Quarry 1 Neandertal and a representative

modern human labyrinth.

The radii of curvature of the semicircular canals are listed in Table 18-1. As observed

previously (Hublin et al., 1996; Spoor et al., n.d.), Holocene humans have absolutely and rel-

atively larger anterior and posterior canals and a smaller lateral canal than Neandertals. The

larger canals of Holocene humans are particularly striking if it is considered that body mass,

which is positively correlated with canal size, is lower in Holocene humans than it likely was

in Neandertals (Spoor, n.d.). Like Holocene humans, the Upper Paleolithic humans have a

relatively smaller lateral canal, and Lagar Velho 1 has a relatively larger anterior canal than

the Neandertals, but other differences are not statistically significant. The one typical feature

of the Lager Velho 1 labyrinth is that the posterior canal is small, both in absolute size, and

relative to the anterior canal (Table 18-1; Figure 18-1). Nevertheless, the absolute size is not

significantly different from any of the three comparative samples, and even though modern

humans and Neandertals tend to have more similarly-sized anterior and posterior canals

than Lagar Velho 1, unequal sizes do occur in both as well. Among Upper Paleolithic

humans this morphology is shown by Abri Pataud 1 and to a lesser extend Abri Pataud 3

(Spoor et al., n.d.).

289

chapter 18 | THE BONY LABYRINTH

FIG. 18-1 – Lateral views of the right bony labyrinths of a) a representative Holocene human, b) Lagar Velho 1, and c) Forbes’

Quarry 1, a specimen that expresses the Neandertal features particularly well. The radius of curvature of the anterior

semicircular canal (ASC-R) is indicated, together with the measurements of the sagittal labyrinthine index (SLIs, SLIi; see

Spoor and Zonneveld, 1995 for details). The labyrinths are aligned according to the planar orientation and the level of their

lateral semicircular canals (long line). Scale bar on the top right is 5 mm. 



Table 18-1
The radii of curvature (R) of the anterior (ASC), posterior (PSC) and lateral (LSC)
semicircular canals given in millimeters, their relative size in per cent (%R: sum of
the three radii is 100%), and the sagittal labyrinthine index (SLI) in per cent. 

ASC PSC LSC ASC PSC LSC SLI

R R R %R %R %R

ANOVA * ** *** *** *** *** ***

Holocene (54) mean 3.22 3.15 2.26 37.3 36.5 26.2 51.0

min 2.6 2.3 1.9 34 32 23 34

max 4.0 3.9 2.8 41 40 31 69

SD 0.25 0.30 0.21 1.3 1.8 1.9 7.0

Upper Paleolithic (4) mean 3.27 3.05 2.51 37.1 34.5 28.4 41.6

min 3.1 2.8 2.4 36 33 27 33

max 3.4 3.3 2.7 39 36 29 54

SD 0.13 0.23 0.12 1.1 1.2 1.0 8.9

Neandertals (15) mean 3.02 2.88 2.61 35.5 33.8 30.7 64.7

min 2.6 2.5 2.3 34 30 28 53

max 3.4 3.4 2.9 39 36 32 76

SD 0.22 0.25 0.16 1.3 1.4 1.1 6.1

Lagar Velho 1 3.0 2.5 2.2 39 32 28 55

H – N * ** *** *** *** *** ***

U – N – – – – – ** ***

U – H – – – – – – *

L – H – – – – – – –

L – U – – – – – – –

L – N – – – * – – –

The statistical significance is given for pair-wise comparisons of Holocene modern humans (H), Upper Paleolithic 

modern humans (U), Neandertals (N) and Lagar Velho 1 (L). For each sample the level of significance is adjusted for

multiplicity (-, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001; levels for individual comparisons 0.05/3, 0.01/3

and 0.001/3 respectively) .

The SLI values, listed in Table 18-1, show that Neandertals have a posterior canal that is

more inferiorly-positioned relative to the plane of the lateral canal than in the Holocene and

Upper Paleolithic human samples (Hublin et al., 1996; Spoor et al., n.d.). The value

obtained for the Lagar Velho 1 labyrinth is closest to the Holocene human mean, but it is not

significantly different from any of the three human groups. 

Table 18-2 lists the squared Mahalanobis distances (D2) between Lagar Velho 1 and the

three groups of the comparative sample. D2 values based on two principal components high-

light the difference of the Neandertal labyrinth from that of Holocene and Upper Paleolithic

humans. D2 values involving Lagar Velho 1 are statistically not significant. The only other D2

values that discriminate between the groups are those based on all (seven) principal compo-

nents. The D2 values between Lagar Velho 1 and both the Holocene and Upper Paleolithic

sample are again not significant. In contrast, the value between Lagar Velho 1 and

Neandertals is significant, and close to the distance between Upper Paleolithic humans and

Neandertals. Indeed, the distance comparisons indicate that the Upper Paleolithic sample is

significantly closer to Lagar Velho 1 than to the Neandertals.
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Table 18-2
Squared Mahalanobis distances (D2) between Holocene modern humans (H),
Upper Paleolithic modern humans (U), Neandertals (N) and Lagar Velho 1 (L),
based on two and seven principal components. 

Two principal components Seven principal components

U 0.1 U 8.2***

L 3.6 3.9 L 10.4 10.2

N 7.9*** 7.4* 3.4 N 12.3*** 22.5*** 19.9**

H U L H U L

H-U < H-N *** U-H < U-N **

H-U < U-N * U-L < U-N *

Statistical significance of the D2 values is given, as well as those differences between D2 values that are statistically 

significant. *, P < 0.05; **, P < 0.01; ***, P < 0.001 (all other combinations are not significant).

Discussion And Conclusions

The bony labyrinth of Holocene and Upper Paleolithic modern humans differs from

that of Neandertals, but individual distinguishing features show a degree of overlap. Lagar

Velho 1 shares with Holocene modern humans a larger relative anterior canal size than

Neandertals, but for the other features the specimen is not significantly different from the

three groups with which it is compared. In the multivariate statistical analyses no morpho-

logical distance calculated between Lagar Velho 1 and either Holocene or Upper Paleolithic

humans is significant. In contrast, Lager Velho 1 does differ from the Neandertal labyrinth,

to approximately the same extent, as does the Upper Paleolithic labyrinth. Despite this clear

pattern of affinities, tests assessing whether Lagar Velho 1 groups more closely with modern

humans than with Neandertals do not reach statistical significance. The univariate compar-

isons suggest that this is because individual features of Lagar Velho 1’s labyrinthine mor-

phology largely fall in the area of overlap between the two groups, whereas the small fossil

sample sizes restrict discriminative power of the statistical tests.

In conclusion, the labyrinth of Lagar Velho 1 can be comfortably accommodated with-

in the range of modern human variation. Although individual features tend to fall within the

range of overlap with Neandertal variation, the entire morphological complex can best be

characterized as modern human-like. This outcome of the analyses corresponds to option 3

described in the introduction. Hence, considered in isolation the evidence from the

labyrinth is inconclusive with respect to the question whether Lagar Velho 1 is entirely mod-

ern human, or, as a possible hybrid, shares some genetic and morphological affinities with

Neandertals. 

A limiting factor in this study is that it is entirely unknown how hybridization between

any two mammalian species impacts the morphology of the inner ear area. Moreover, the

number of Upper Paleolithic modern human specimens included here is particularly small,

whereas it is this group, rather than Holocene humans, to which Lagar Velho 1 should be

compared (Chapter 16). Hence, an increased Upper Paleolithic sample could reveal subtle

differences from Holocene humans, and such data would facilitate a more informative

analysis of the Lagar Velho 1 bony labyrinth.
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Addendum

Spoor et al. (n.d.) describe four additional features that distinguish the Neandertal

labyrinth from that of Holocene humans. These are an anterior semicircular canal arc nar-

row in width compared to its height, and showing more torsion, a posterior canal less high

relative to its width, and a more inclined (i.e. upright) ampullar line connecting the anterior

and posterior ampullae. The Lagar Velho 1 labyrinth has shape indices (height over width)

of 92 and 111 for the anterior and posterior canal, respectively, the torsion of its anterior

canal is 20°, and the angle of the ampullar line relative to the plane of the lateral canal is 35°.

These values are not significantly different from either the Holocene human or Neandertal

sample means reported in Spoor et al. (n.d.). Hence, these additional data do not alter the

conclusions regarding the phylogenetic affinities of the Lagar Velho 1 specimen. 
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chapter 19 | The Auditory Ossicles
❚ FRED SPOOR ❚ 

The right malleus, incus and stapes of Lagar Velho 1 were found in the tympanic cavi-

ty of the right temporal bone. Sieving of sediments produced the left malleus. Both mallei

are fully intact without any evidence of pathology or postmortem damage (Figures 19-1a, b,

c, d). Some encrustations remain on the left malleus, but these do not obscure the mor-

phology. The right incus is complete, with the exception of the long process that lacks the

lentiform process and an unspecified section of its distal end (Figure 19-1e, f). The right

stapes is complete and remains inside the right temporal bone in its natural position in the

oval window, most likely kept in place by calcite deposits. The stapes could therefore not be

investigated in any detail.

Morphometric comparisons of the Lagar Velho 1 mallei and incus could be made with

a large sample of Holocene human specimens (Heron, 1923; Arensburg et al., 1981), with

the Gravettian specimens Dolní Věstonice 14 and 15 (Lisoněk, 1992), the early modern

human specimens Qafzeh 4a and 11 (Arensburg and Nathan, 1972; Arensburg and Tillier

1983), and the Neandertals La Ferrassie 3 (Heim, 1982b) and Le Moustier 1 (Ponce de León

and Zollikofer, 1999). Comparisons between adult and immature specimens can be made

directly because the ossicles attain their adult size and shape well before birth (Anson and

Donaldson, 1981). The measurements discussed below follow Arensburg et al. (1981). 

It should be noted that the total width

of the incus is taken as the maximum

distance between the tip of the short

process to the superior border of the

articular facet for the malleus, as

shown in Figure 1 of Arensburg et al.

(1981), and not to the inferior border

as is mentioned on page 203 of that

study (B. Arensburg, pers. comm.).

The linear dimensions of the Lagar

Velho 1 specimens were taken with

digital calipers under a binocular

microscope, and the angles were taken

from digital photographs (Figure 19-1)

using Osiris 4.0 (University of Ge-

neva). Measurements of the La Fer-

rassie 3 ossicles combine values

reported by Heim (1982b) and ones

taken from a scaled photograph in that

study (Heim, 1982b: Figure 24). It

should be noted that the reported

malleus length of 8.3 mm differs sig-

nificantly from a value of 9.0 mm indi-
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FIG. 19-1 – The Lagar Velho ossicles. Left malleus, a) posterior aspect, b)

anterior aspect; right malleus, c) posterior aspect, d) anterior aspect;

right incus e) medial aspect, f) lateral aspect. Scale bar is 5.0 mm.

a c

e

b d

f



cated by the photograph. When this study was made the La Ferrassie 3 ossicles were not

available for inspection (E. Trinkaus, pers. comm.), and the latter value is used here because

all other measurements given by Heim (1982b) confirm that the scale bar of the photograph

is accurate. All comparative measurements are given in Tables 19-1 and 19-2.

The Mallei

The left and right Lager Velho 1 mallei are very similar, and the measurements taken do

not differ more than 0.1 mm and one degree. The overall size of the Lager Velho 1 mallei, as

expressed by the total length, is close to the mean of the Holocene human sample, as is the

length of the Dolní Věstonice 14 specimen. The Neandertal La Ferrassie 3 malleus, on the other

hand, is large, and just outside the range reported for Holocene humans. The width of the head

of the Lager Velho 1 mallei is less than the Holocene human mean, but well within the report-

ed range. The Dolní Věstonice and Qafzeh specimens are similar to the Holocene human

mean, and the La Ferrassie 3 specimen has a slightly wider head. The manubrium lengths of

all fossil specimens are well within the Holocene human range, with Lagar Velho 1 just below,

and La Ferrassie 3 just above, the Holocene human mean. Relative to the total malleus length,

the manubria of both Lagar Velho 1 and La Ferrassie 3 are shorter than the Holocene human

mean, but well within that range of variation. All fossil mallei, including the Lagar Velho 1 spec-

imens, show an angle between the manubrium and the head-neck that is more extended than

the mean value in Holocene humans, but all are within the range of variation. This angle

affects the measurement of the overall malleus length, and thus the relative manubrium length

as well, but in practice this effect is marginal. Reducing the Lagar Velho 1 angles by 10 degrees

to match the Holocene human mean, while keeping the manubrium and head-neck lengths

similar, results in a reduction in overall malleus length of less than 0.1 mm.

Table 19-1
Comparative measurements of the malleus in millimeters and degrees, as defined
in Arensburg et al. (1981). Sources of data indicated in the text.

total length head width manubrium manubrium/total angle

length length x 100

Lagar Velho 1 8.0, 7.9 2.2, 2.3 4.3, 4.2 54, 53 149, 148

(right, left)

La Ferrassie 3 9.0 2.7 4.8 53 150

Qafzeh 11 >7.3* 2.5 >3.5* >48* 155

Dolní Věstonice 14 7.9 2.5 4.6 58 –

Recent humans

mean 8.00 2.47 4.67 57.2 139.3

range (N) 7.0-8.9 (105) 2.1-3.1 (107) 3.6-5.8 (104) 50-71 (56) 122-157 (102)

* distal end of manubrium eroded

The Incus

The long process of the Lager Velho 1 incus lacks the lentiform process that articu-

lates with the stapes. Its distal end has a slightly roughened but regular bone surface, with

a shallow pit in the center of the tip. This morphology clearly contrasts with postmortem
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breakage, as is demonstrated by the marked difference from a small area on the posteri-

or side of the tip where a chip of surface bone is missing. The surface texture of the tip

suggests a bone-cartilage interface or strong bone resorption. However, neither is expect-

ed given that the ossification of the incus is normally completed prenatally, and that

resorption occurs with advancing age and follows a different pattern than strictly at the tip

(Lanningan et al., 1995). Further study is needed to assess whether this morphology re-

presents abnormal development, pathological erosion or any other process. The incus

does not show the notch that is present in the inferior surface of the short process of

Qafzeh 4a and 11 and Le Moustier 1 and is regularly seen in modern human specimens

(Arensburg and Nathan, 1972; Arensburg and Tillier, 1983; Ponce de León and Zollikofer,

1999).

Table 19-2
Comparative measurements of the incus in millimeters and degrees, as defined in
Arensburg et al. (1981). Sources of data indicated in the text.

length width width/length angle incus/malleus

(long process) (short process) x 100 length x 100

Lagar Velho 1 >5.8** 4.8 <83** 90 >73**

(right)

La Ferrassie 3 7.2 5.1 71 53 80

Le Moustier 1 6.8 4.9 72 63 –

Qafzeh 4a 6.4 4.8 75 87 –

Qafzeh 11 6.8 5.1 75 94 <93*

Dolní Věstonice 14 7.1 5.5 77 108 90

Dolní Věstonice 15 6.4 4.1 64 115 –

Recent humans 

mean 6.49 5.18 79.9 94.4 82.4

range (N) 6.0-7.1 (50) 4.2-5.8 (99) 71-86 (44) 68-122 (99) 75-93 (32)

* distal end of manubrium eroded

** distal end long process missing

The preserved length of the Lagar Velho 1 incus falls just below the Holocene human

range, suggesting that it would have been within the range when compensating for the miss-

ing distal part of the long process. However, it is impossible to determine how much is miss-

ing. The Dolní Věstonice 14 incus and both Neandertal incudes are long, falling at or just

above the Holocene human range. The incus width, i.e. length of the short process, of the

fossil specimens are within the Holocene human range, with the exception of Dolní Věsto-

nice 15 which has a particularly small width. The Lagar Velho 1 incus is just below the

Holocene mean. The incus width-to-length indices of both the Neandertal specimens and

Dolní Věstonice 15 stand out, the former because of their great length, the latter because of

its small width (i.e. short short process). As preserved, the proportions of the Lager Velho 1

incus are within the Holocene human range. About 1 mm would have to be added to the

long process tip to obtain a width-to-length index similar to that of the Neandertals. In the

Lager Velho 1 and Qafzeh incudes the angle between the long and short processes, mea-

sured between their inferior margins, is close to the Holocene human mean. The Dolní

Věstonice specimens show wider angles, i.e. their processes are more spread, but the values

are well within the Holocene human range. The two Neandertal incudes stand out by hav-

ing a particularly narrow angle that is well outside the Holocene human range. Comparing
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the length of the incus to that of the malleus, the index value for Lagar Velho 1 is low, but

compensating for the missing long process tip would likely bring it within the Holocene

human range. La Ferrassie 3 is close to the Holocene human mean because both the malleus

and incus are long.

Conclusions

Based on this initial analysis, the Lagar Velho 1 mallei and incus cannot be distin-

guished from modern human ossicles, either quantitatively or qualitatively. Neandertals

may be distinguished from modern humans by differences in size and shape of the malleus

and incus (Heim, 1982b; Ponce de León and Zollikofer, 1999), although a larger sample

than the two Neandertal specimens would be required to come to definitive conclusions. Of

the potentially distinguishing characters, the Lagar Velho 1 specimens do not show the large

malleus size and the narrow incus angle of Neandertals, whereas the length and relative

width of the incus cannot be assessed.
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chapter 20 | The Midfacial Morphology

❚ ROBERT G. FRANCISCUS ❚ 

The midface of Lagar Velho 1 preserves portions of both the left and right maxillae and

most of the left nasal bone. There are no direct contact points between the two maxillae.

There is, however, clear contact between the left nasal bone and left maxilla. Midline posi-

tioning of the left maxilla using the complete medial aspect of the adjoined left nasal bone

allows several midfacial breadth measures to be reliably reconstituted. Additionally, bilater-

al features of the piriform aperture and inferolateral orbital margins allow the superoinferi-

or alignment of the two maxillae, and thus, observations and measurements of vertical

dimensions to be taken. In combination, these alignments allow a reasonable reconstruction

of major aspects of the midfacial skeleton in Lagar Velho 1. Conjoining surfaces of the left

nasal bone and the left maxilla were documented and described prior to rejoining the two

elements. There is no evidence for pathological or traumatic alteration to any of the midfa-

cial bones. Comparative specimen and sample composition details for this chapter are pro-

vided in Table 20-1. 

Table 20-1
Comparative sample for assessment of the Lagar Velho 1 midfacial skeleton.

Sample Specimen Age (yrs) Developmental Principal source of 

age source nasofacial data

European ATD6-69 10.0 - 11.5 (1) (12)

Middle Pleistocene Krapina 45.1 6.0 -7.0 (2) (13)

Krapina 47 9.0 - 10.0 (2) (13)

European Pech-de-l’Azé 1 2.0 -2.5 (3) (14,15)

Neandertals Roc de Marsal 1 2.5 - 4.0 (4) (13)

Subalyuk 2 3.0 (3) (13)

Devil’s Tower 1 5.0 (3) (14,16)

Engis 2 5.0 - 6.0 (3) (13)

La Quina 18 6.0 - 7.0 (3) (13)

West Asian Amud 7 0.75 (5) (13)

Neandertals Dederiyeh 1 2.0 (6) (6)

Teshik-Tash 1 8.0 - 10.0 (3) (13) (cast)

Tabun B1 11.0 - 12.0 (7) (13)

Qafzeh-Skhul Skhul 1 4.5 (7) (7)

Qafzeh 4 6.0 - 8.0 (8) (13)

Qafzeh 10 6.0 (8) (8)

Qafzeh 11 12.0 - 13.0 (8) (13)

North Africa Tangiers 1 9.0 (7) (13)

European Mladeč 3 2.0 - 5.0 (7) (7)

Earlier Upper Kostenki 3 6.0 - 7.0 (7) (7)

Paleolithic Prědmostí 22 9.0 - 10.0 (7) (17)

Kostenki 4 10.0 (7) (7)

Sunghir 3 10.0 - 11.0 (7) (7)

Sunghir 2 11.0 - 12.0 (7) (7)

Prědmostí 7 12.0 (7) (17)
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Table 20-1 [cont.]
Sample Specimen Age (yrs) Developmental Principal source of 

age source nasofacial data

European Le Figuier 1 5.0 (7) (13)

Late Upper Mas d’Azil 6.0 - 12.0 (9) (13)

Paleolithic Pataud 3 5.5 - 6.5 (7) (13)

Montgaudier 3 8.0 - 12.0 (10) (13)

Farincourt 3 <12.0 (9) (13)

St. Germain La Rivière 7 3.0 - 6.0 (9) (13)

Laugerie-Basse <11.0 (9) (13)

Rochereil 3 <6.0 (9) (13)

Arene Candide 6 2.5 - 4.0 (9) (13)

Recent Europe: n=20 3.0 - 5.0 (4) (4)

Humans Europe: n=3-4 3.0 - 10.0 (8) (8)

Europe: n=39-41 5.0 - 10.0 (8) (8)

Europe: n=2 3.0 (9) (9)

Africa: n=1 3.0 (11) (9)

References:  1. Bermúdez de Castro et al. (1997) • 2. Radovčić et al. (1988) • 3. Tillier (1988) • 4. Madre-Dupouy (1992) • 

5. Rak et al. (1994) • 6. Dodo et al. (1998) • 7. Minugh-Purvis (1988) • 8. Tillier (1999) • 9. Franciscus (current study) • 

10. Gambier (1986b) • 11. A. Schultz collection, Zurich • 12. Arsuaga et al. (1999) • 13. Franciscus (1995) • 14. Franciscus

(n.d.) • 15. Ferembach et al. (1970) • 16. Maureille and Bar (1999)• 17. Matiegka (1934)

Maxillae

Left Maxilla - Anterior View (Fig. 20-1)

The left maxilla retains all of the frontal process including the maxillofrontal and naso-

maxillary sutures, the inferomedial orbital margin, and a small portion of the medial infra-

orbital region. The inferomedial orbital margin is complete from dacryon to a point medial

of zygoorbitale that is 18.3 mm in linear length and ca.20 mm in arc length. There is a sin-

gle foramen located inferiorly on the frontal process equidistant between the orbital and

nasomaxillary margins. 

The lateral margin of the piriform

aperture is well preserved, very sharp, and

complete for 9.0 mm inferior to the most

inferior nasomaxillary suture point. The

area of the junction of the inferior naso-

maxillary suture point with the superior

most point of the lateral piriform aperture

margin is uniform and lacks the inner

crest/outer margin discontinuity that is

frequently present at this point in Homo
on both fossil and recent adults and

subadults1 (Table 20-2). By aligning both

left and right maxillae using the inferior

conchal crests as reference points, it is

clear that the left lateral piriform aperture

margin is complete almost to its full

extent, although the inferolateral corner

and inferior narial margin are missing.
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FIG. 20-1 – Left maxilla with left nasal bone, and right maxilla in

anterior view in approximate anatomical position.



A small portion of the medial infraorbital region is present, complete to the most

medial aspect of the infraorbital foramen (see lateral view below); it measures 14.3 mm

mediolaterally (from the most inferior extent of the nasomaxillary suture point) at its

widest extent. There is a moderate degree of anterior eversion of the frontal process, the lat-

eral piriform aperture and nasomaxillary suture area. This mild eversion results from an

even curvature of the inferomedial orbital border to the medial edge of the frontal process

rather than a sharply angled configuration. Lagar Velho 1 does not exhibit the pronounced

frontal process eversion (sagittal alignment) found in similarly aged Neandertals such as

Roc de Marsal 1, Subalyuk 2 and Engis 2, or the slightly older La Quina 18 child; however,

it is not as paracoronally oriented (i.e., non-everted) as in Qafzeh 102. The deepest point of

this mildly everted region also lacks the distinct furrow (or in some cases an elevated rugos-

ity) that sometimes runs parallel to the frontal process lateral to the margin in both fossil

and recent human subadults and adults. The entire region is smooth and featureless in

Lagar Velho 1.

Table 20-2
Piriform aperture discrete trait configuration1

Lateral margin Narial Nasal Floor

Inner crest /Outer Margin Margin (stage)

age (yrs) Right Left

Lagar Velho 1 4.5 - 5.0 absent absent 7 sloped/bilevel?

ATD6-69 10.0 - 11.5 – present? 3 level (1)

Krapina 45.1 5.0 - 6.0 – – 3 –

Krapina 47 9.0 - 10.0 – – 3 sloped (2)

Amud 7 0.75 – – 1 –

Roc de Marsal 1 2.5 - 4.0 present present 5 bilevel (3)

Subalyuk 2 3.0 present present 5 bilevel (3)

Engis 2 5.0 - 6.0 present present 5 bilevel (3)

La Quina 18 6.0 - 7.0 present/mild – 5 bilevel (3)?

Teshik-Tash 1 8.0 - 10.0 present – 1 –

Tabun B1 11.0 - 12.0 – – 5 bilevel (3)

Qafzeh 4 6.0 - 8.0 – – 4 bilevel (3)

Qafzeh 11 12.0 - 13.0 – – 4 level (1)

Tangiers 1 9.0 – – 3,72 sloped (2)

Arene Candide 6 2.5 - 4.0 present/mild present/mild 3,72 bilevel (3)

St. Germain La Rivière 7 3.0 - 6.0 – – 7 –

Le Figuier 1 5.0 – – 7 –

Pataud 3 5.5 - 6.5 – – 7 –

Rochereil 3 <6.0 – – 7 bilevel (3)

Mas d’Azil 6.0 - 12.0 – – 1,72 bilevel (3)

Montgaudier 3 8.0 - 12.0 – present/mild – level (1)

Laugerie Basse <11.0 – – 42 level (1)

Farincourt 3 <12.0 – – 7 sloped (2)

Notes 

1. see text and footnote 1 for explanation of traits

2. crests ill-defined
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Left Maxilla - Lateral View (Fig. 20-2)

In lateral view, the area anterior to the

maxillary sinus is broken along a sagittal

section through the inferomedial infraor-

bital area. From this view, the superior por-

tion of the sagittal cross section (the area

directly inferior to the infraorbital rim) is

thick and rounded. Directly inferior to the

thick, rounded section, there is a much thin-

ner outer table to the maxillary sinus, whose

edge is curved in a mediolateral (coronal)

plane, evident from an anterior view. This

indicates that at least the most medial aspect

of the infraorbital foramen surface (from an

anterior view) is present; however, the infra-

orbital canal is not present. Therefore, the

bulk of the infraorbital surface area where

the canine fossa would occur, if present, is

not preserved. Infraorbital plate orientation

is best evaluated in the area inferior to the

entire infraorbital foramen and the area

slightly lateral to this point along the zygo-

maxillary suture. Nonetheless, some general

characterization is possible. Even though

there is slight anterior eversion of the frontal

process and lateral piriform aperture (see

above), the medial infraorbital plate of Lagar Velho 1 is predominantly in a paracoronal plane

in a horizontal transect. This results in a curved or slightly angulated two-plane transverse

configuration that is usually found in the infraorbital region of early modern and recent

Homo, indeed, in all non-Neandertal Homo. The Neandertal transverse infraorbital configu-

ration in comparably aged specimens, in contrast, is oriented in a more sagittal plane, even

this far medially. Moreover, the Neandertal infraorbital plane lacks an inflection, and it is

instead aligned along a relatively straight transect. It is not possible to evaluate the orienta-

tion of the infraorbital plate in the sagittal plane (i.e., vertical in Neandertals, and inferopos-

teriorly inflected in modern humans) as this manifests further laterally in the cheek region

than what is preserved for Lagar Velho 1.

The least distance between the inferior most nasomaxillary point and the infraorbital

rim is 9.7 mm in Lagar Velho 1 (Table 20-3). This is considerably shorter than the average

of 17.4 mm for three Neandertal subadults (Roc de Marsal 1, La Quina 18, and Teshik Tash

1), but very close to the average of two Late Upper Paleolithic subadults (Montgaudier 3 and

Arene Candide 6) at 9.7 mm, and two recent comparative specimens at 9.5 mm. Even the

youngest of the three Neandertals for this comparison (Roc de Marsal 1) is considerably

larger in this dimension, which reflects both the degree of projection of the superolateral

piriform aperture from the facial plane at the level of the orbits, as well as the degree of hor-

izontality of the nasal bridge in the transverse plane (see medial view). Neandertal adults

also exhibit unusually large values for this measurement relative to fossil and recent Homo
(Franciscus, unpublished data).
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Table 20-3
Orbital and piriform aperture measurements1

NLB NLH NI% PAH PI% DKB INMP NLB%

45 55 45/55 55.1 45/55.1 49a 57.3/45

Lagar Velho 1 17.42 33.02 52.7 21.42 81.3 20.42 9.7 69.0

ATD6-69 28.0 – – – – 25.0 – –

Krapina 47 30.02 – – – – – – –

Pech-de-l’Azé 1 19.5 36.5 53.4 – – 23.0 – –

Roc de Marsal 1 21.9 40.9 53.5 20.2 108.4 24.53 15.1 73.1

Subalyuk 2 19.0 – – – – – – 85.3

Devil’s Tower 1 24.03 – – – – 24.5 – –

Engis 2 20.42 – – – – 24.5 – –

La Quina 18 22.4 48.3 46.4 28.4 78.9 – 19.0 84.4

Le Fate 1 – – – – – 26.0 – –

Teshik-Tash 1 31.0 45.2 68.6 28.5* 108.8 24.2 18.0 87.1

Tabun B1 >29.02 – – – – – – –

Skhul 1 – – – – – 24.03 – –

Qafzeh 10 21.5 41.3 52.1 – – 23.43 – –

Qafzeh 11 23.4 42.4 55.2 – – 25.03 – –

Mladeč 3 – – – – – 20.0 – –

Kostenki 3 20.5 – – – – – – –

Předmostí 22 24.3 40.5 60.0 – – 24.0 – –

Kostenki 4 – – – – – 27.0 – –

Sunghir 3 25.0 – – – – 22.5 – –

Sunghir 2 22.2 – – – – 24.9 – –

Předmostí 7 29.03 – – – – 25.0 – –

Arene Candide 6 16.0 31.0 51.6 – – – 6.6 81.9

Le Figuier 1 19.1 32.7 58.4 – – – – –

Pataud 3 – – – – – 22.0 – –

Rochereil 3 17.7 34.1 51.9 – – – – –

Mas d’Azil 20.02 – – – – – – –

Montgaudier 3 19.02 44.5 42.7 29.2 65.1 21.0 12.7 –

Farincourt 3 28.4 – – – – – – –

Recent European 17.7 31.4 56.4 19.8 89.4 – 9.3 79.7

Recent African 18.9 38 49.7 22.0 85.9 – 9.6 73.0

Recent Europeans 1 19.4 ± 1.6 35.7 ± 3.0 54.5 ± 3.3 – – 19.3 ± 2.1 – –

Recent Europeans 2 19.7 ± 3.5 41.3 ± 6.9 – – – – – –

Recent Europeans 3 21.0 ± 1.2 40.5 ± 2.6 – – – – – –

Notes 

1. NLB = nasal breadth; NLH = nasal height; NI% = nasal index; PAH = piriform aperture height; PI% = piriform aperture

index; DKB=interorbital breadth; INMP=least distance between inferior nasomaxillary point and lower orbital margin;

NLB% (INBW/NLB) = piriform aperture shape; numbers refer to Martin numbers (Bräuer, 1988).

2. Midline distance doubled.

3. Minor estimation required.
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Left Maxilla - Medial View (Fig. 20-3)

The medial (internal) aspect of the frontal process is missing ca.12.0 mm of the supe-

rior surface inferior to the maxillofrontal suture exposing underlying cancellous bone. The

internal wall of the maxilla is intact below this point between the edge of the lacrimal canal

to the piriform aperture margin mediolaterally, and inferiorly to 5.3 mm below the crest for

the inferior turbinate. At its widest, the preserved medial surface is 11.6 mm in anteropos-

terior width.

The crest for the inferior nasal turbinate is present, although it is not as strongly

defined as on the right side. It has both horizontal (anterior portion) and vertical (posterior

portion) components, although the horizontal component is slightly more pronounced. 

A single foramen is located inferior to the horizontal component, and there is also a small

vertically aligned shallow depression anterior to the conchal crest. 

A single superoinferiorly oriented groove is evident superior to the conchal crest in the

posterior third of the medial surface under low power microscopy. This groove likely rep-

resents the synostosed premaxillary suture. There is also a groove inferior to the conchal

crest that likely represents the continuation of the premaxillary suture. Both of these

grooves are very faint and completely synostosed. Maureille and Bar (1999) have docu-

mented that the premaxillary suture viewed from the medial (internal) aspect remains

patent in 100% of available Neandertals aged 2-6 years of age both superior and inferior to

the conchal crest (Table 20-4). In contrast, in recent humans, there are no cases of unfused

premaxillary sutures superior to the conchal crest after birth, and only very low frequencies

(9.5-21.6%) of unfused sutures inferior to the conchal crest in subadults between 2-6 years

of age. Based on the left maxilla, Lagar

Velho 1 is therefore consistent with the pat-

terning of early premaxillary suture synos-

tosis found in recent humans and different

from that observed in Neandertals. Whether

delayed synostosis of the internal premaxil-

lary suture is present in pre-Neandertal

Homo is currently unknown (Maureille and

Bar, 1999).

From this view (and prior to attaching

the nasal bone), it is possible to see the

nasomaxillary suture edge along the frontal

process. This sutural edge measures 19.1

mm, and it allows an accurate measure of

maximum nasal bone length even though

portions of this length are missing from the

nasal bone (see below). The nasomaxillary

sutural edge is thin anteroposteriorly indi-

cating a nasal bone with a correspondingly

thin lateral edge. 

This view (prior to attaching the nasal

bone) also shows a relatively vertically ori-

ented nasomaxillary suture in the trans-

verse plane, rather than the more horizon-

tally oriented configuration that is present
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FIG. 20-3 – Left maxilla with left nasal bone in medial view.



in Neandertal subadults Roc de Marsal 1, and especially Subalyuk 2 and Engis 2. This, along

with the relatively small value for the least distance between the inferiormost nasomaxillary

point and the infraorbital rim documented above for Lagar Velho 1 (lateral view; Table 20-3)

indicates that the nasal bridge of Lagar Velho 1 would not have been as prominent and ele-

vated as in comparably aged Neandertals, and instead, it is closer to that seen in early mod-

ern and recent subadults.

Table 20-4
Premaxillary suture patency frequency1

Recent Recent Recent Lagar  Lagar Neandertals 

0-6 yrs 2-6 yrs 4-6 yrs Velho 1 Velho 1 2-6 yrs

Location (N=247) (N=53) (N=21) Left Right (N=2-5)

Superior to crista conchalis (SCC) 0.0 0.0 0.0 absent – 100

Inferior to crista conchalis (ICC) 52.3 21.6 9.5 absent trace 100

Floor of nasal fossa (FNF) 59.7 29.4 38.1 – trace? 75

ICC+FNF 46.3 15.7 9.5 – trace? 66.6

Note 

1. All comparative data from Maureille and Bar (1999). All values are percentages.

Left Maxilla – Posterior View

The lacrimal groove forming the anterior portion of the lacrimal canal is intact along its

entire length; maximum length of the groove is 20.8 mm, maximum width is 6.1 mm, and

maximum depth is ca.2.5 mm. The lacrimal canal is not roofed over posteromedially3. The

anteromedial most tip of the developing maxillary sinus is exposed directly inferior to the

lacrimal groove; maximum height of the sinus is 9.2 mm, maximum width is 8.5 mm, and

maximum anteroposterior depth from where it is broken away is ca.4.0 mm.

Right Maxilla – Anterior View (Fig. 20-1)

Unlike its left counterpart, the right maxilla does not retain the frontal process, but it is

more complete inferiorly extending to include the inferolateral corner of the piriform aper-

ture, including a portion of the inferior narial margin. The lateral piriform aperture margin

below the level of the inferior nasomaxillary point is largely complete, missing only the supe-

rior most section. It is very sharp along its entire superoinferior length, which is recon-

structed to be ca.9.0 mm (identical to its left counterpart). As in its counterpart, the lateral

piriform aperture margin lacks the inner crest/outer margin discontinuity that is variably

present at this point in Homo on both fossil and recent adults and subadults (see footnote 1

and Table 20-2). 

A small portion of the medial infraorbital region is present but does not extend lateral-

ly to the infraorbital foramen; it measures 13.0 mm mediolaterally at its widest extent. 

A small portion (9.8 mm) of the inferomedial orbital margin is present. There are two small

foramina located between the orbital and piriform aperture margins. There is a moderate

degree of anterior eversion of the lateral piriform aperture area that is gently, rather than

sharply, everted. As in its left counterpart, this mild eversion results from an even curvature

of the inferomedial orbital border to the medial edge of the frontal process, rather than a
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sharply angled configuration. As in the left side, Lagar Velho 1 does not exhibit the pro-

nounced eversion of the lateral piriform aperture (as an extension of the eversion in the

infraorbital region) found in similarly aged Neandertals such as Roc de Marsal 1, Subalyuk

2, and Engis 2, or the slightly older La Quina 18 child; however, it is not as paracoronally (i.e.,

non-everted) oriented as in Qafzeh 10 (see footnote 2).

The inferior lateral corner of the piriform aperture is complete enough to assess the

overall lower narial margin configuration (Table 20-2). The lateral margin of the piriform

aperture, although sharp and well defined, ends abruptly onto the gently rounded lower rim

of the nasal aperture, and thus, does not continue on as the lateral crest (crista lateralis;
Gower, 1923). From where the lateral piriform margin ends, the narial rim instead is antero-

posteriorly broad (10.5 mm minimally; see Fig. 20-4), gently sloped, and very smooth con-

taining no crests at all (stage 7; Franciscus, 1995). The lower border extends medially 6.3

mm maximally towards midline, and it is missing the ca.2-3 mm of bone that would contain

the midline structures (i.e., the anterior nasal spine, incisive crest and incisive canal). Since

these elements are missing, categorical statements about the presence or absence of a spinal

crest cannot be made. However, it is clear that the specimen lacked both lateral and turbinal

crests (cristae lateralis and turbinalis following Gower, 1923), and from what is preserved,

Lagar Velho 1 exhibited a smooth (stage 7) narial margin. 

Narial margin patterning is established very early in fetal development (Franciscus,

1995). A completely smooth, stage 7 narial margin is unknown for adult and subadult

Neandertals, who are instead dominated by a stage 5 pattern consisting of fused lateral and

spinal crests with partial fusion of spinal and turbinal crests, resulting in the formation of a

triangular fossa intranasalis (50%), or a single crest formed by the fused lateral, spinal and

turbinal crests (23%). Moreover, with the exception of the earlier Krapina maxillae

(Franciscus, 1999c), Neandertal narial margin crests are always sharp, raised and very promi-

nent no matter what the specific cresting pattern combination observed. A smooth narial mar-

gin occurs in recent western Eurasian

and northern African populations only

in very low frequencies of less than 2%

(Franciscus, 1995). However, a smooth

margin occurs in nearly 20% of recent

sub-Saharan Bantu samples, and as high

as 57% in the Late Upper Paleolithic

Nubian sample from Jebel Sahaba.

Interestingly, a smooth, stage 7 narial

margin also occurs in European Early

and Late Upper Paleolithic samples at a

frequency of 10% and 32% respectively.

Narial margin patterning therefore, to

some extent, mirrors the patterning

found in early modern specimens in

limb proportions that suggest elevated

levels of gene flow from Africa into

Europe in the later Pleistocene (Trin-

kaus, 1981; Holliday, 1997a).
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FIG. 20-4 – Right maxilla in medial view.



Right Maxilla - Medial View (Fig. 20-4)

The medial (internal) aspect of the right maxilla is complete superoinferiorly for 16.5

mm superior to the narial margin and complete from the lateral edge of the piriform aper-

ture to the lacrimal canal anteroposteriorly (maximum width: 11.5 mm). The conchal crest

for the inferior turbinate is more sharply defined than its left counterpart, and it is slight-

ly more vertically inclined. The posterior portion of the conchal crest is clearly defined on

the posterior portion of the lateral wall, and it traverses anteriorly towards the lateral wall

of the piriform aperture as a very faint roughened surface. Its most prominent inferior

aspect is located 6.1 mm above the preserved portion of the nasal floor. There are two

small foramina located just anterior to the prominent portion of the crest. There are two

faint superoinferiorly oriented grooves clearly visible under low power microscopy inferi-

or to the conchal crest. The more posterior of the two is likely the trace remnant of the

fully synostosed premaxillary suture. Neither of these grooves traverses medially across

the preserved portions of the lateral nasal floor, although it is possible that the more pos-

terior of the two did in the area now broken away. The remnant suture here is somewhat

more visible than that found on the medial aspect of the left maxilla. Nevertheless, none

of these sutures appears patent, and this pattern in Lagar Velho 1 is therefore consistent

with the patterning (also found in its left counterpart; see above) of early premaxillary

suture synostosis characteristic of recent humans and different from that observed in

Neandertals. CT scans of the maxilla confirm this synostosis by showing no internal

patency.

Although the narial rim of the inferior piriform aperture does not preserve to midline,

the configuration of the internal nasal floor, as seen in the inferolateral corner from this

view, suggests a nasal floor that would have been depressed (i.e., non-level) relative to the

incisive crest at midline. Whether the nasal floor was sloped or strongly bilevel (stage 2 and

3 respectively; Franciscus, 1995) cannot be ascertained; however, the nasal floor in Lagar

Velho 1 was almost certainly not level (stage 1) in its passage from the narial margin to the

posterior internal surface. The bilevel (stage 3) condition is found in 80% of Neandertals

(Franciscus, 1999b, n.d.) and predominates even in Neandertal subadults (Table 20-2).

Interestingly, the European Early Upper Paleolithic adult sample shows 100% level (stage 1)

configuration, while the Later Upper Paleolithic European sample shows a mixed pattern of

all three stages, as do the subadults (Table 20-2). These and other considerations (Fran-

ciscus, n.d.) indicate that the internal nasal floor configuration in Lagar Velho 1 cannot be

used to clearly align it one way or the other to Neandertals or European Early/Late Upper

Paleolithic modern humans.

Right Maxilla - Posterior View

The lacrimal groove forming the anterior portion of the lacrimal canal is less intact than

its left counterpart. Most of its original superoinferior length is preserved; however, its medi-

al and lateral margins are damaged. As in its left counterpart, the lacrimal groove is not

roofed over (see footnote 3). The anteromedial most tip of the exposed developing maxillary

sinus is present inferolaterally to the lacrimal groove; it measures 9.3 mm in maximum

length, 8,6 mm in maximum width, and ca.3.5 mm in maximum depth.

Inferior to the maxillary sinus is an exposed tooth crypt for the developing permanent

canine (found isolated; crown 3/4 complete).
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Right Maxilla - Inferior View

There are two-exposed adjacent tooth crypts located on the most inferior aspect of the

maxilla. The first is located anteromedially, directly inferior to the inferolateral corner of the

piriform aperture, for the developing permanent medial incisor (found isolated; crown

almost complete). The second, located posterolaterally, is for the developing permanent lat-

eral incisor (found isolated; crown just over three-quarters complete).

Nasal Bone

Anterior View

The left nasal bone is complete along the entire length of the internasal suture from

the internasal-frontonasal suture juncture to rhinion (Fig. 20-1). It is also complete along

the entire length of the frontonasal suture. The nasomaxillary suture is partially intact

from its most superior extent to 6.6 mm inferiorly, and along this length direct contact

with the frontal process of the maxilla is achievable. The inferolateral portion of the bone

inferior to this point is missing, and therefore the maximum lateral height of the bone

that is present (15.3 mm) is shorter than the original nasal bone height (i.e., the distance

from superior nasomaxillary to inferior nasomaxillary suture points). Fortunately, the

original height for the nasal bone can be measured using the preserved sutural edge pre-

sent on the frontal process of the associated maxilla. The medial aspect of the external sur-

face is intact. 

Given its preservation, several measurements can be taken directly on the nasal bone

or reliably estimated (Table 20-5). Lagar Velho 1 is uniformly smaller than all Neandertals

in all nasal bone dimensions, particularly in internasal bone height and greatest breadth

of nasal bones. Even with the relatively older Teshik Tash 1 specimen removed, Lagar

Velho 1 averages about 30% smaller in overall nasal bone dimensions compared to the

Neandertals. In contrast, Lagar Velho 1 shows a mixed pattern of slightly larger and slight-

ly smaller dimensions relative to Late Upper Paleolithic European specimens and recent

humans. On average, across all measures, Lagar Velho 1 is about 9% larger in nasal bone

dimensions compared to the Late Upper Paleolithic specimens, and about 4% larger com-

pared to the recent specimens. No measurements relating to nasal bone projection from

the adjacent facial plane could be taken because they are susceptible to small measure-

ment error and therefore require both sides to be intact.

The orientation of the superolateral nasomaxillary suture is vertical from an anterior

view indicating a “non-pinched” or straight nasal bone contour. This also indicates that

the position of the narrowest breadth across the nasal profile (i.e., the simotic cord) was

relatively superiorly placed.

A single foramen for a branch of the anterior ethmoidal nerve for sensory supply of

the skin of the nasal bridge is located on the anterior surface 5.5 mm inferior to the

nasofrontal suture and 3.6 mm lateral to the internasal suture. Frequency of nasal foram-

ina (presence/absence and single vs. multiple) is considered an epigenetic trait showing

population variation in recent humans (De Stefano and Hauser, 1991); however it has not

been systematically evaluated in fossil Homo.
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Table 20-5
Nasal bone measurements1

SNBW INBW NBH IBH WNB GBNB

57.2 57.3 56.2 57 57.1

Lagar Velho 13 10.42 12.02 19.12 11.6 9.42 12.02

ATD6-69 8.0 – – – – –

Pech-de-l’Azé 1 – – – – 11.8 –

Roc de Marsal 1 12.3 16.0 25.0 22.2 13.2 16.8

Subalyuk 2 15.22 16.2 22.5 22.3 13.22 16.2

La Quina 18 12.8 18.9 22.5 22.9 – 18.9

Dederiyeh 1 – – – – 14.0 –

Teshik-Tash 1 – 27.02 23.2 – 12.0 27.02

Qafzeh 11 – – – – 7.8 –

Arene Candide 6 7.3 13.1 15.6 – 6.3 13.1

Montgaudier 3 10.3 – – – 9.0 –

Recent African 10.6 13.8 20.2 18.7 6.9 14.0

Recent European 7.2 14.1 15.6 12.7 6.1 14.5

Recent European 10.5 12.9 11.6 9.7 8.3 12.9

Notes 

1. SNBW=superior nasal bone width; INBW=inferior nasal bone width; NBH=nasal bone height; IBH=internasal bone 

height; WNB=simotic width; GBNB=greatest breadth of nasal bones; Numbers refer to Martin numbers (Bräuer, 1988).

2. Midline distance doubled.

3. INBW and GBNB were taken with nasal bone articulated on Lagar Velho 1; NBH taken on nasomaxillary suture on 

maxilla; all others directly on unattached nasal bone on Lagar Velho 1.

Lateral View

The sagittal profile of the nasal bridge is best seen from this view (Fig. 20-2). There is

pronounced curvature of the nasal bridge in sagittal profile with the deepest inflection locat-

ed about midway along the nasalia (i.e., between the internasal-frontonasal suture juncture

and rhinion; see also Fig. 20-3). Thus the superior nasal bridge is more vertically inclined,

while the inferior portion is more horizontally inclined.

Medial View

The nasal root measures 4.5 mm in maximum anteroposterior thickness at its most

superior point. The nasal crest is intact along the medial border attaining a maximum

anteroposterior thickness of 4.8 mm at the point of greatest nasalia inflection.

Superior View

The nasal root measures 4.6 mm in maximum mediolateral thickness across the fron-

tonasal suture.
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Posterior View

The groove for the nasociliary nerve is not found on the internal surface.

Inferior View

Under microscopy, it is clear that the tip for rhinion is present and complete, and that the

medial inferior most edge of the nasal bone is present. This underscores the reliability of nasal

bone and piriform aperture measurements relying on these features (Tables 20-3 and 20-5).

Interorbital Region 

Due to the completeness of the frontal process of the left maxilla and the accurate join-

ing of the left nasal bone, the distance between dacryon and the internasal suture (10.2 mm)

can be doubled to derive an estimate for interorbital breadth of 20.4 mm in Lagar Velho 1.

It should be noted at the outset that interorbital breadth is a relatively difficult measurement

to take consistently on adults, much less subadults, even in completely intact specimens due

to a variety of factors (see Howells, 1973 for a detailed discussion). Nonetheless, this mea-

surement is available for a relatively large number of comparative specimens (Table 20-3).

The interorbital breadth value for Lagar Velho 1 is 4.3 standard deviations smaller than the

Neandertal sample average, and the magnitude of difference does not change even if the older

Le Fate 1 and Teshik Tash 1 individuals are removed. Lagar Velho 1 is also smaller than Qafzeh

10 and 11, and Skhul 1 by a similar magnitude. Lagar Velho 1 is slightly larger than the some-

what younger aged Mladeč 3 child, and is approximately 2.7 standard deviations smaller than

the clearly developmentally older remainder of the European early Upper Paleolithic sample.

Lagar Velho 1 is much closer in interorbital breadth value to the later Upper Paleolithic speci-

mens Pataud 3 and Montgaudier 3, and the comparably aged recent European sample. 

Minugh-Purvis (1988) concluded that growth in interorbital breadth from infancy to ado-

lescence is not as marked as for other aspects of upper facial and midfacial growth in both

Neandertals and recent modern humans, although it is not clear whether this is due to sampling

effects or relatively greater growth during late adolescence or early adulthood in both groups.

Based on recent human data summarized by Krogman (1941: 610-614), relative interorbital

breadth increase is greatest during stage 4 (M2 erupting, C and P1-2 erupted; roughly 12,0

years). However, Morin et al. (1963) document a relatively linear rate of recent human interor-

bital breadth growth from 3-12 years of age. It is difficult to surmise to what extent these some-

what disparate results are due to sampling variability and other methodological factors, and/or

actual populational differences in growth patterns. Nonetheless, to some degree, the relatively

greater interorbital distances in Neandertal and Skhul/Qafzeh children, and the relatively small-

er dimensions in European Early and Late Upper Paleolithic (including Lagar Velho 1) and

recent human children appear to be determined relatively early in ontogeny. 

Piriform Aperture

In order to reconstruct the piriform aperture in Lagar Velho 1 (Fig. 20-1), the left maxilla

was oriented with the attached nasal bone such that the midline of the nasal bone, i.e., the nasal
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crest, was aligned with the sagittal midplane. This alignment was also verified by orienting the

inferomedial orbital rim such that the most superior portion (i.e., the most superior portion of

the lacrimal groove) was vertical or parallel to the midline. The alignment of this arrangement

was then evaluated in the sagittal and coronal planes to make sure that none of the axes of ori-

entation was unusual. The distance from midline to the lowest portion of the preserved lateral

margin of the piriform aperture was then established. This distance was then used to fix the

right maxilla at the same mediolateral distance from midline to achieve nasal breadth. The

superoinferior alignment of the two halves of the maxillae was then achieved by positioning

both conchal crests to the same superoinferior point relative to midline. Finally, the slope of

both inferomedial orbital margins were checked for symmetry, and the overall alignment in

coronal and sagittal planes for both specimens were checked for symmetry.

Following the above restoration of the piriform aperture, Lagar Velho 1 has an estimated

nasal breadth of 17.4 mm. This value is 2.0 standard deviations below the mean for comparably

aged Neandertals (Table 20-3) and is similarly smaller than Qafzeh 10. It is, in fact, smaller than

all other comparative samples; however, it is closer to comparably aged Early and Late Upper

Paleolithic specimens on average (especially the latter), and it is also closer to a recent human

sample aged 3.0 – 5.0 years. Alternative reconstructions of the piriform aperture in Lagar Velho

1 produce an upper value for nasal breadth that is higher (i.e., 19.0 mm; although these produce

varying levels of misalignments in peripheral landmarks). If correct, this higher value would be

essentially identical to comparably aged recent and earlier and later Upper Paleolithic European

specimens. No reasonable reconstruction of the piriform aperture, therefore, would alter the

basic distinction of Lagar Velho 1’s smaller nasal breadth from Neandertals and Qafzeh 10, and

its greater similarity to later modern children. The estimated nasal height for Lagar Velho 1 is

33.0 mm. This is considerably smaller than the mean for comparably aged Neandertals (41.9

mm), as well as Qafzeh 10 and the somewhat older Předmostí 22 child. However, it is closer to

the mean for comparably aged European later Upper Paleolithic children (32.6 mm), and it is

within one standard deviation of the comparably aged recent European sample mean (35.7 mm).

Nasal breadth in both Neandertals and modern humans shows relatively greater growth

in earlier ages (between 1.5 and 4.5 years of age) compared to nasal height, which continues

to show significant growth at later ages (Minugh-Purvis, 1988) probably tied to upper facial

height growth in general (Krogman, 1941, p. 610-614). Interestingly, it also appears that nasal

breadth grows via modest negative allometry in modern humans, while for Neandertals,

growth in nasal breadth is isometric or possibly even positively allometric (Williams, 2000). 

There are no real sample differences in the shape of the nose based on the standard

nasal index. The Neandertal mean (55.5 mm), the later Upper Paleolithic mean (51.2 mm),

and the comparably aged recent sample (54.5 mm) are all well within one standard deviation

of each other. The estimated value for Lagar Velho 1 (52.7 mm) falls close to all three, as do

the individual values for Qafzeh 10 and 11.

Fewer comparisons are possible for piriform aperture height and shape. The recon-

structed value for piriform aperture height in Lagar Velho 1 is 21.4 mm. This is slightly larg-

er than for the comparably aged Roc de Marsal 1 Neandertal child and the average of two

recent humans, and it is considerably smaller than the values for the somewhat older

Neandertals La Quina 18 and Teshik Tash 1, as well as the older Late Upper Paleolithic child

Montgaudier 3. In terms of piriform aperture shape standardized to nasal breadth, Neandertal

children have the highest ratios (mean = 98.7), and Lagar Velho 1 is approximately midway

between this value and that for Montgaudier 3. Lagar Velho 1 is also most similar to the recent

human values. A more meaningful measure of piriform aperture shape is the ratio of inferi-

or nasal bone width to nasal breadth (INBW/NLB). Adult Neandertals have very high values
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for this index which quantifies their relatively square-shaped vs. pear-shaped piriform aper-

tures (Franciscus, 1999a). This feature is directly tied to the important alterations in the naso-

maxillary-zygomatico-infraorbital configuration that is the primary autapomorphy in

Neandertal facial architecture and likely the first Neandertal craniofacial trait to emerge in a

geochronologically accretional pattern (Hublin, 1998; Franciscus, 1999c). The extreme

square-shaped piriform aperture shows up early in development with Neandertals having the

highest ratios on average (Table 20-3), although the dichotomy becomes more pronounced

throughout later development. The INBW/NLB value for Lagar Velho 1 is relatively low at

69.0, reflecting a fairly pear-shaped, non-Neandertal configuration.

Summary 

The midface of Lagar Velho 1 preserves portions of both the left and right maxillae and

most of the left nasal bone. There is no evidence for pathological or traumatic alteration. In

combination, these elements allow a reasonable reconstruction and comparative analysis of

major aspects of the midfacial skeleton.

Specifically, Lagar Velho 1 has a relatively narrow interorbital breadth, overall small

nasal bone dimensions, low nasal height, and a narrow nasal breadth. The maxillary frontal

processes are not strongly everted, and the nasomaxillary suture is vertically rather than hor-

izontally oriented. This, combined with the small distance from the inferior nasomaxillary

point to the facial plane at the orbital rim, indicates a nasal bridge that was not only relatively

narrow, but also one not elevated in the transverse plane. The medial infraorbital region of

Lagar Velho 1 is configured predominantly in a paracoronal plane in a horizontal transect,

with a curved or slightly angulated two-plane transverse configuration, and the premaxillary

sutures on the internal surfaces of both maxillae are fused. The shape of the piriform aper-

ture is pear-shaped rather than square-shaped, the inferior narial margin of the piriform

aperture is smooth with no crest development, and the internal nasal floor is depressed.

In all aspects of metric size and shape, as well as discrete characters, Lagar Velho 1 is close-

ly aligned with the range of variation found in comparably aged European Early and Late Upper

Paleolithic and recent subadults. In a few aspects of midfacial shape, but not size, there is gen-

eral similarity (in addition to European Upper Paleolithic and recent humans) to the Levantine

Mousterian associated subadults from Skhul and Qafzeh. There is no midfacial feature present

on Lagar Velho 1 that specifically aligns it with comparably aged European or Levantine

Neandertals. The lack of Neandertal features in the midface of Lagar Velho 1 cannot be

explained by its relatively young age. Unlike other aspects of the face, neurocranium and

mandible (Minugh-Purvis, 1988; Tillier, 1999; Williams, 2000; Thompson and Illerhaus,

2000), the highly derived nasomaxillary configuration of Neandertals is present at very young

ages (Tillier, 1983b; Madre-Dupouy, 1992; Franciscus, 1995, 1999a; Maureille and Bar, 1999).

There is an apparent discordance between the relatively gracile midface documented

here and the more robustly built lateral face as indicated by comparative measurements on

the right zygomatic bone (Chapter 17). However, such disconcordance is not necessarily

unexpected under a model of relative uncoupling of developing cranial functional matrices

(i.e., neurocranial, midfacial, and masticatory soft-tissue matrices) in later Pleistocene

human evolution (Franciscus, 1997).

The smooth narial margin evident in Lagar Velho 1 occurs in recent western Eurasian

and northern African populations only in very low frequencies of less than 2% (Franciscus,

1995). However, a smooth margin occurs in nearly 20% of recent sub-Saharan Bantu sam-
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ples, and as high as 57% in the Late Upper Paleolithic Nubian sample from Jebel Sahaba.

Interestingly, a smooth stage 7 narial margin also occurs in European Early and Late Upper

Paleolithic samples at a frequency of 10% and 32% respectively. Narial margin patterning

therefore, to some extent, mirrors the patterning found in early modern specimens in limb

proportions that suggest elevated levels of gene flow from Africa into Europe in the later

Pleistocene (Trinkaus, 1981; Holliday, 1997a). Gross narial margin patterning is clearly

arrayed along a phylogenetic morphocline in Homo (Franciscus, 1999c); however, the spe-

cific form of narial margin patterning frequently shows high levels of within sample homo-

geneity in fossil and recent humans, suggesting near fixation due to random genetic drift in

small populations. The “African-like” smooth narial margin in Lagar Velho 1 (and its rela-

tively high frequency in European Early and Late Upper Paleolithic samples) is juxtaposed

with its cold-adapted leg proportions (Chapter 25). This discordance might be unexpected

under over-simplified models of population replacement vs. continuity, but it is certainly

plausible under migration matrix modeling involving both local regional continuity in

Europe with persistent gene flow from outside Europe (Africa) when coupled with large dis-

parities in average effective population size (Relethford, 2001a).

NOTES

1
McCown and Keith (1939) described a nasal feature they considered to be unique to Neandertals, a feature that has, to my knowledge,

never been subsequently mentioned in the literature:

There is a peculiar feature in the lateral margin of the nasal aperture in the Tabun skull which links it to the Gibraltar specimen. The

lateral margin in Tabun I is a single round ridge in its lower half, but in its upper half it divides so as to form two borders, a medial

which is sharp and forms the true margin of the aperture, and a lateral which ascends on the outer surface of the ascending process

to end in the nasomaxillary suture. The maximum distance between these margins is 3 mm. Although not so plainly seen, the same

conformation is present on the Gibraltar skull. We believe that this double margin has not been noted before. It is probable that the

lateral ridge represents the original margin and that the medial has been produced in the evolution of the human nose (1939: 262).

It is important to stress that McCown and Keith, in this case, are locating a feature on the lateral margin of the piriform aperture in the

vicinity of the inferior nasomaxillary suture, and not the lower narial margin which is dealt with elsewhere. Contra McCown and Keith,

the feature is found variably in adult and subadult fossil and recent Homo (Franciscus, unpublished data), and when present, it is espe-

cially pronounced on individuals with large nasofacial skeletons. For example, it is particularly pronounced on Petralona 1 and Bodo 1.

Moreover, the feature appears to drift ontogenetically from a relatively more inferior location on the lateral piriform margin to a more

superior position at or near the juncture of the inferior nasomaxillary point throughout childhood and into adulthood based on limit-

ed cross-sectional age comparisons.
2

Interestingly, most recent modern fetal and neonatal specimens have maxillary frontal processes that are strongly everted, even in those

regional populations which lack this characteristic on average as adults (i.e., sub-Saharan Africans). During subsequent development,

the frontal processes become less everted (i.e., more paracoronally oriented) especially in individuals from populations characterized

by relatively wide nasal apertures and non-projecting nasal bridges. This is based on my general observations on various cross-sectional

age series. In contrast, Neandertals at all ages retain the strongly everted configuration which suggests either the retention of a fetal

characteristic into childhood and adulthood, or the secondary attainment during growth and development of a feature that appears to

be neotenous. 
3

Schwartz and Tattersall (1996) and Schwartz et al. (1999) have argued that in modern humans the lacrimal canal is “roofed over” or

covered by a thin sheet of bone on its posteromedial aspect, whereas in Neandertals the lacrimal groove remains open and thus con-

stitutes an autapomorphy. There is no basis for this dichotomy (Franciscus, 1999a; Yokley, n.d.). In some modern humans, the lacrimal

process of the inferior nasal concha meets with the descending process of the lacrimal bone thus forming the posteromedial wall of the

lacrimal canal, which is bounded anteriorly, laterally and anteromedially by the lacrimal groove of the maxilla (Yokely, n.d.). The deli-

cate bones that make up the “roofing” configuration are never preserved in fossils, and even in comparative recent samples are either

variable in the degree of roofing over (Murphy et al., 1998) or too damaged to assess.
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chapter 21 | The Mandibular Morphology
❚ ERIK TRINKAUS ❚ 

The mandible of Lagar Velho 1 provides morphological information on the symphyseal

region, the lateral corpus, and most features of the ramus (Figs. 21-1 to 21-3). As such, it is one

of the most complete European earlier Upper Paleolithic juvenile mandibles currently avail-

able, exceeded in completeness only by the late juvenile / early adolescent Sunghir 2 and 3 spec-

imens (Bader, 1998; Alexeeva et al., 2000) and the now lost juvenile Předmostí 2, 6 and 7

mandibles (Mateigka, 1934). The only other specimens from the same time period are the juve-

nile mandibular corpori of La Quina 25 (Trinkaus, pers. observ.), Miesslingtal 1 (Szombathy,

1950; Trinkaus, pers. observ.), and Předmostí 24 and 25 (Matiegka. 1934), plus the early ado-

lescent mandibular corpus of Les Rois 1 (Vallois, 1958a), the younger one from Balla 1

(Hillebrand, 1911) and the fragmentary one of Caldeirão 2 (Trinkaus et al., 2001). The couple

of immature mandibles from Isturitz that may derive from Gravettian levels are probably of

late Upper Paleolithic age (Gambier, 1990-91). Although it is probably from the late Upper

Paleolithic, some data for the Le Figuier 1 mandible (Billy, 1979) are included. These speci-

mens are bracketed temporally (and geographically) by variably complete juvenile mandibles

from the late Upper Paleolithic of Europe, of European Middle Paleolithic immature

Neandertals, and of Near Eastern

Qafzeh-Skhul early modern humans

[see Mallegni and Trinkaus (1997),

Coqueugniot (1999) and Tillier

(1999) for a largely complete list].

Given these comparative spec-

imens, the Lagar Velho 1 mandible

is morphologically described and

compared, to the extent possible, to

similarly aged late archaic and early

modern human mandibles from

Europe and the Near East. The de-

gree to which its morphological

affinities can be assessed is limited

by the available comparative speci-

mens and the data that they pro-

vide. The comparative data derive

from the references above and per-

sonal observations of the originals

and/or resin casts.

FIG. 21-1 – Superior view of the Lagar Velho 1

mandible with the deciduous dentition removed.

Scale in centimeters.
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FIG. 21-2 – Lagar Velho 1 mandible in norma lateralis left, with the mandibular deciduous dentition in place. Scale in centimeters.

FIG. 21-3 – Medial posterior oblique view of the mandible, with the right di2 to left dm2 in place. The exposed crypts for the right I2

and the left M1 and M2 are visible. Scale in centimeters.
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Overall Mandibular Length Proportions

The overall length proportions for the Lagar Velho 1 mandible (Table 21-1) can be

assessed by comparing alveolar length and minimum ramus breadth to an overall

mandibular length measurement. The latter employed, given the absence of the condyle

on Lagar Velho 1 and other fossil specimens, is the midsagittal distance between the

infradentale and the transverse line between each point where the mandibular notch crest

meets the anterior condyle. The alveolar length measurement is the midsagittal measure-

ment from infradentale to the transverse line between the two points at which the anteri-

or ramal margin meets the alveolar plane. Given the need to determine the mid-sagittal

plane and estimate the anterior condylar margin on the Lagar Velho 1 mandible, these

measurements have been estimated. Minimum ramus breadth can be measured directly.

The number of Late Pleistocene specimens for which these measurements can be taken

is very limited, and several require estimation of the bicristal breadth to determine the

midsagittal length.

Table 21-1
Osteometrics of the Lagar Velho 1 mandible, in millimeters and degrees.

Symphyseal height 24.5

Symphyseal breadth 10.9

di2-dc1 corpus height 23.9

di2-dc1 corpus breadth 13.3

di2-dc1 corpus breadth without the lateral tubercle 10.6

dm1-dm2 corpus height 20.5

dm1-dm2 corpus breadth 11.5

distal M1 corpus height 19.7

External alveolar breadth - di1 left 5.0

External alveolar breadth - di2 left 5.7

External alveolar breadth - dc1 left 6.7

External alveolar breadth - dm1 left 7.3

Minimum ramus breadth 26.1

Bi-external dc1 arcade breadth (26.0)

Bi-external dm1-dm2 arcade breadth (38.0)

Infradentale - dm1-dm2 sagittal arcade length (13.8)

Infradentale - anterior condyle (at the notch crest) sagittal length (62.0)

Infradentale - anterior ramus root (at alveolar plane) sagittal length (31.0)

Anterior symphyseal angle (infradentale-pogonion vs. alveolar plane) 78°

The index of the estimated alveolar and mandibular lengths for Lagar Velho 1 is

ca.50.0. This value is the same as those of Teshik-Tash 1 (50.0), Malarnaud 1 (50.2) and

Qafzeh 11 (50.0), slightly above those of Devil’s Tower 1 (48.0) and Qafzeh 10 (48.5) and

slightly below those of Pech-del-l’Azé 1 (52.8) and Roc de Marsal 1 (51.4). Similarly, its

ramus breadth to mandible length index of ca.42.1 is in the middle of the Late Pleistocene

variation, with Teshik-Tash 1 (36.1), Malarnaud 1 (37.5), Qafzeh 11 (38.1) and Pech-de-l’Azé

1 (41.4) having lower values and Roc de Marsal 1 (42.7) and Qafzeh 10 (43.6) having slight-

ly higher values. For the former index, a global sample of early juvenile recent humans
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(Krovitz, 2000) have mean value of 47.1 (± 2.7, N = 42), and the index among them

remains stable through the juvenile years (ages 2 to 12 years) (r2 = 0.066, N = 82) (data

from Krovitz, pers. comm.).

Consequently, there is little difference in these proportions among juvenile late archa-

ic and early modern humans, and the Lagar Velho 1 ones are similar to those of other Late

Pleistocene juveniles and within recent human ranges of variation.

The Symphysis

The mandibular symphysis of Lagar Velho 1 is excellently preserved from the right di1

across to the left lateral corpus. As a result, the midline structures are all present, but the full

extent of the mentum osseum on the right side is not retained. Given the near perfect sym-

metry of the preserved portions, it is assumed that the complete left side represents the full

morphological pattern of the symphysis.

The Anterior Symphysis

The anterior mandibular symphysis of Lagar Velho 1 is notable for its very prominent

mentum osseum, its posteriorly sloping profile, and especially the combination of these two

features (see Figs. 21-2, 21-4 and 21-5). The variety of features described below and the

associated symphyseal angles contribute to these aspects of its mandibular anterior sym-

physis.

FIG. 21-4 – Anterior view of the mandibular symphysis. Scale in centimeters.
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FIG. 21-5 – Basilar view of the mandibular symphysis, left corpus and left ramus. Scale in

centimeters.

FIG. 21-6 – Posterior view of the mandibular symphysis, with portions of the left medial corpus. Scale in centimeters.
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The symphyseal fusion line is largely obliterated, but a thin open line is still evident lin-

gually and labially between the two di1 sockets (Figs. 21-4 and 21-6). It extends 5.0 mm from

the alveolar plane labially and 3.5 mm lingually. The mandibular symphysis is generally

noted to fuse during the first year of postnatal life (Molleson and Cox, 1993; Scheuer and

Black, 2000), but data on the full obliteration of the fusion line appear to be unavailable.

The superior ca.9 mm of the anterior surface is very slightly concave vertically. It yields

a maximum depth subtense of 0.6 mm, located in the inferior portion of those 9 mm of

height. Transversely, the bone is concave between the anterior convexities for the deciduous

incisor sockets. Lagar Velho 1 therefore clearly exhibits the anterior mandibular incurvation

as defined by Coqueugniot (1999). Among recent European juveniles this concavity remains

moderately infrequent (35.6%, N = 177), it is moderately to well developed in four Qafzeh

immature mandibles, and occurs in a minimally expressed form in only 28.6% (N = 14) of

immature Neandertal mandibles. It is minimally developed in La Quina 25, Miesslingtal 1

and Les Rois 1, but it is clearly present in Předmostí 2, 7 and 25.

Along the inferior 14 mm of the anterior symphyseal surface (the anterior surface

height is 23 mm, although the total symphyseal height is 24.5 mm), the midline profile rises

gently anteriorly as one goes inferiorly to reach a maximum projection ca.7 mm from the

anteroinferior margin. This peak is in the middle of the central mental trigone area. The

midline then rounds off posteriorly as it approaches the inferior symphysis (Fig. 21-4 and 21-

7). The central raised area is clearly distinct from the adjacent anterior mandibular surface,

with a denser bone containing abundant small foramina. Its distinct boundaries with the

more lateral anterior surface bone give the appearance of bony deposition on the normal

external surface. The breadth of the raised area is ca.11 mm near its vertical middle.

The raised central area (the tuber symphyseos) is bordered bilaterally by distinct depres-

sions, of which only the left one is completely preserved. The left anterior mandibular

depression [the incisura mandibulae anterior of Weidenreich (1936) and the “anterior buccal

mandibular depression” of Arensburg et al. (1989) and Coqueugniot (1999)] is a distinct

horizontally oriented oval with well demarcated medial, lateral and inferior edges. The supe-

rior margin is more rounded and less distinct. Its breadth is 7.4 mm and its height is ca.4.5

mm. The mediolateral maximum depth subtense is 0.9 mm; the vertical one is 2.2 mm, but

it is exaggerated by the prominent lateral tubercle [tuberculum laterale of Weidenreich

(1936)]. Together these features form a prominent trigonum mentale (tuberculum laterale and

tuber symphyseos).
A marked anterior mandibular depression is found in the vast majority of cases among

recent and early modern human juveniles. It was found in 100% (N = 418) of a sample of

recent European juveniles (Coqueugniot,

1999), among whom 94.5% have it well

developed, although a sample of Near

Eastern recent immature humans (N = 171)

exhibit it well developed in only 31% and

“vestigial” in 46.8% (Arensburg et al., 1989).

It is present in all of the known early modern

humans, although it is variably developed

among them. In particular, it is weakly devel-

oped in Qafzeh 10 and 11 (contra Tillier, 1999

and Coqueugniot, 1999), and it is modestly

present in Miesslingtal 1 and La Quina 25.

Based on photographs in Matiegka (1934), it

FIG. 21-7 – Midsagittal contour of the Lagar Velho 1 mandibular

symphysis. A: anterior; P: posterior; a-a: alveolar plane.
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is well developed in Předmostí 7 and 25, but although present, its degree of development can-

not be determined for Předmostí 2. The older Les Rois 1 mandible has pronounced anterior

mandibular depressions.

Among immature Neandertal mandibles, it is variably present, ranging from absent

(e.g., Roc de Marsal 1, Devil’s Tower 1) to clearly developed (e.g., Dederiyeh 1, Pech-de-l’Azé

1, Archi 1, Le Fate 2), with the remainder having only a trace of it. There is considerable vari-

ation in the scoring of this trait (compare Mallegni and Trinkaus, 1997 vs. Cocqueugniot,

1999 vs. Tillier, 1999 vs. above), such that these observations should be taken only as a gen-

eral indication of the degree of development of this feature in these samples. Nonetheless,

the marked development of the anterior mandibular depression in Lagar Velho 1 is at the

more pronounced end of the range of variation seen in Late Pleistocene immature human

mandibles, especially for an earlier juvenile one.

The right lateral tubercle was broken postmortem, but the left one is very prominent

from both the basilar margin and the anterolateral corpus (Figs. 21-2 and 21-5). There is no

clear distinction between its surface bone and that of either the anterolateral corpus or the

basilar margin, except for the rugosity along its anterior surface laterally. The distance from

the symphyseal midline to the anterolateral peak is ca.10 mm, whereas that to the full later-

al extent of the tubercle where it blends in with the lateral corpus is ca.12.5 mm. It is a very

projecting lateral tubercle (the right one was the same based on the preserved portions)

which produces, along with the raised central mental trigone, the marked mentum osseum of

Lagar Velho 1. Interestingly, among mature earlier Upper Paleolithic Europeans, only two of

fourteen (14.3%) mandibles exhibit the prominent lateral tubercles and the associated shelf-

like mental eminence seen in Lagar Velho 1 (Teschler-Nicola and Trinkaus, 2001).

Moreover, among immature earlier Upper Paleolithic European mandibles, only the older

(9-11 years) Předmostí 25 mandible appears to have the marked development of both the

tuber symphyseos and the tuberculum laterale (Matiegka, 1934). Other specimens, such as Balla

1, Le Figuier 1, Miesslingtal 1, Předmostí 2, 7 and 24, La Quina 25, Les Rois 1 and Sunghir

2, as well as Qafzeh 10 and 11, show little development of the each tuberculum laterale and

primarily a prominent tuber symphyseos.

Anterior Symphyseal Angulation

In conjunction with its pronounced mentum osseum, the Lagar Velho 1 mandible

exhibits a rather retreating anterior symphyseal profile (Fig. 21-2). Its anterior symphyseal

angle [infradentale to pogonion line relative to the alveolar plane in the midsagittal plane;

Martin 79(1b) (Bräuer, 1988)] was measured both through repeated direct measurement

with a moveable arm protractor (Craftsman #9-4029) and through trigonometric measure-

ment of the angle using the triangle determined by the midsagittal lines between infraden-

tale, pogonion and the line joining the distal dm1 alveoli. Both techniques provide an angle

of 78° [this angle is a correction of the value previously published in Duarte et al. (1999)].

This value is unusually low for a modern human, especially one with a prominent mentum
osseum which increases the anterior projection of the inferior anterior symphysis well ante-

rior of the core of the mandibular symphysis.

For comparison, earlier juvenile Neandertals (Pech-de-l’Azé 1, Roc de Marsal 1, Archi 1,

Châteauneuf 1 and Devil’s Tower 1) have similarly calculated angles of 79°, 90°, 77°, 90° and

75° respectively. Teshik-Tash 1 provides an angle of 78°. The juvenile Qafzeh 10 mandible yields

an angle of 88° but the older Qafzeh 11 has one of 90°. Earlier Upper Paleolithic juveniles pro-
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vide angles of ca.80° for Předmostí 2, 88° for La Quina 25, ca.88° for Předmostí 7, 96° for

Miesslingtal 1, ca.89° for Předmostí 24, 96° for Les Rois 1 and ca.93° for Předmostí 25 (the

Předmostí values from photographs in Matiegka, 1934); an angle measurement is not available

for Balla 1, but the published photograph (Hillebrand, 1911) suggests one of ca.100°. The

Sunghir 2 early adolescent mandible appears from the published photograph (Kozlovskaya and

Mednikova, 2000: p.120) to have a slightly retreating anterior symphyseal profile with an ante-

rior symphyseal angle between 85° and 90°. The late juvenile Sunghir 3 mandible has a promi-

nent mentum osseum with an anterior symphyseal angle between 95° and 100° (based on the

photograph in Kozlovskaya and Mednikova, 2000: p.130), although it is unclear whether this

would have been affected by the individual’s systemic developmental abnormalities (Buzhilova,

2000; Formicola and Buzhilova, 2002). The Le Figuier 1mandible provides an angle of 95°.

A global recent human juvenile to early adolescent sample (Krovitz, 2000) provides

angles of 99.2° ± 5.5°, minimum: 91° (N = 126) (data from Krovitz, pers. comm.). Moreover,

within that recent sample, there is no significant correlation between the anterior symphy-

seal angle and age between ages 2 and 12 years (r2 = 0.010, P = 0.255). Therefore, despite

the age range of these Late Pleistocene juveniles, their anterior symphyseal angles should be

close to what they were or would have been at the developmental age of Lagar Velho 1.

On the basis of this constancy through the juvenile to early adolescent years in anteri-

or symphyseal angles, means and standard deviations were computed for the Neandertal

(81.5° ± 6.7°, N = 5) and earlier Upper Paleolithic samples (91.5° ± 5.7°, N = 10). Despite the

sample sizes and the estimates in some of the measurements, these provide an general indi-

cation of the relative angulation of the Lagar Velho 1 mandible. With an anterior symphyseal

angle of 78°, Lagar Velho 1 falls only 0.52 standard deviations from the Neandertal juvenile

mean, but it is 2.37 standard deviations below the earlier Upper Paleolithic one.

In these anterior symphyseal angle comparisons, it should be noted that the lowest

Qafzeh-Skhul angle, that of Qafzeh 10, is associated with a minimal projection of the men-
tum osseum anterior of the anterior mandibular corpus; the same minimal projection of the

mentum osseum applies as well to Sunghir 2. Předmostí 2 does not appear to have had a pro-

jecting mentum osseum, but the assessment of this is uncertain given the absence of suffi-

cient symphyseal detail in Matiegka’s (1934) published photograph.

If the symphysis of the mandible is modeled as a solid beam and cross-sectional para-

meters are computed for it, the Lagar Velho 1 mandible has an angle (theta) of its maximum

second moment of area relative to the alveolar plane of 77° (Table 21-2). This value is close

to the top of the Neandertal juvenile range, being exceeded slightly by that of Pech-de-l’Azé

1, but it is also within the early modern human range, being slightly above that of Qafzeh 10

(Table 21-3). However, it is slightly below that of La Quina 25 and completely separate from

the value for Miesslingtal 1.

Table 21-2
Cross-sectional measures of the Lagar Velho 1 mandibular symphysis, modeled as
a solid beam and oriented relative to the alveolar plane

Total area (mm2) 299.6

Vertical second moment of area (Ix) (mm4) 8415

Anteroposterior second moment of area (Iy) (mm4) 2371

Maximum second moment of area (Imax) (mm4) 8635

Minimum second moment of area (Imin) (mm4) 2152

Theta: orientation of Imax (degrees) 77°
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Table 21-3
Comparative symphyseal height/thickness indices and cross-sectional proportions
for Late Pleistocene juveniles. Comparative cross-sectional data derived from Upper
Paleolithic original specimens and resin casts of Middle Paleolithic specimens.

Symphyseal Index Ix / Iy Imax / Imin Theta

Lagar Velho 1 2.25 3.55 4.01 77°

Pech-de-l’Azé 1 1.95 3.80 4.50 78°

Barakai 1 1.93 – – –

Roc de Marsal 1 1.60 1.90 2.93 65°

Archi 1 1.63 2.94 3.68 75°

Molare 1 1.84 – – –

Devil’s Tower 1 1.84 1.95 3.25 64°

Šipka 1 2.14 – – –

Hortus 2 1.84 – – –

Teshik-Tash 1 1.86 3.34 5.22 71°

Malarnaud 1 2.02 2.74 4.27 69°

Skhul 1 (1.83) – – –

Qafzeh 10 2.05 3.76 5.13 75°

Qafzeh 4 (1.74) – – –

Qafzeh 11 2.14 6.93 7.09 87°

Miesslingtal 1 2.02 4.81 4.88 93°

La Quina 25 2.12 3.29 3.64 80°

Předmostí 2 1.86 – – –

Les Rois 1 1.75 3.25 3.43 98°

It is therefore apparent that the Lagar Velho 1 anterior symphysis retreated at an unusu-

al angle for early modern human. Its anterior symphyseal angle is approached among early

or recent modern humans only by that of Předmostí 2, even though a few of the early mod-

ern human mandibles have values slightly less than 90°. The orientation of the full sym-

physeal cross-section places it in the middle of the range of overlap between the Neandertal

and early modern juvenile ranges of variation.

The Lingual Symphysis
Lingually (Fig. 21-6) there is a clear planum alveolare, which nonetheless slopes steeply

downward (Fig. 21-7). Descending from the alveolar plane is a central shallow sulcus, on the

symphyseal midline, and two parallel thin sulci, on either side of the central sulcus. The

superior shorter one is immediately below the trace of the symphyseal fusion line, and the

two lateral ones descend more inferiorly to the top of the depression for the genioglossal pit.

The genioglossal depression is a broad area, which contains a single, midline foramen

towards the top of the depression. There are no spines or tubercles associated with the

depression, but below the foramen to the level of the digastric impressions there is a small

vertical central crest of bone, with a double ridging at its top.

The left digastric depression (the right one is incomplete — Fig. 21-5) has clear anterior

and midline demarcations, less apparent but present lateral border, and rounds off evenly

posteriorly. It extends onto the basilar surface of the lateral tubercle, but it does not go as far

laterally as the tubercle. Its mediolateral breadth from the symphyseal midline is ca.7.5 mm.
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Symphyseal Cross-Sectional Proportions

The symphyseal height and thickness diameters of the Lagar Velho 1 mandible provide

it with a height-thickness ratio of 2.25, which is the highest index available for a Neandertal

or an early modern human. It is approached by Šipka 1, Qafzeh 11, Miesslingtal 1 and La

Quina 25, but it is well above the averages of the comparative samples (Table 21-3). The index

is not correlated with age among 2 to 12 year old recent humans (r2 = 0.025) or Late

Pleistocene specimens (r2 = 0.017), and there is no significant difference among the Late

Pleistocene comparative samples (ANOVA P = 0.610). The Lagar Velho 1 symphysis is there-

fore, based on these diameters, either relatively thin or tall.

A better assessment of bone distribution in the symphysis is available from compar-

isons of perpendicular second moments of area (modeling the mandibular corpus as a solid

beam) (Table 21-3). The Lagar Velho 1 values for Ix versus Iy and Imax versus Imin are moder-

ately high, but they fall well within the zone of overlap of the ranges of variation of the

Neandertal and early modern human juvenile mandibles. The three comparative samples

approach significant differences in these values (P = 0.054 and 0.051 respectively); howev-

er, the differences are driven largely by the unusually high values for Qafzeh 11, since dele-

tion of Qafzeh 11 from the sample changes the P-values to 0.221 and 0.461.

The Lateral and Medial Corpus

Despite bone loss associated with the postmortem break through the M1 crypt, most of

the lateral mandibular corpus is intact.

The Lateral Corpus

The lateral corpus (Fig. 21-2) decreases steadily in height from the symphysis to the

ramus, which is reflected in its height measurements (Table 21-1). It can also be approxi-

mated by the angles between the alveolar plane and the anterior corpus (between the lat-

eral tubercle and M1) of 16° and between the alveolar plane and the full corpus (between

the lateral tubercle and the anterior margin of the medial pterygoid / masseteric rugosi-

ty) of 20°.

This anteroposterior tapering of the corpus is similar to those of Qafzeh 10 and 11,

Skhul 1, La Quina 25 and Předmostí 2, 7 and 25; it contrasts with the more parallel sided

corpori of Archi 1, Devil’s Tower 1 and Malarnaud 1. However, some degree of anteropos-

terior tapering is also evident in the Pech-de-l’Azé 1, Roc de Marsal 1 and Teshik-Tash 1 cor-

pori, and the Miesslingtal 1 and Les Rois 1 mandibles have largely parallel-sided corpori.

This makes the difference between these samples in this feature more one of degree than

a clear difference.

The Lagar Velho 1 left mandible possesses a single mental foramen which enters the

lateral corpus inferiorly and slightly anteriorly. The opening is 3.1 mm anteroposterior and

ca.1.7 mm high. Its inferior margin is 14.0 mm below the alveolar margin, or 62.5% of the

distance from the alveolar margin to the basilar margin at the mental foramen.

The foramen is directly below the distal root of the dm1. Neandertal adults have been

noted to have mental foramina which are positioned on average relatively posterior vis-à-vis

the dentition (Trinkaus, 1993a), despite overlap in the ranges of variation between them and
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early modern humans (Stefan and Trinkaus, 1998a, 1998b). This reflects, indirectly, the rel-

ative dimensions of the dentition and the mandibular corpus (Trinkaus, 1993a). The same

relatively posterior position of the mental foramen has been stated to characterize immature

Neandertal mandibles as well, at least when compared to recent and Late Upper Paleolithic

immature mandibles (Coqueugniot, 2000), despite considerable overlap between the rele-

vant Late Pleistocene samples. Since the position relative to the dentition changes with age

(Coqueugniot, 2000), it is best to compare Lagar Velho 1 to early juvenile specimens, ca.2 to

6 years of age.

All of the immature Neandertal and early modern human mandibles have the mental

foramina under the dm1 or the dm1-dm2 interdental septum. Among the Neandertals, the

foramina are found in 72.2% of the specimens in the more anterior position (N = 9),

whereas the more posterior position is slightly more common in the early Upper

Paleolithic sample (57.1%, N = 7). The two Qafzeh-Skhul specimens have the more poste-

rior dm1-dm2 position. Consequently, there is little difference between these early juvenile

samples, and the dm1 position of the Lagar Velho 1 foramen fits easily within any of these

samples.

More posteriorly, there is a distinctive bulge around the crypt for the M1, which then

leads into a gently rounded lateral eminence.

The Medial Corpus

The medial corpus (Fig. 21-3) is gently rounded where preserved between the symphysis

and the dm2, swelling gently for the M1 crypt. There is no evidence of a mylohyoid line.

The Basilar Margin

The basilar margin is smooth mediolaterally, becoming more angled as it approaches

the ramus. It is gently convex inferiorly, becoming slightly concave inferiorly below the ante-

rior ramus.

Dental Arcade Proportions

Neandertal juvenile mandibular dental arcades have been noted (Mallegni and

Trinkaus, 1997) to be relatively wide compared to those of recent humans, presumably as a

product of their absolutely larger anterior teeth. Indeed, the bi-external deciduous canine

breadth for five early juvenile Neandertals (32.2 ± 1.7 mm) is well above that of a recent

European similarly aged (2 to 6 years) sample (25.7 ± 2.2 mm, N = 27) (P < 0.001). However,

four early juvenile early modern humans, Miesslingtal 1, La Quina 25, Qafzeh 10 and Skhul

1, provide measurements of ca.28.0 mm, ca.30.0 mm, 31.5 mm and 30.1 mm. In contrast,

the estimated value for Lagar Velho 1 (taken by doubling the distance from the midline, as

indicated by the symphysis) is only ca.26 mm, well below the Late Pleistocene values and

similar to the recent humans.

Similarly, Neandertal early juveniles have bi-dm1 arcade breadths (43.8 ± 2.0 mm, 

N = 5) well above a recent juvenile sample (35.9 ± 2.1 mm, N = 26) (P < 0.001); Lagar Velho

1 has a modest estimated value of ca.38 mm. Early modern humans provide values of ca.37.0
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mm for Miesslingtal 1, ca.40 mm for La Quina 25, 43.2 mm for Qafzeh 10 and 43 mm for

Skhul 1, thereby placing Lagar Velho 1 among the European early Upper Paleolithic values

but below those of the Qafzeh-Skhul juveniles.

If the proportions along the arcade are estimated using these two measures, the recent

human sample provides a bi-dc1 to bi-dm1 index of 71.2 ± 3.5 (N = 26), whereas the

Neandertal early juveniles have an index of 73.6 ± 2.3 (N = 5) (P = 0.083). Early modern

human values are generally similar, with values of 75.7 and 75.0 for Miesslingtal 1 and La

Quina 25, and values of 72.9 and 70.0 for Qafzeh 10 and Skhul 1. Lagar Velho 1 provides the

lowest fossil index of 68.4, approached only by that of Skhul 1. The Lagar Velho 1 mandible

therefore exhibits an especially anteriorly narrow dental arcade, whether compared to

Neandertal or early modern human juveniles.

The Ramus

The Lagar Velho 1 mandibular ramus is complete except for the tip of the coronoid

process and the condyle. However, the posterior portion of the mandibular notch is spread-

ing out close to the condyle at the break, indicating that the edge is very close to the anteri-

or margin of the condyle.

The crest for the mandibular notch is in line with the middle of the superior medio-

lateral enlargement of the condylar neck for the condyle. However, it is difficult to deter-

mine whether this indicates that the condyle was laterally placed relative to the crest, as it

is in 27.3% of Neandertal adult mandibles (N = 11) but none of the European early modern

humans (N = 13) (Stefan and Trinkaus, 1998b), given the impossibility of determining the

actual position of the condyle versus the lateral tubercle on the condylar neck. Moreover,

the central position of the crest relative to the condyle is common among juvenile recent

humans, and the more lateral position of the crest relative to the condyle only becomes

common later in development (Rhoads and Franciscus, 1996; Coqueugniot, 1999; Jabbour

et al., 2002). 

The gonial area is evenly convex, along a chord of ca.22 mm, bordered by slight con-

cavities inferiorly below the coronoid process and posteriorly in the middle of the ramal

height in norma lateralis. The inferior margin curves slightly laterally, and the superoposte-

rior margin curves slightly medially, giving the gonial plane a modest twist, or more vertical

orientation, relative to the more laterally leaning ramus.

The coronoid process was probably originally slightly above the mandibular condyle.

Relative to the laterally diverging ramus, it is curved anterolaterally, placing it close to a

parasagittal plane of the mandible as a whole.

The lowest point on the mandibular notch is located 11.5 mm posterior of the anterior

coronoid margin, which is about 40% of the way along an estimated 30 mm anteroposteri-

or diameter across the coronoid process and condyle. The lowest point was therefore in the

middle of the notch, an arrangement present in both Neandertals and early modern humans

if more common in the latter (Stefan and Trinkaus, 1998b).

The Lateral Ramus

The lateral ramal surface is gently concave, with no clear masseteric markings. Its pos-

terior margin slopes posteriorly at an angle of 103° relative to the alveolar plane.



The Medial Ramus

On the medial coronoid process, there is a distinct swelling for the entocoronoid

crest, extending superiorly from the M2 crypt. The M2 crypt is largely within the ramus,

with its middle along the anterior ramal margin. The inferior border of the crypt is at the

level of the alveolar plane of the deciduous dentition and M1. There is, as expected in a

young juvenile, no trace of the M3 crypt.

There is a distinct rugosity for the medial pterygoid muscle attachment along the

medial side of the gonial angle, represented primarily by a raised but rounded eminence

extending up to 8 mm from the gonial margin. The rugosity is located just below the

superior margin of the convex gonial margin, and it therefore fits the description of a

medial pterygoid tubercle (Rak et al., 1994). It tapers off superiorly on the posterior

ramal margin and anteroinferiorly around the angle. This swelling represents a modest

medial pterygoid tubercle, similar to those in many early and recent modern humans

and contrasting with the more rugose ones in some Neandertal juvenile mandibles.

However, contra Rak et al. (1994), this feature is present in both Neandertal and modern

human immature mandibles and it is principally the degree of development of the tuber-

cle that may be seen to differentiate them. Moreover, there is variability in the degree of

development of this feature within the Neandertal immature sample (Coqueugniot,

1999).

The mandibular foramen is represented by three foramina on the medial ramus

(Fig. 21-3). There is a large one posteroinferior of the lingula, opening posterosuperior-

ly, which probably represents the primary mandibular foramen. It is smooth from above

but has a sharp anteroinferior margin. The vertical diameter of the foramen is 3.0 mm,

its height above the alveolar plane is ca.5 mm, and it lies ca.14 mm below the mandibu-

lar notch. The second foramen lies 4.5 mm above the first and slightly posterior of it. 

It is 1.8 mm high and appears to communicate with the posterior wall of the exposed 

M2 crypt. The third foramen is much smaller and lies ca.5 mm posterior of the primary

foramen.

The associated lingula is a small process immediately superior to the primary fora-

men, which is minimally disengaged from the medial ramal surface. There is no cover-

ing of the canal of the lingular form, but the mylohyoid groove is completely covered

over with the bridging form (see Jidoi et al., 2000). Such a combination of covering of

the canal is found in both Neandertal and early modern human mandibles (juvenile and

mature) (Frayer, 1993; Stefan and Trinkaus, 1998a, 1998b; Jidoi et al., 2000).

Summary

The Lagar Velho 1 mandible therefore presents a series of features that fall within the

morphological range of overlap of late archaic and early modern human juvenile

mandibles. These include primarily features of the lateral corpus and the ramus, but also

of the overall proportions of the symphysis. At the same time, the presence of a distinct

and prominent mentum osseum clearly aligns it with early modern humans, to an extent

more so than those of some of the other early modern human juveniles with their more

modestly projecting anteroinferior symphyses. This is combined with the narrow anteri-

or dental arcade, a feature probably related to the modest dimensions of its permanent

anterior teeth (Chapter 24). Yet, despite the prominent mentum osseum, the mandibular
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symphysis retreats at an angle which is exceptional for an early modern human and out-

side of the range of variation of recent human juvenile mandibles. It is approached in this

by a couple of early modern human mandibles, particular the ones from Qafzeh 10 and

Předmostí 2, but it is quite distinct from the earlier Upper Paleolithic Balla 1, Miesslingtal

1, La Quina 25 and Předmostí 7 and 24 juvenile mandibles in this feature, as well as from

the older Předmostí 25, Qafzeh 11, Les Rois 1 and Sunghir 2 and 3 mandibles.
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chapter 22 | The Computer-Assisted 
Reconstruction of the Skull

❚ CHRISTOPH P.E. ZOLLIKOFER ❚ MARCIA S. PONCE DE LEÓN ❚ FRANCISCO ESTEVES ❚

❚ FLORBELA TECELÃO SILVA ❚ ROSA PACHECO DIAS ❚ 

It is a paradox of paleoanthropology that many of the most valuable fossil human speci-

mens owe their discovery to massive earthwork in a context not directly related to science. The

exploitation of raw materials and road construction not only led to the fortuitous exposure of

many fossils to the attentive eyes of workmen, but also to their partial physical destruction, a

situation which probably represents just another version of the physical theorem that the

process of gaining knowledge about an object inevitably alters that object. From this perspec-

tive, the Lagar Velho find is a further case in a long chain of prominent specimens (Forbes’

Quarry, Feldhofer, Mauer, Taung, Broken Hill, etc.), the discoveries of which were accompa-

nied by at least some deterioration of the original fossil material. 

Here we report on the non-invasive virtual reconstruction and morphometric analysis of

the skull of the Lagar Velho 1 specimen. This reconstruction represents the first stage in the

computerized restoration and recomposition of the entire skeleton. Recent developments in

computer-based technologies have opened up new ways of non-invasive data acquisition,

preparation, reconstruction and morphometric analysis of fossil specimens (Zollikofer et al.,

1995, 1998). The ensemble of concepts and methods, which is subsumed under the term

“computer-assisted paleoanthropology” (CAP), comes into bearing in various respects and at

various stages of the reconstruction of the Lagar Velho 1 skull. Among issues of practical sig-

nificance are the fragmentary and brittle state of preservation and the deformation of the cra-

nial remains, which limit physical reconstruction. Theoretical issues concern the reliability and

reproducibility of the virtual reconstruction, as well as the methods used for comparative mor-

phometric analysis of the reconstructed morphology. 

Computer-assisted reconstruction of a fossil specimen is more than putting together a

large 3-dimensional jigsaw puzzle in which a major part of the original pieces are lost or dete-

riorated. It essentially consists of reversing the order of temporal events that contributed to the

disintegration, deformation and deterioration of the individual after its death (Ponce de León

and Zollikofer, 1999). “Undoing” these diagenetic effects on the computer screen eventually

leads back towards the state of the individual’s skeleton at the time of death. It is evident that

this state cannot be fully recovered in a fragmentary specimen, as every reconstructive step,

whether physical or virtual, is based upon a set of biological and geological assumptions, which

imply inferences of interpolatory and extrapolatory nature. Therefore, this chapter not only con-

sists of a presentation of the inferred state of the fossil at death, but also of a detailed account

of the concepts, models, assumptions, methods and manipulations used during the process of

reconstruction. Following a statement of Virchow “we must distinguish exactly three points:

That which is left as skeletal remains; that which can be concluded from the circumstances of

the discovery; and that which one conjectures” (Virchow, 1939). Here we use computer tools

to distinguish between the three points, adopting the classic criteria of experimental science,

i.e. the proposition of testable hypotheses and reproducible procedures. This approach is open

to point-by-point verification by other scientists and is therefore especially important in the pre-

sent context, where the recovery of the fossil cranial morphology is central to the specimen’s

comparative analysis and interpretation. 
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Volume Data Acquisition with Computer Tomography (CT)

Computer tomography (CT) is an X-ray-based scanning technique used to generate

serial cross-sectional images through 3-dimensional objects. The method is widespread

in industrial applications such as materials testing and reverse engineering; likewise, it

has become a standard diagnostic tool in the medical clinical environment. As in clas-

sical imaging technology such as photography, CT devices must be tuned to the size and

the material properties of the objects under scrutiny, as well as to the purpose of the

application. Industrial scanners typically work at higher X-ray intensities and at higher

resolutions than medical scanners, permitting, for example, the analysis of cracks in jet

engines (Lüthi et al., 1998). In medical diagnostics, on the other hand, a compromise

must be found between the X-ray dose applied and the quality of the image (resolution

of detail and contrast). Obviously, the CT analysis of a fossil specimen is less con-

strained by the X-ray dose than that of a living patient, such that it is possible to go to

the limits of resolution of the scanning device (Zonneveld and Wind, 1985; Spoor et al.,

1993). The spatial resolution of a medical scanner — which is tuned to the size and

material properties of a human body — is around 0.2 mm within each image (i.e. in x
and y directions), and ca.0.5 mm in a direction perpendicular to the cross-sectional

planes (z-direction). A medical CT image is typically reconstructed as a 512 x 512 pixel

matrix (x,y), such that a minimum diameter of the field of view of ca.100 x 100 mm can

be achieved.

The CT data acquisition on the Lagar Velho skeleton was performed with two prin-

cipal purposes. The first was to obtain volume data, which permit the electronic prepara-

tion, isolation, 3-dimensional reconstruction and virtual (graphical) representation of the

original fragments and, likewise, of internal skeletal structures such as the inner ear and

the unerupted permanent dentition. The second purpose was to provide cross-sectional

images at a diagnostically relevant level of detail for further analyses of skeletal structures

such as the state of fusion of sutures, the cortical thickness of the cranial vault and the

long bones, etc.. 

The specimen was CT-scanned at the Curry Cabral Hospital in Lisbon with a Picker

PQ 5000 medical computer tomograph. During the first session in July 2000, data were

acquired from the complete fossil material, except for some small unidentified frag-

ments and the very fragile incomplete epiphyses of the hand and foot bones. To make

optimum use of the available field of view (and reduce the total amount of data), small-

er items were embedded together in styrofoam boxes, stacked on top of each other and

scanned simultaneously. The scanning parameters were adjusted to yield maximum spa-

tial resolution and minimum image distortion. The smallest possible scanning diameter

was chosen (240 mm). Considering the small size and/or thickness of the fossil frag-

ments, and their low degree of mineralization, the X-ray tube energy was set to a low

value (65mA). Data acquisition was performed with the helical scanning option (1 mm

helix pitch, 1 mm slice thickness). For the inner ear region, sequential slice data were

acquired at a slice thickness of 1 mm and an increment between cross-sectional planes

of 0.5 mm. The raw data (X-ray attenuation profiles) were saved for subsequent recon-

struction of serial cross-sectional images (512 x 512 pixel matrix) at various magnifica-

tions (0.2-0.45 mm per pixel) and using various backprojection filter options (standard

and bone filters). To avoid sampling errors in regions where surfaces of the scanned

objects are nearly parallel to the image plane, the cranial parts were scanned twice with

orthogonal orientations. 
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The Present State of the Cranial Remains and their Physical Reconstruction 

First and foremost, it was necessary to re-assemble the approximately 200 cranial frag-

ments, which were dispersed over an area extending about 10 m along the shelter wall. The

physical reconstruction, which was chiefly carried out by ET (see Chapter 17), yielded three

major parts of the skull, each of which was composed of a large number of small fragments.

An assemblage of isolated fragments, mostly from the cranial vault, was left for further inte-

gration into the anatomical ensemble. In July 2000, MPL, ET, RGF and CPEZ undertook a

renewed attempt to screen these fragments and attribute them to cranial subregions, taking

into account morphological parameters such as the degree of ochre pigmentation (which

varies in intensity over the cranial surface), the overall thickness of the bone, the presence

of features such as sutural borders, endocranial impressions of meningeal vessels, sinuses

and cortical gyri, and external characteristics such as traces of muscular insertions and pits

in the bone. During this process, several key pieces could be identified, which permitted the

establishment of anatomical contacts between the 3 large cranial pieces. These small frag-

ments comprised parts of the right temporoparietal wall of the cranial vault including the

sigmoid sinus, the occipital region from the sagittal sinus (endinion) down to opisthion and

the left margin of the foramen magnum, and parts of the apical cranial vault in the fron-

toparietal region. 

The recomposed cranial vault is wide and low in its present physical reconstruction,

exhibiting a morphology which clearly deviates from the normal anatomical condition

(Figures 15-1 to 15-5 and 22-3). Two potential causes of distortion had to be taken into consid-

eration. The first is reconstructive “error propagation,” which has resulted from minor errors

in orientation and position during the process of fitting together the numerous smaller frag-

ments into the larger ensemble. It can be expected that during this process positional errors

increase towards the periphery of the larger pieces. The second cause of distortion is tapho-

nomic deformation, which may have affected different parts of the skull to different degrees.

During assessment of the relative contributions of reconstructive versus taphonomic defor-

mation to the present state of the fossil, the structure of the cranial fractures yielded impor-

tant clues; since the specimen was recovered relatively soon after its accidental exposure, the

recent fractures are in a good state of preservation and exhibit only minor signs of erosion. It

is therefore possible to discern between fractures caused by the recent disturbance of the sed-

iments and those of earlier, diagenetic origin. While recent fractures are characterized by their

sharp edges permitting the establishment of tight contacts between adjacent fragments, in
situ fractures can be identified through their partial erosion and concomitant staining with

red ochre, as well as their incomplete fit with neighboring fragments. While in situ fractures

separate larger areas of the cranial vault from each other, the earthmoving yielded many small

fragments. The fact that the three recomposed cranial pieces could be fitted to each other

without substantial modification indicates that the present physical reconstruction repro-

duces the in situ state of the cranial vault with fair precision. 

Unfortunately, only minor parts of the midface of Lagar Velho 1 are preserved, among

them fragments of both zygomatic bones, vestiges of the lateral orbital rims, the maxillary

dentition and the maxillae and one nasal bone around the skeletal nasal aperture. It is

important to inquire after the causes and processes that led to loss of this key region of the

skull. Many factors speak for extensive diagenetic loss of the facial anatomy, followed by

recent disintegration of the scant remains. A comparative analysis of the state of preserva-

tion of immature facial skeletons in Mousterian and early Upper Paleolithic specimens

reveals that the maxillofacial region is typically badly damaged or at least not well preserved.
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This condition might be attributed to their peculiar anatomy. Notably in children, the facial

skeleton consists of thin-walled structures supported by an intricate framework of strut-like

elements, such as the nasal rim, the zygomatic arch and the maxillary pillars. Despite the

apparent delicacy of the maxillofacial skeletal elements — which is in seeming contrast with

the considerable levels of strain occurring during mastication — their spatial arrangement

provides optimum biomechanical conditions. However, during fossilization, these thin-

walled structures are readily eroded, thus promoting the disintegration and collapse of the

facial skeleton. 

Taphonomic Scenario and Assessment of Deformation 

Any quantitative attempt at correction of taphonomic deformation in a fossil must start

with the reconstruction of the in situ position of the specimen and the inference of the tem-

poral sequence of diagenetic events that led to the observed deformation. With these data,

the virtual specimen can then be positioned “in situ” on the computer screen, and tapho-

nomic forces can be simulated in reverse spatial and temporal order to recover the original

morphology. It is evident that these procedures remain tentative, as the complexities of the

diagenetic history can only be reconstructed incompletely, and because principal limitations

are imposed onto the correction of deformations (Ponce de León and Zollikofer, 1999). 

From a biomechanical perspective, bone embedded in sediments can respond in two

ways to loading: (a) it tends to fracture along lines of maximum strain; later, the isolated

fragments become dislocated through drift and compaction of the embedding sediments; (b)

it may undergo plastic deformation without substantial fracturing. During the latter process

of dissolution and re-mineralization, the bony tissue behaves like a ductile material, which

yields to the applied forces. As was shown in a theoretical model (Ponce de León and

Zollikofer, 1999), the reconstructed 3-dimensional morphology of a fossil skull permits

inferences on its diagenetic history. Under scenario (a), the recovered morphology — how-

ever incomplete it may be through partial loss of fragments — can be expected to be rela-

tively undisturbed with respect to bilateral symmetry, while under scenario (b), the fossil is

expected to exhibit substantial deviation from symmetry. Using computerized methods,

such left/right discordance can be assessed and measured by superposition of parts from

one side with their mirror-imaged counterparts. 

In the physical reconstruction of the Lagar Velho 1 cranial vault, the effects of both sce-

narios, fragmentation and deformation, are clearly discernible. Given the immature state of

the specimen, interosseous sutures may have represented a primary location for disintegra-

tion. The physical mismatch between the parietal and frontal portions along the left coronal

suture (see Chapter 17), as well as the partial mismatch between the larger in situ parts of the

cranial vault, further indicates that disintegration through fracturing and dislocation of parts

preceded plastic deformation. Mirror-image comparisons between the left and right tem-

poroparietal regions reveal overall flattening on the left side, which was clearly bent out of

natural shape through plastic deformation rather than disintegration into fragments. 

Following this tentative reconstruction of the temporal sequence and nature of the dia-

genetic events, their spatial properties must be taken into consideration. As the in situ state

of the Lagar Velho 1 skull was disturbed, it must be inferred from those cranial remains,

which remained untouched during earthmoving, mainly the left temporal region of the skull

and the mandible. The excavation protocols show that the skull was lying on its left side on

the floor of the burial pit, such that it can be presumed that the right semi-profile was
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exposed to the surface (which might be the cause of the major dislocation of these parts from

their in situ location). During fossilization, compressive forces exerted by the overlaying stra-

ta elicited reactive forces by the compacted ground, resulting in the observed flattening of

the left side of the cranial vault. Simultaneously, the right side collapsed into the endocra-

nial cavity, during which process it was fractured rather than deformed. 

Computer-Assisted Reconstruction

Algorithmics of Reconstruction

The following data sources were now available for the computer-assisted reconstruction

of the craniomandibular morphology: the 3-dimensional virtual representations of the iso-

lated fragments, the information on their physical state of preservation, and the inferred

sequence of taphonomic events. Computerized reconstruction was carried out according to

the following pre-defined sequence of tasks: 

1. Re-establish preserved anatomical connections between adjacent fragments (e.g.

along lines of fracture, sutures, synchondroses, dental occlusion, temporomandibu-

lar joint, etc.).

2. Complete missing regions on one side with mirror-imaged counterparts from the

other side. 

3. Place isolated fragments/regions in anatomical space according to three criteria: (a)

general anatomical standards (e.g. bilateral symmetry, the topographical relation

between various anatomical structures), (b) the inferred symplesiomorphic state of

the anatomy (e.g. the orientation of the semicircular canals of the inner ear, the rela-

tion between cranial foramina), (c) comparative data on anatomical structures from

a sample of better-preserved specimens. 

4. Interpolate bilaterally missing regions with data from a comparative sample (in the pre-

sent case: a sample of modern human and Neandertal child crania, both representing

variation in geographical location and time; Ponce de León and Zollikofer, 2001). 

5. Assess and correct taphonomic deformation according to pre-defined diagenetic sce-

narios. 

This “algorithm” of fossil reconstruction can be compared with the solution of a mathe-

matical system of equations with many more unknowns than independent equations. To find

a solution, one starts with “intelligent guesses” of the initial values of some variables and iter-

ates the system until some point of convergence is reached. Likewise, each isolated fossil frag-

ment has six degrees of freedom of movement in anatomical space (3 translational, 3 rotation-

al), and each fragment’s initial position and orientation must be set by “anatomical guess”.

During the process of computerized reconstruction, some of these variables can be fixed at a

given value, while others depend on the position/orientation of neighboring fragments, such

that a consistent solution can only be found after several iterations of the reconstructive algo-

rithm. Hence, the basic strategy of reconstruction consists of the gradual elimination of
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degrees of freedom, using standard anatomical references and clues wherever possible, and

generating partial solutions in the form of anatomically consistent subunits. Reconstructed

subunits such as the mandible, cranial base, vault and face can then be positioned relative to

each other and checked for anatomical consistency. Any inconsistency must then be tracked to

its origins and corrected by repeating and/or improving the reconstruction of the subunits. 

Computerized methods greatly facilitate this iterative approach. Fossil fragments can

be placed in virtual space without the need of connective and supporting structures, and sub-

sequent rearrangements can be done without the risk of physical impairment. “Screen

shots” of preliminary stages of the computerized reconstruction can be exchanged and dis-

cussed via the Internet. Most importantly, the criteria used to orient and position fragments

in space (exploiting intrinsic and/or general anatomical information) prevent the recon-

struction of pre-conceived morphologies. The reassembly of the virtual fragments was effect-

ed on a Silicon Graphics Onyx II workstation with the software tool kit FoRM-IT, using

mouse-guided interactive tools to shift and rotate individual parts along user-defined paths

and axes. Using stereo-viewing equipment (Crystal Eyes® stereo glasses), it was possible to

perform complex manipulatory tasks on the computer screen with a high degree of percep-

tual reality. Spatial vision proved to be particularly useful to check the anatomical continuity

of surfaces composed of various isolated fragments and, likewise, to re-establish dental

occlusion. To achieve a high degree of reproducibility of the whole process of reconstruction,

MPL and CPEZ performed several independent reconstructions over several months and

exchanged preliminary results with other team members (ET, CD, JZ) for crosschecking. 

Mandible

The reconstruction started with re-establishment of the morphology of the jaws. This

approach was chosen in analogy to reconstructive surgery of severe craniofacial trauma,

where reconstitution of the dental arcade yields the most reliable clues for facial reconstruc-

tion (Figure 22-1). Since most of the left ramus and the symphyseal region of the Lagar

Velho 1 mandible is preserved, it was possible to restore its original morphology with fair

precision. The graphical representation of this fragment was positioned and oriented in

anatomical space along its presumed midsagittal plane. A mirror image was then created,

and both parts were rotated around infradentale (the midsagittal point on the labial alveolar

margin) until optimum matching between the overlapping original and mirror-imaged sym-

physeal regions was achieved. The procedure of match merging showed that the mandible

exhibits mild asymmetry in the symphyseal region. Since this condition can be observed fre-

quently in modern humans, it is thought to represent the in vivo state of the fossil. 

The mandibular condyle is not preserved on the original left side. As an important pre-

requisite for the subsequent reconstruction of the cranial breadth at the temporomandibu-

lar joint, it was necessary to provide an estimate of the position of the condyles relative to the

rami. Comparative data from Neandertal and modern human mandibles of similarly aged

individuals show that there is considerable variability in the anteroposterior position and ori-

entation of the condyles as well as in their height above the alveolar plane and relative to the

coronoid processes. However, the mediolateral position of the condyles appears to be more

closely coupled to the orientation of the ascending rami. At this stage of the reconstruction,

the virtual completion of the condyles yielded a fairly precise estimate of the mandibular

condylar breadth, while the anteroposterior and craniocaudal position of the condyles need-

ed re-assessment during the reconstruction of the face (see below). 
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FIG. 22-1 – Reconstruction of the mandible and dental occlusion. a: mirror-image completion of the right corpus and ramus; b-
d: insertion of the mandibular deciduous dentition, establishment of occlusion with the isolated maxillary deciduous teeth

and extrapolation of the mandibular condyles; e: some variation of mandibular size and shape in modern humans of

comparable dental age (4-5 years). Scale bar is 5 cm. 
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FIG. 22-2 – Reconstruction of the cranial base. a: re-establishment of the temporomandibular joint (right temporal bone is

transparent to show the position and orientation of the labyrinthine cavities); b, c: reconstruction of the foramen magnum

(vertical and caudal views, respectively; mirror-image completions are transparent); d: shape variation of the foramen

magnum in modern humans of comparable dental age (4-5 years). All specimens are oriented in the vestibular plane (i.e. the

plane formed by the lateral semicircular canals). Scale bar is 5 cm. 
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Following the reconstruction of the mandibular corpus and rami, the deciduous

mandibular teeth — which were CT-scanned as isolated items — were repositioned in their

sockets. This complex navigational task was performed using stereo glasses and visualiz-

ing the mandibular corpus as a transparent object. The precise reconstruction of the den-

tition was an important prerequisite for the re-establishment of occlusion with the maxil-

lary deciduous dentition (see below). It was possible to re-establish occlusion between the

mandibular dental arcade and the isolated maxillary deciduous dentition (see below: recon-

struction of the face). 

Temporal Bones

Having established the tentative position of the mandibular condyles in anatomical

space, it was possible to reconstruct the right temporomandibular joint by adjusting the

glenoid fossa of the preserved petromastoid fragment (Figure 22-2a). Through this action,

the three translational degrees of freedom of the temporal bone were fixed. To determine

its rotational components, the well-preserved cavities of the inner ear served as an anatom-

ical compass. The temporal bone fragment was rotated on a vertical axis through the gle-

noid fossa until the upper and posterior semicircular canals each subtended an angle of

ca.45° relative to the midsagittal plane of the skull. This orientation corresponds to the

basic condition found in the mammalian skull (Delattre and Fenart, 1960). The orientation

of the vestibular plane, as defined by the lateral semicircular canal (Delattre and Fenart,

1960; Spoor and Zonneveld, 1995), was assumed to be perpendicular to the midsagittal

plane. However, since the orientation of the inner ear with respect to both the midsagittal

and the alveolar plane is relatively variable in modern humans, these remaining degrees of

rotational freedom were fixed only tentatively. Subsequently, the left temporal fragment

(whose petrous portion is not preserved) was oriented and positioned according to its mir-

ror-imaged counterpart. 

Basicranium

The occipital portion of the cranial base is preserved as a suite of fragments from

the left and right sides, the completion of which through mirror-imaging permitted

reconstruction of the shape and position of the foramen magnum (Figure 22-2b,c). The

basilar part is represented by two fragments joining along a fracture perpendicular to the

sphenobasilar synchondrosis. The fragment on the left side extends towards the

hypoglossal canal. An additional fragment from the right side preserving the condy-

lar/hypoglossal region and delimited anteriorly by the interbasilar synchondrosis was

mirror-imaged to the left side to establish anatomical continuity with the lateral rim of

the foramen magnum towards opisthion. The resulting morphology of the foramen

shows a conspicuous constriction at the interbasilar synchondrosis. As can be verified in

a comparative sample of modern humans, this morphology occurs relatively frequently

in immature specimens (Figure 22-2d). The position and orientation of the foramen

magnum relative to the temporal pyramids is determined by the anatomical connection

of its left margin with the occipital squama, and the anatomical continuity of the latter

with the left temporal squama. 
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Cranial Vault

A graphical representation of the integral cranial vault in its physical state of recon-

struction was placed on the right temporomandibular joint, using the position of the tem-

poral bone established previously (Figure 22-3). The resulting morphology was used to

assess the amount and direction of deformation present in the cranial vault. A series of

anatomical clues was used to determine deviations from natural anatomical conditions.

First, the breadth of the cranial vault had to fit the reconstructed breadth of the temporal

squamae, as resulting from the previous reconstruction of the temporomandibular joint.

Second, the interparietal suture as well as the preserved parts of the left and right lambdoid

sutures were used as indicators of the midsagittal plane of the vault. Additional clues were

given by the morphology of the internal occipital protuberance and the preserved parts of the

sagittal sinus (this region is somewhat prone to natural deviations from symmetry, notably

through the often unequal constitution of the left and right transverse sinuses). 

FIG. 22-3 – Reconstruction of the cranial vault. a: frontal view; b: vertical view (crossed stereo pairs). In its physical state

(transparent), the vault exhibits non-linear deformation. Decomposition into smaller parts (see Figure 22-5) followed by

recomposition of the fragments yields a provisional reconstruction of the cranial vault (solid). Arrows point from the original

anatomical landmarks to their corresponding landmarks in the reconstructed morphology, showing the amount and

direction of taphonomic deformation. These landmarks are used to define a Thin Plate Spline interpolation function, which

performs a smooth deformation of the original vault into the reconstructed morphology. Scale bar is 5 cm. 
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The evidence provided in Figure 22-3, as well as left/right comparisons of preserved

contralateral regions, revealed that taphonomic deformation resulted in a general flattening

of the vault in the transverse direction, such that the coronal radius of curvature was unnat-

urally large. At the same time, however, the skull underwent bending in an anteroposterior

direction, resulting in a comparatively small sagittal radius of curvature in the occipital

region. To correct the deformation, the vault was decomposed along in situ cracks into sev-

eral independent fragments. These fragments were then recomposed and re-adjusted rela-

tive to each other, observing the clues and criteria of fit established beforehand. This process

turned out to be extremely time-consuming, as the reorientation of single fragments often

entailed major rearrangements of the whole morphology. After several iterations, however,

a satisfying solution could be reached, in which most of the actual anatomical contacts were

preserved and bilateral symmetry was restored. 

Up to this point of the reconstruction process, isolated fragments were submitted only

to translations and rotations, which affected their orientation and position relative to each

other but not their individual shape. Since many fragments are bent out of shape due to

taphonomic deformation, this state of the reconstruction exhibited various discontinuities

across fracture lines, which were introduced when adjacent fragments were readjusted to fit

into the overall morphology of the cranial vault (see model in Figure 22-4). To tentatively cor-

rect the effects of taphonomic deformation and re-establish a smoothly curving cranial vault,

thin plate spline (TPS) morphing (Bookstein, 1991) was applied. The procedure consists of

two basic steps, which are illustrated in Figure 22-4. A set of 3-dimensional landmarks is

placed on the cranial vault, and their 3-dimensional coordinates are determined before and

after the reconstruction. The positional changes of the landmarks are used to define a TPS

function, which performs a smooth interpolation of the original (deformed) morphology

into the reconstructed morphology (Figure 22-3). 

The resulting “smooth” reconstruction was fairly symmetrical with respect to the mid-

sagittal plane. Most importantly, its overall shape deviates considerably from the physical

state of preservation of the morphology. Considering the extremely fragmented state of the

vault at the time of discovery, this reconstruction might come as close as possible to the orig-

inal morphology of the individual at the time of death. However, it should be kept in mind

that the recovered shape of the cranial vault is hypothetical, given the hypothetical nature of

any correction of non-linear deformation. 

FIG. 22-4 – Correction of non-linear taphonomic deformation in the cranial vault. a: determination of landmark positions (x1 -

x4) on the original deformed morphology; decomposition along fracture lines and preliminary reconstruction, resulting in

landmark positions (x1’ - x4’); note discontinuities across fractures. b: thin plate spline interpolation x → x’ is used to correct

deformation and achieve an evenly-curved surface. 
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FIG. 22-5 – Final reconstruction. Standard anatomical views, orientation in Frankfurt plane. Parts completed with mirror-

images of contralateral regions are transparent (the original left mandibular fragment is transparent to show the developing

permanent dentition). Scale bar is 5 cm. 
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Face

The facial anatomy is represented by fragments from the nasal, orbital and frontal

regions and most of the deciduous dentition. Since no direct anatomical contacts exist

between these parts, various anatomical topographical clues were used to evaluate their posi-

tion and orientation relative to each other and to place them in anatomical space. As described

above, the maxillary deciduous teeth were placed in functional occlusion with their mandibu-

lar counterparts. The resulting upper dental arcade yielded quantitative estimates of the over-

all dimensions of the maxillofacial region (notably its width, height and degree of projection),

which could be used during the subsequent reconstruction of the bony parts (Figure 22-5). 

Table 22-1
Craniometric data of the reconstructed skull, in millimeters unless noted otherwise.

Midsagittal dimensions

glabella - opisthocranion 175

gnathion - prosthion 38

nasion - prosthion 46

nasion - bregma chord 100

nasion - bregma arc 115

bregma - lambda chord 115

bregma - lambda arc 130

lambda - opisthion chord 94

lambda - opisthion arc 115

lambda - inion chord 62

inion - opisthion chord 43

opisthion - basion 33

inion - basion 70

basion - gnathion 83

basion - prosthion 82

basion - nasion 88

basion - bregma 114

basion - lambda 106

Transverse dimensions

euryon 140

frontomalare orbitale 83

foramen magnum 26

gonion 69

dm2 44

dm2 48

pterion 114

porion 89

asterion 98

Volume

endocranial volume 1300 - 1350 cc

See text and figures for the degree of reconstruction inherent in each landmark.
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The preserved left nasal bone and left/right maxillary fragments permitted reconstruc-

tion of the nasal aperture using procedures of mirror imaging and match-merging similar

to those described for the reconstruction of the mandibular morphology. On the inferior

aspect of the right nasomaxillary fragment, the apical part of the crypts for the developing

permanent medial and lateral incisors are preserved. These crypts are typically situated supe-

riorly and slightly posteriorly relative to the functional deciduous incisors, in a free space

between the tips of the roots of the deciduous dentition and the nasal floor. In addition, the

degree of maxillary projection is constrained by the position and orientation of the decidu-

ous incisors. These topographical relations were taken into account to position the recon-

structed piriform aperture relative to the deciduous dental arcade. 

Mirror-imaging and match-merging techniques were used to reconstruct the orbital

region in the following way: A small fragment from the left lower orbital rim was mirror-

imaged to the right side to establish anatomical continuity with the maxillary, zygomatic and

frontal portions of the orbit. The free-floating left frontal orbital fragment could then be

adjusted relative to the more complete right side. Finally, the isolated fragment from the

metopic region of the frontal bone was placed relative to the face and cranial vault. Since

major landmarks such as nasion are not preserved on this fragment, the frontal (endocra-

nial) crest was used to determine its position relative to the remnants of the anterior cranial

fossa preserved on the internal aspect of the left and right fronto-orbital fragments. In a final

step, the anteroposterior position and inclination of the entire facial complex together with

the mandible was adjusted relative to the coronal region of the cranial vault and to the tem-

poromandibular joints reconstructed earlier. 

Morphometric Analysis

The 3-dimensional virtual reconstruction of the Lapedo child’s skull represents an ideal

basis for the acquisition of various types of morphometric data, which can subsequently be

submitted to comparative morphometric analyses. In computer graphics terms, the 3D

information of the fossil is represented as a graph, i.e. a set of 3D coordinates of surface ver-

tices (points), together with a description of the neighborhood relationships between these

vertices (specifying the topology of the surface structures). The basic units of information

that can be retrieved from the graphical representation are therefore 3D coordinates of

anatomical landmarks. Applying techniques of differentiation and integration to the graph

permits the acquisition of higher-order morphometric data such as distances and angles

between anatomical landmarks, surface areas, surface curvature, bone thickness, and

endocranial volume. Virtual morphometry is used here with two aims. The first is to provide

a set of classic craniometric measurements, which may serve for further comparative analy-

ses and which have been used to a limited degree in Chapter 17. These data are presented in

Table 22-1. To estimate the endocranial capacity, a complete endocast from a modern

human child’s skull (dental age 4 years) was morphed into the fragmentary endocranial

space of Lagar Velho 1. To this end, a set of anatomical landmarks was determined on both

specimens. The landmark correspondence was then used to define a thin plate spline inter-

polation function to perform the morphing between the two specimens (see comparisons in

Chapter 17). 

The second aim of virtual morphometry is to provide a preliminary comparative analy-

sis of the reconstructed craniomandibular morphology, using methods of “geometric mor-

phometrics” (Bookstein, 1991; Dryden and Mardia, 1998). The principal thrust of this



branch of morphometry lies in the integration of the real-space geometric properties of bio-

logical structures into multivariate analyses. The correspondence between biology and

geometry is established by the spatial configuration of anatomical landmarks, which are

explicitly chosen to represent locations of biological and geometric homology. In geomet-

ric morphometrics, the form of each specimen, as given by its landmark configuration, has

two basic constituents, size and shape, i.e. the extent and the geometry of the configuration,

respectively. As a measure of size, Centroid Size S is used (Bookstein, 1991). Shape is

expressed as the deviation of each specimen’s landmark configuration (landmark coordi-

nate by landmark coordinate) from the sample mean configuration. This so-called consen-

sus configuration is evaluated by averaging the generalized least-squares superimposition

of all specimens’ configurations (Rohlf and Slice, 1990). Hence, it is important to realize

that the definition of shape depends not only on the landmarks chosen, but also on the

composition of the sample. This set of linear deviations defines a linearized Procrustes

shape space with dimensionality [(3 x k) - 7] for k 3-dimensional landmarks per specimen

(the subtraction of 7 stands for the elimination of degrees of freedom of translation, rota-

tion and scaling). 

Using principal components (PC) analysis, it is possible to express shape variability as

a suite of statistically independent modes of shape change (eigenvectors), each of which is

associated with a certain proportion (eigenvalue) of the total shape variance (Dryden and

Mardia, 1998). Typically, the first few principal components contain significant proportions

of the total shape variability in the sample, such that the dimensionality of the data set can

be reduced considerably. The application of PC analysis of shape variability in the present

context poses specific challenges. Skulls are bilaterally organized structures, which display

patterns of correlated shape variation between left and right sides as well as patterns of devi-

ation from symmetry. Fluctuating and/or directional asymmetry may convey biologically

significant information. In fossil skulls like that of the Lapedo specimen, however, the bio-

logical patterns of asymmetry in cranial geometry cannot be recovered during reconstruc-

tion, first, because diagenetic asymmetry clearly dominates over in-vivo effects, and second,

because mirror-image completion of missing parts disrupts natural patterns of asymmetry.

In a comparative analysis containing both fossil and extant specimens, it is therefore neces-

sary to eliminate asymmetry and confine the analysis of shape variability to bilaterally sym-

metric patterns of shape variation. A convenient method to render a specimen symmetrical

with respect to its midsagittal plane consists of calculating the average of the original land-

mark configuration and its own mirror image (Ponce de León and Zollikofer, 2001;

Zollikofer and Ponce de León, 2002). 

The geometric morphometric analysis of the Lagar Velho 1 skull was performed with a

comparative sample comprising recent and early modern humans and Neandertals from the

age of 2 years to adulthood (details of the sample structure are given in the legend to Figure

22-6 and in Ponce de León and Zollikofer, 2001) The set of landmarks used to quantify the

craniomandibular geometry comprises well-known “classic” craniometric landmarks such

as meeting points between sutures and other boundary structures. Since the facial region is

more densely populated with these landmarks than the cranial vault, additional landmarks

were included to achieve a fairly homogeneous sampling of the cranial geometry. These

landmarks denote centers of growth (e.g. the parietal and frontal eminences) and midpoints

along suture lines. 

Shape variability was analyzed with the methods described above for the combined

craniomandibular landmark configurations. The results of the PC analysis correspond to

those of an earlier comparative study of ontogenetic patterns of shape change in Neandertals
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and modern humans (Ponce de León and Zollikofer, 2001). The first principal component

of shape variability, which accounts for a large proportion of the total variance in shape

(47.7%) is correlated with size and age. The second component, which accounts for 11.6%

of the shape variability, separates modern humans from Neandertals, while all further prin-

cipal components (accounting for the remaining 40.7% of the shape variability in the sam-

ple) do not exhibit correlations with age, size or taxon. Since Neandertals and modern

humans exhibit approximately parallel ontogenetic trajectories through shape space along

PC1 and are clearly separated from each other along PC2, it is possible to use this graph as

a classifier to assess the morphological position of the Lagar Velho 1 skull. Evidently, the

reconstructed morphology falls within the shape variation displayed by fossil and extant

anatomically modern humans with a dental age of 3 to 5 years. 
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FIG. 22-6 – Geometric morphometric analysis of the craniomandibular shape in an ontogenetic series of anatomically modern

humans (open circles/diamonds: extant/fossil specimens; Q9,11: Qafzeh 9,11), Neandertals (black triangles) and the Lagar

Velho 1 specimen (crosses: two reconstructive versions). Numbers indicate dental age in years; Neandertals specimens: 

Pech-de-l’Azé 1 (P), Roc de Marsal 1 (R), Devil’s Tower 1 (D), Teshik Tash 1 (TT), Le Moustier 1 (M), Tabun 1 (T), Amud 1 (A),

La Ferrassie 1 (F). PC1 and PC2 are the two most significant, statistically independent, modes of shape variation. Individuals

are ordered along axis PC 1 according to their dental age (adults are on the right side). Modern humans are separated from

Neandertals along PC 2. 
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chapter 23 | The Dental Remains
❚ SIMON W. HILLSON ❚ JOSÉ MANUEL SANTOS COELHO ❚ 

This chapter presents a description (preservational and morphological) of the Lagar

Velho 1 dental remains. All of the tooth positions are represented by at least one side (except

the third molars, which would not have started calcification in an individual of the develop-

mental age of Lagar Velho 1). Of the forty-eight teeth that would have been present at the

time of death, forty-six (95.8%) are preserved at least in part. The only missing teeth are the

permanent left upper second premolar and the permanent right lower second premolar

(Chapter 13). In addition, five permanent teeth, the right lower first incisor to the left lower

first premolar, remain within their crypts in the mandible and are observable primarily radi-

ographically (Fig. 23-8).

The now separated right lower deciduous second incisor to left lower deciduous second

molar, as well as the permanent right lower second incisor and permanent left lower second

premolar to second molar, were in their sockets or crypts in the mandible when discovered.

The remainder of the teeth were found isolated either in situ during excavation or during

sorting of the screened sediments in the laboratory. Identifications of the former mandibu-

lar teeth are therefore secure; the remainder are based on morphology but present no ambi-

guities.

The descriptive terms used follow those of Hillson (1996) and Scott and Turner (1997).

Stages of dental development are recorded following Gleiser and Hunt (1955), Moorrees et

al. (1963) and Smith (1991). Dental morphology scores are given according to the Arizona

State University Dental Anthropology System — ASU DAS (Turner et al., 1991). Tooth wear

is recorded by the dentine exposure stages of Smith (1984) and tabulated for the deciduous

teeth (Table 23-1).

The Deciduous Teeth (Figs. 23-1 to 23-3; see also Figs. 21-2 and 21-3)

Deciduous upper first incisors

Both left and right upper first incisors are preserved as isolated specimens. They are

practically complete, but the enamel is in a particularly delicate condition. This is often seen

in archeological deciduous incisors, because the enamel layer is very thin. Both teeth have

lost enamel from the tuberculum dentale region (the same condition is seen in the lower

incisors). The upper left first incisor is covered in a thin layer of sediment, cemented hard

onto the surface, and enamel has been lost from most of the lingual surface. The roots are

undamaged, however, and show a fully developed apex and no sign of resorption. There is

an occlusal attrition facet extending all along the incisal edge (Smith stage 1). On the right

tooth, there is a small mesial approximal wear facet but little sign of wear at the distal con-

tact point. Because of its sediment coating, it is not possible to see these features in the left

tooth. The labial surface of the right incisor is also marked by a series of fine scratches (in a

range of orientations) which can be seen with the naked eye.
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Both teeth show the typical low and broad (mesiodistally) human deciduous upper first

incisor crown form. The labial surface is quite strongly curved (ASU score 3), as would also

be expected for this tooth type. Damage to the lingual surface makes it impossible to see the

form of the marginal ridges and tuberculum dentale.

Deciduous upper second incisors

Both left and right upper second incisors are preserved as isolated specimens. Part of

the root apex and mesial side of the root are broken away in the left tooth, but the apex is

complete in the right second incisor, with no sign of resorption. There are pronounced

occlusal attrition facets on both teeth (Smith stage 3-4). In the left incisor, a single facet is

strongly angled distally. The normal distal contact point has been removed by this, and no

real approximal wear facet is present at this side (this matches the mesial facet on the upper

deciduous canine; see below). There is, however, a small mesial approximal wear facet. In

the right incisor, the occlusal wear facet has a sharp angle in it, so that one half runs straight

across and the other is angled distally. Once again, the distal approximal facet is not present,

but the mesial facet is present. 

FIG. 23-1 – Deciduous upper dentition. Buccal (labial) views. The top row of pictures shows the deciduous upper right teeth,

including (from left to right): second molar, first molar, canine, second incisor, first incisor. The lower row of pictures shows

the deciduous upper left teeth, including (from left to right): first incisor, second incisor, canine, first molar, second molar.

Scale in centimeters.
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The labial surfaces of both crowns are convex (ASU score 3). On the lingual surface, the

marginal ridges are not strongly developed (ASU score 1 for shovelling), and there is only a

slight extension from the tuberculum dentale (ASU score 0).

Deciduous lower first incisors

Both left and right lower first incisors are present as isolated specimens, and both fit into

the appropriate alveoli in the mandible fragment. As with the upper first incisors (above),

enamel has fractured away from the tuberculum dentale on the lingual side. The roots are

intact, with fully developed apices and no clear sign of resorption. There is a prominent occlusal

attrition facet, exposing a substantial line of dentine along the incisal edge (Smith stage 2). The

distal approximal wear facet is large, running almost the full height of the crown, whereas the

mesial facet is smaller. On the labial surface, there is a pattern of fine and coarse scratches.

The crown is quite asymmetrical for a deciduous lower first incisor, but not out of nor-

mal range for recent humans. Damage to the lingual surface makes it impossible to exam-

ine the prominence of the marginal ridges and tuberculum.

FIG. 23-2 – Deciduous lower dentition. Buccal (labial) views. The top row of pictures shows the deciduous lower left teeth,

including (from left to right): first incisor, second incisor, canine, first molar, second molar. The lower row of pictures shows

the deciduous lower right teeth, including (from left to right): second molar, first molar, canine, second incisor, first incisor.

Scale in centimeters.
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Deciduous lower second incisors

Both left and right lower second incisors are present as isolated specimens, and both fit

into their alveoli in the mandible fragment. As with the first incisors, enamel has fractured

away from the tuberculum region on the lingual surface. The mesial side of the crown has

also been damaged in the left tooth. The roots are intact, with fully developed apices and no

sign of resorption. The incisal edge is marked by an occlusal attrition facet with a fine line

of exposed dentine (Smith stage 1). In the right tooth, where it is preserved, there is a large

mesial approximal wear facet running up much of the crown side, to match the facet on the

first incisor. The distal approximal facet is smaller. As with the other incisors, the labial sur-

face is marked with a pattern of scratches.

The crown morphology follows the expectations for deciduous lower second incisors in

recent and Late Pleistocene humans. They are always slightly larger and more strongly asym-

metrical than the first incisors. The damage to the lingual surface makes it impossible to

assess the prominence of the marginal ridges or tuberculum.

Deciduous upper canines

Both left and right upper canines are preserved as isolated specimens, with little sign

of damage. The right tooth, however, is extensively covered with hard sediment, cemented

FIG. 23-3 – Occlusal view of the mandibular corpus with the deciduous left dentition and right incisors replaced in their sockets.

From left to right in the picture: left second molar, first molar, canine, second incisor and first incisor, right first incisor and

second incisor.
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onto its surface. In each tooth, the root is intact, with a fully developed apex and no sign of

resorption. Occlusal attrition has exposed just a dot of dentine at the tip of the main cusp

(Smith stage 2). In the left canine, there is a small distal approximal wear facet, just involv-

ing the enamel, and only a small area of rounded polishing at the mesial contact point. It is

not possible to see these features sufficiently clearly in the sediment covered right tooth, so

it is not clear if the lack of a mesial approximal facet on the left canine relates to the wear

anomaly of the second incisor (above). In the left tooth, there is a small deposit of calculus

on the buccal surface of the crown.

The root in each tooth shows a sharp deviation to buccal, but there is no sign of resorp-

tion; this is quite a common feature of the root morphology in deciduous anterior teeth. In

buccal view, the crown form has the normal robust diamond shape of a deciduous upper

canine. On the lingual surface, the marginal ridges are little developed (ASU score 1 for

shovelling).

Deciduous lower canines

Both left and right lower canines are preserved as isolated specimens, and the left tooth

fits neatly into its alveolus in the mandible fragment. The root apex is fully developed with no

sign of resorption. In the left tooth, there is a strongly distally-slanted occlusal wear facet

(Smith stage 2), which has removed the distal corner of the crown, including the contact point

and most distal part of the incisal edge. The rest of the incisal edge shows little wear. This pat-

tern of facets matches the strongly slanting facet on the upper left second incisor (see above).

The right deciduous lower canine exhibits a similar, if slightly less pronounced, distally-slant-

ed occlusal wear facet. The left tooth has small mesial and distal approximal wear facets (the

mesial being smaller than the distal), whereas the right one exhibits a distal one but little trace

of a mesial one. The left buccal surface bears a small supragingival calculus deposit.

The form of the tooth is much less robust than that of the upper canine, as is expected

for deciduous lower canines in recent humans. On the lingual surface, the marginal ridges

are only slightly marked (ASU score 1 for shovelling), and there are no other morphological

variants present.

Deciduous upper first molars (or third premolars)

Both left and right upper first deciduous molars are preserved as isolated specimens.

The right tooth seems undamaged, but the apical quarter of the lingual root in the left tooth

has broken away. The undamaged apices are fully developed, and there is no sign of resorp-

tion. Occlusal wear is moderate (Smith stage 3), with small areas of dentine exposed at the tips

of the mesiobuccal, mesiolingual and distobuccal cusps. In both teeth, there is a large distal

approximal facet to match the mesial facet on the second deciduous molars (see below), and

a small mesial approximal facet on the side of the mesiobuccal cusp, fitting the small distal

facet of the canines. There are traces of supragingival calculus deposits on the crown.

As is expected for human deciduous upper first molars, both teeth have three roots and

there is a prominent radicular plate linking the lingual and distobuccal roots. The crown is

a four cusped form, with moderately well developed distobuccal and distolingual cusps. The

buccal crown side bears a prominent tubercule of Zuckerkandl, and the Carabelli trait is

slightly developed (ASU score 1) in both teeth.
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Deciduous upper second molars (or fourth premolars)

Both left and right upper second deciduous molars are present as isolated specimens.

The right tooth is undamaged, but the left has the apical half of its lingual root broken away.

Those apices that are undamaged are fully developed, and there is no sign of root resorption.

Occlusal attrition is slight on both sides (Smith stage 1) with only small facets in the enamel

at the tips of the cusps. There is a large mesial approximal facet, about 4 mm along its longest

axis (buccal-lingual), but no distal facet. This shows that the permanent first molar had not

yet erupted into occlusal position, and it matches the situation in the mandibular fragment.

Traces of supragingival calculus survive on both tooth crowns, and there is a substantial

deposit on the buccal crown side of the left tooth.

As is expected for deciduous upper second molars, there are three roots, and a promi-

nent radicular plate unites the lingual and distobuccal roots. All four main cusps of the

crown are well developed, with a large Cusp 4 (distolingual or hypocone, ASU score 5) and

moderate sized Cusp 3 (distobuccal or metacone, ASU score 4). The left tooth bears a small

Cusp 5 (metaconule, ASU score 2), but this is absent in the right tooth. Both teeth, howev-

er, bear a Carabelli cusp. This is more prominent in the right tooth (ASU score 5) than the

left (ASU score 4). There is also a small supernumerary cusplet in the mesial fossa of the

occlusal surface, on the mesiolingual corner of the mesiobuccal cusp.

Deciduous lower first molar (or third premolar)

Both left and right first molars are preserved as isolated specimens. They are undam-

aged, and the left tooth fits into its alveolus in the mandibular fragment. The root apices

appear to be undamaged, have completed their development, and show no sign of resorp-

tion. Occlusal attrition is moderate (Smith stage 4) with marked areas of dentine exposed at

the tips of the mesiobuccal cusp and both distal cusps. Approximal wear has produced a

large distal facet, matching the mesial facet on the second deciduous molar (see below), and

a small mesial facet that matches the distal facet on the canine (above). There are vestiges of

what appear to be supragingival calculus deposits all around the crown sides.

The crown is a four cusped form, with well developed distobuccal and distolingual

cusps and a clear distal marginal ridge. On its buccal side the crown bears a prominent

tubercle of Zuckerkandl.

Deciduous lower second molars (or fourth premolars)

Both left and right lower second deciduous molars are preserved as isolated specimens,

with only minimal damage. The left tooth fits neatly into its alveolus in the mandibular frag-

ment. The apical quarter of the mesial root is broken away in both teeth, and a small part of

the distal root apex has been lost in the right tooth. On the one root that retains most of its

apex (the distal root of the left molar), the apex seems to have been fully developed, and there

appears to be a small amount of resorption, but it is difficult to distinguish this from post-

mortem damage. There is a small amount of occlusal attrition (Smith stage 2), with a small

facet in the enamel at the cusp tips, exposing a small dot of dentine at the tip of the mesiobuc-

cal cusp. The central fossa of the occlusal surface is also somewhat worn, obscuring the details

of fissure morphology. There is a mesial approximal wear facet around 3.5 mm along 
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its longest diameter (buccal-lingual). There are vestiges of what appear to be supragingival cal-

culus deposits all around the crown sides.

There are five main cusps to the crown, with Cusp 5 (distobuccal or hypoconulid) well

developed (ASU score 5 in both crowns). Cusps 6 (entoconulid) and 7 (metaconulid) are not

developed. The fissure pattern seems to be “Y” (with contact between the mesiolingual and

centrobuccal cusps), but it is difficult to be sure because of the occlusal wear. The mesial

marginal ridge is moderately prominent (ASU score 2) in the left tooth, creating a distinct

anterior fovea. In the right tooth, it is strongly developed (ASU score 4).

Table 23-1
Occlusal attrition scores, following Smith (1991), for the Lagar Velho 1 deciduous
teeth.

Maxilla - right Maxilla - left Mandible - right Mandible - left

di 1 1 1 2 2

di 2 3-4 3-4 1 1

dc 2 2 2 2

dm 1 3 3 4 4

dm 2 1 1 2 2

The Permanent Teeth (Figs. 23-4 to 23-8)

Permanent upper first incisors

Both upper right and left first incisors are preserved

as isolated specimens. The crowns were still developing

and the delicate growing edges survive largely intact,

with just a little damage in the left tooth. At the time of

death, the crowns were almost complete — more than

Cr.3/4 but not quite Cr.C stage (Moorrees, et al., 1963) —

and the enamel matrix was still being formed on the labi-

al and lingual sides, even though the cement-enamel

junction is clearly delimited where it curves up the

mesial and distal sides.

The crowns are complete enough to show their

morphology clearly. Both have prominent marginal

ridges on the lingual side (especially the distal marginal

ridge), giving them the typical shovelled shape of upper

incisors. The shovelling is not particularly pronounced,

FIG. 23-4 – Isolated teeth of the permanent upper dentition. Occlusal view. 

The left hand row of pictures show the upper right teeth including (from 

top to bottom): first incisor, second incisor, canine, first premolar, second

premolar, first molar, second molar. The right hand row of pictures show

the upper left teeth including (from top to bottom): first incisor, second

incisor, canine, first premolar, first molar, second molar. The upper left

second premolar was not recovered. All the teeth are only partially formed,

and the small sizes of the second premolar and second molar crowns are

due to the early stages of their development. Scale in centimeters.
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however (ASU score 2 for shovelling). At the base of the crown is a moderately developed

lingual tuberculum dentale, with three tuberculum extensions running into the concave lin-

gual surface of the right tooth, and a single large tuberculum extension on the left tooth

(ASU score 3 in both teeth). There is a pronounced interruption groove in the left tooth (ASU

type ‘M’) and a less pronounced interruption groove in the right tooth (ASU type ‘Med.’).

The labial surface is only slightly concave (ASU score 1), and its mesial and distal edges are

marked by slight ridges which are pronounced enough to qualify as ‘double shovelling’

(ASU score 2). Along the unworn incisal edge, the left incisor has the normal three mamel-

ons, and the right incisor has four (a small extra mamelon is divided from the large mesial

mamelon).

FIG. 23-5 – Permanent upper incisors and canines. Lingual view. The picture shows (from left to right): left first incisor, right

first incisor, right second incisor, right canine. Scale in millimeters.

FIG. 23-6 – Permanent upper incisors. Labial view. The picture shows (from left to right): right second incisor, right first

incisor, left first incisor. Scale in millimeters.
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Permanent upper second incisors

Both the upper right and left second incisors have survived as isolated specimens. The

crowns were still being formed at the point of death, with just the curves of the cement-

enamel junction being delimited on the mesial and distal sides. This is just a little over the

Cr.3/4 stage of development (Moorrees et al., 1963). The tuberculum dentale on the lingual

side was not completely formed at the time of death, but in the right incisor it is possible to

see that it would have been marked by an interruption groove (ASU type ‘Med.’), and there

would have been one large tuberculum extension (ASU score 3). These features are not pre-

sent on the left incisor, which has only a modest tuberculum extension (ASU score 2). The

marginal ridges on the lingual crown sides are only moderately developed (ASU score 2

shovelling) in both left and right teeth. On the labial surface, there is a slight ridge along the

mesial edge (ASU score 1 double shovelling). For the right second incisor, there are two

main mamelons on the unworn incisal edge, with a slight division of the mesial mamelon

to give a very reduced central (third) mamelon. A groove runs down the labial crown side

from this point. In the left second incisor, there are three mamelons, with the central one

being quite prominent. These differences in form between the two antimeres are also

reflected in their mesiodistal diameters, which are a full half millimeter different.

Permanent lower first incisors

The left and right lower first incisors are both preserved in their crypts inside the

mandible. Parts of their crowns can be seen through the alveoli of the deciduous first incisors

and through a hole in the wall of the permanent

right second incisor crypt, which is exposed at

the fractured edge of the mandibular fragment

(see below). It is possible to see that crown for-

mation is substantially complete, but not

enough of either tooth can be seen to examine

the forming surface on the labial and lingual

sides. Radiographs suggest that the teeth would

have been at least at the Cr.3/4 stage, and per-

haps at the Cr.C stage (Moorrees et al., 1963),

but it is not possible to be sure. The radiographs

also show the clear outline of three well-devel-

oped mamelons (Fig. 23.8).

FIG. 23-7 – Isolated teeth of the permanent lower dentition.

Occlusal view. The left hand row of pictures shows the lower

left teeth including (from top to bottom): first molar, second

molar. The right hand row of pictures shows the lower right

teeth including (from top to bottom): second incisor, canine,

first premolar, first molar, second molar. All teeth are still

developing, and the small size of the second molars is due to

their early stage of development. The right second premolar

was not recovered, the left second premolar is incomplete and

not included in the Fig., and the right first incisor to left first

premolar are in their crypts in the mandible (see Fig. 23-8).

Scale in centimeters.
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FIG. 23-8 – Radiographs of mandible, with developing permanent teeth in situ. The upper radiograph is a lateral-medial

projection, showing the outlines (from left to right) of the right first incisor with the left first incisor superimposed over it,

left second incisor with the canine superimposed and below it, and the left first premolar. To the right of this tooth are the

crypts for the unerupted left second premolar, first molar and second molar. The lower radiograph is an anteroposterior

projection and provides a different orientation for the incisors and canine in their crypts showing, from left to right, the right

first incisor, left first incisor, second incisor, canine (lower than the other teeth) and first premolar. Three mamelons can be

made out on the incisal edges of the first incisors.
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Permanent lower second incisors

The lower left second incisor is preserved in its crypt inside the mandible, where it

can be seen in radiographs, but not at the surface. The lower right second incisor survives

as an isolated specimen, which was removed during cleaning from the crypt exposed at

the edge of the mandibular fragment. The delicate developing edge of the tooth is at least

partly preserved, and it shows that the crown was almost complete at the point of death

— more than Cr.3/4 but not quite Cr.C stage (Moorrees et al., 1963). In labial and lingual

views, the crown is markedly asymmetrical, with a strongly bulging distal edge. The lin-

gual marginal ridges are only slightly developed (ASU score 1 or 2 “trace” shovelling), and

there is only a slight tuberculum dentale bulge. On the labial side, the mesial crown edge

is marked by quite a sharp ridge. There are three prominent mamelons along the unworn

incisal edge, with marked grooves running down between them onto the labial and lin-

gual sides.

Permanent upper canines

Both left and right upper canines are preserved as isolated specimens. The delicate

developing edge of the tooth survives in both cases, and shows that the crown was some-

what more than half-complete — just over the Cr.1/2 stage (Moorrees et al., 1963). When

completed, the canine crowns would have been robust, with strongly bulging distal sides.

The marginal ridges are only slightly developed (ASU score 1 shovelling), but the crown

is not yet sufficiently developed to see how prominent the lingual tuberculum dentale

would have been. Most upper canines have a single ‘buttress’ like structure running from

the tuberculum onto the concave lingual surface but, in Lagar Velho 1, there are two

prominent tuberculum extensions with a marked groove between them. This feature is

uncommon in modern humans (but see below). On the lingual side of both teeth (espe-

cially the left) there is also a moderately developed distal accessory ridge (ASU score 3 for

DAR).

Permanent lower canines

The left lower canine is preserved inside its crypt in the mandible fragment and cannot

be seen from the surface, although it is clearly apparent in radiographs. The right lower

canine survives as an isolated specimen. It is a little more complete than the upper canines

at about the Cr.3/4 stage of development (Moorrees et al., 1963). The marginal ridges are not

prominent, but their edges are particularly sharply defined. There is a weakly developed dis-

tal accessory ridge (ASU score 2 for DAR).

Permanent upper first (or third) premolars

Both upper first premolars are preserved as isolated specimens. They were still devel-

oping at the point of death, and the occlusal surfaces and part of the crown sides are com-

plete — about the Cr.1/2 stage of development (Moorrees et al., 1963). They show the normal

two main cusps and marginal ridges, marked by a prominent developmental groove on the

mesial marginal ridge.



Permanent upper second (or fourth) premolar

Only the right upper second premolar is preserved as an isolated specimen. As would

be expected, it is slightly less developed than the first premolar — a little less than the Cr.1/2

stage of development (Moorrees et al., 1963). The completed occlusal surface bears two main

cusps, continuous mesial and distal marginal ridges, with two small cusps decorating the

mesial ridge. 

Permanent lower first (or third) premolars

The left lower first premolar is preserved in its crypt inside the mandible, where it can

be seen in radiographs. The right lower first premolar survives as an isolated specimen. Its

crown was still developing at the point of death, and it had reached the Cr.1/2 stage of devel-

opment (Moorrees, et al., 1963). The tooth is not complete enough to show many morpho-

logical details, but it would have had a pronounced mesiolingual groove separating a large

distal lingual cusp from a much smaller mesial cusp (ASU score 6).

Permanent lower second (or fourth) premolar

The right lower second premolar is missing, but part of the left second premolar was

found in its exposed crypt in the mandible fragment. Only the lingual half of the developing

crown is preserved. The occlusal surface was complete and shows one main lingual cusp, with

a much smaller cusp to mesial and distal (this variation is not scored by the ASU premolar

lingual cusps plaque and the closest would be stage 0). The crown is less developed than the

first premolar — rather less than the Cr.1/2 stage of development (Moorrees et al., 1963).

Permanent upper first molars

Both left and right upper first molars are preserved as isolated specimens. The delicate

edge of the roots which was forming at the time of death survives in both of them, but part

of it has broken away in the left tooth. There are indentations marking the start of the fur-

cations between the three roots of these teeth, but it is also clear that the floor of the pulp

chamber had not yet been formed, so development had reached the “initial cleft formation”

or Cli stage only (Moorrees et al., 1963). This is not so far advanced as in the lower teeth, and

it is what would be expected in the development of modern human dentitions. The distance

between the start of the furcations and the cement-enamel junction is also what would be

expected in modern humans, and there is no sign of the taurodont condition. The roof of the

pulp chamber shows four diverticles, corresponding to the positions of the main cusps of

the crown in both teeth.

The crowns have four well-developed main cusps, with Cusp 4 (the distolingual or

hypocone) being particularly large at ASU score 5. The right tooth has just a trace of a Cusp

5 (metaconule ASU score 1) on its distal marginal ridge, but this is absent in the left molar.

There is also a trace of the Carabelli trait (ASU score 1) on both teeth, marked by a small

depression on the mesiolingual crown side. Another distinctive feature (not covered by the

ASU system) is the presence of a small tubercle on the oblique ridge of each tooth.
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Permanent upper second molars

Both left and right upper second molars are preserved as isolated specimens. Their

crowns were in mid-development at the time of death, with the occlusal surface at the “cusp

outline completed” or COC stage (Moorrees et al., 1963), as in the lower second molars. The

outlines of the main three cusps can be seen, but there is only a trace of Cusp 4 (distolin-

gual or hypocone) in both upper teeth. This may be taken to suggest that it would not have

been large in the completed crowns, but this might have changed with further development.

Permanent lower first molars

Both left and right lower first molars are preserved as isolated specimens, and the left

tooth fits into its exposed crypt in the mandible with its cusp tips just showing at the crest

of the alveolar process. The lower left first molar is practically complete, including the plate

of dentine which forms the floor of the pulp chamber and the furcation of the roots. In this

tooth, much of the finely tapered forming edge of both roots is still present, with only a lit-

tle damage in places. Much more has broken away from the lower right first molar, so that

none of the forming root edge is preserved, or the floor of the pulp chamber. Where the state

of development at death is well preserved, in the left molar, it is clear that the tooth had

reached the R1/4 stage (Moorrees et al., 1963). The roots have the typical lower molar form,

with a wider (buccal to lingual) mesial root, bearing a shallow groove down its mesial side.

In both lower molars, the roof of the pulp chamber shows five diverticles, one underneath

each of the main cusps of the crown. As with the upper molars, however, the distance

between the furcation and the cement-enamel junction in the left first molar is what would

be expected in modern humans, and there is no sign of the taurodont condition.

The lower first molar crowns are both undamaged and unworn (they clearly never

erupted). They are robust, with bulging sides. There are five well developed cusps, with Cusp

5 (the distobuccal or hypoconulid) being at the largest state of development (ASU score 5) in

both teeth. Neither crown has any trace of Cusp 6 or Cusp 7 development, nor do they show

the deflecting wrinkle of Cusp 2, or a mid-trigonid crest (which sometimes connects Cusp 1

with Cusp 2). The fissure pattern is “Y”, with Cusp 2 (the mesiolingual or metaconid) meet-

ing Cusp 3 (the centrobuccal or hypoconid) at the center, although the line of contact is nar-

rower in the left molar than the right. The right molar has a trace of a protostylid (ASU score

1) on its mesiobuccal crown side, but the left molar does not show this feature. Finally, a

trace enamel extension is present in both teeth, deflecting the cement-enamel junction down

to a small point at the furcation between the roots.

Permanent lower second molars

The developing crowns of both lower second molars are present and undamaged, and

it is possible to fit the left tooth into its exposed crypt in the mandible. It is possible to see

the outlines of the occlusal surface four main cusps, separated by fissure systems which look

like the “+” form, but they are all indistinct and it seems that the cusps had still not quite

been completed at the point of death. On careful examination of the developing occlusal sur-

face, it seems that the distobuccal cusp tip is divided into two eminences — implying that

the fully developed crown would actually have had five cusps. This is confirmed by looking
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at the developing dentine surface, inside the cap of the crown, where there are five depres-

sions corresponding to the positions of the diverticles that would ultimately have been pre-

sent in the pulp chamber roof. Comparison with the development stages of Moorrees et al.

(1963) is difficult, because they were devised for use with radiographs where the state of

development cannot be seen in such detail, but at least all the cusps were united and this

would put the teeth into the “cusp outline completed” or COC stage. 

Summary

Lagar Velho 1, because of the development stage of the dentition, lack of wear, the frag-

mentation of the jaws and the high level of recovery during excavation, has an exceptional

collection of permanent and deciduous teeth, mostly isolated from the jaws. This makes it

possible to see much of the morphology exceptionally clearly. The dating of the site invites

comparison between Lagar Velho 1, the earliest large assemblages of European Late

Pleistocene modern humans from Dolni Věstonice and Pavlov in the Czech Republic, and

the latest Neandertals from Zafarraya (Spain), Hortus (southern France), St. Césaire and

Arcy-sur-Cure (central France), and Vindija (Croatia) — all of which have relatively small

teeth compared with the main group of European Neandertals. The morphology of the Lagar

Velho 1 permanent teeth in general overlaps with that of modern humans, and the scores on

the ASU system would not be out of place even in many Holocene collections. 

For example, the modest shovelling and moderate lingual tubercle in the permanent

upper incisors contrasts strongly with the heavy shovelling and pronounced tubercle of

Hortus 7, 8 and 9, Arcy-sur-Cure IVb6-B7, St. Césaire, and Vindija 289 and 290. However,

the Lagar Velho upper first incisors are close to the more modest shovelling and tubercle

seen in the Subalyuk 2 Neandertal upper first incisor (E. Trinkaus, pers. comm.). Dolní

Věstonice 15 has more pronounced shovelling and a more prominent tuberculum than

Lagar Velho 1, although these features are less pronounced in the other specimens from

Dolní Věstonice and Pavlov. A series of maxillary incisors from the Aurignacian of Les Rois

shows a range that extends from slightly greater shovelling than that seen in Lagar Velho 1

to a complete absence of marginal ridges. However, the slight double-shovelling of the Lagar

Velho 1 upper incisors is unknown among the Neandertals, most of whom have maxillary

incisors with strongly convex labial surfaces. It is also rare in early Upper Paleolithic speci-

mens, being noted so far only in the Combe Capelle 4 and Paglicci 1 upper second incisors

but not on the latter’s upper first incisors (A. Coppa, pers. comm.).

The Lagar Velho 1 upper canines are not heavily shovelled, but they are unusual in lack-

ing a lingual buttress running up the crown. Instead they have two prominent tubercle exten-

sions. This condition is uncommon in modern human teeth and is not seen for example in

the Dolní Věstonice and Pavlov material, but the lingual buttress is missing in the heavily

shovelled late Neandertal upper canines of Hortus 8 and 9, and St. Césaire 1. The Hortus 3

upper canine has heavy shovelling, no lingual buttress and prominent tubercle extensions

which are like those of Lagar Velho 1 (Lumley, 1973). The Lagar Velho 1 permanent first

molars also overlap in form with those of modern humans. In particular, they show no sign

of the taurodont condition, as is seen in the late Neandertals such as Hortus 2, 5 and 8 and

St. Césaire 1 but, from the published photographs, not Zafarraya 2. The lower first molars also

do not have the mid-trigonid crest that is characteristic of most Neandertals (Bailey, 2002).

Deciduous tooth morphology overlaps extensively in modern humans and Neandertals,

and Lagar Velho 1 would not be out of place in either group.

355

chapter 23 | THE DENTAL REMAINS



356

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

chapter 24 | Comparative Dental Crown Metrics
❚ SIMON W. HILLSON ❚ ERIK TRINKAUS ❚ 

The Lagar Velho 1 dentition provides a relatively complete set of dental crown and

cervix metrics given the state of development of the dentition and the availability of perma-

nent teeth outside of their developmental crypts. None of the deciduous teeth is missing,

and only the maxillary anterior deciduous teeth and one deciduous lower second incisor lack

any measurements (their labiolingual diameters) as a result of postmortem damage (in this

case, loss of the lingual enamel near the cervix) (Tables 24-1 and 24-2). The dental metrics

of the permanent teeth (Tables 24-3 and 24-4) are limited principally by the degrees of cal-

cification of the teeth. In addition, the right first incisor to the left first premolar remain

inaccessible within their crypts in the mandibular corpus.

Comparative Materials

Dental crown metrics are one of the few aspects of the Lagar Velho 1 remains for which

reasonable comparative samples of Late Pleistocene human remains are known. However,

substantial samples are available principally for the buccolingual diameters of the perma-

nent tooth crowns. Deciduous teeth are rare for Late Pleistocene humans, especially for ear-

lier Upper Paleolithic early modern humans, and the majority of the known permanent

teeth have had their mesiodistal diameters reduced through combinations of occlusal and

approximal attrition (see sample sizes in Tables 24-5 to 24-8). 

For the comparisons, the data are taken principally from the primary descriptions of the

fossils, supplemented by remeasurement of some specimens, measurements provided by

colleagues of currently unpublished remains, and measurements from currently unpub-

lished remains by one of the authors. In all cases where both antimeres provide the mea-

surement, the values were averaged to provide a measure for the individual prior to the com-

putation of sample summary statistics. 

For the deciduous dentition, the earlier Upper Paleolithic specimens are from the sites

of Bombrini, Caldeirão, Dolní Věstonice, Fanciulli (Grotte-des-Enfants), Fontéchevade,

Labatut, Miesslingtal, Paglicci, Pataud, Pavlov, La Quina, Les Roches and La Rochette (34

individuals), Qafzeh and Skhul are grouped together (10 individuals), and the Neandertals

are from the Near Eastern sites of Amud, Dederiyeh, Kebara and Shanidar (7 individuals)

and the European sites of Archi, Aubesier, La Chaise-Bourgeois-Delaunay, Caminero, Cav-

allo, Châteauneuf-sur-Charente, Combe Grenal, Cova Negra, Devil’s Tower, Engis, La Fer-

rassie, Font-Qui-Pisse, Hortus, Ku
0

lna, Roc de Marsal, Neussing, Pech-de-l’Azé, Peyrards,

Pie-Lombard, Le Placard, Le Portel, La Quina, Rigabe, Salemas, Subalyuk, Taubach, Valde-

goba and Zaskalnaya VI (39 individuals). For the permanent dentition, Neandertal speci-

mens are from the Near Eastern sites of Amud, Dederiyeh, Kebara, Shanidar and Tabun (17

individuals) and the European ones of Arcy-sur-Cure, Agut, Angles-sur-l’Anglin, Aubesier,

La Balauzière, Banyoles, Bombarral, La Chaise-Bourgeois-Delaunay, Camerota, Caminero,

Châteauneuf-sur-Charente, Combe Grenal, Cotencher, Cova Negra, Croze-del-Dua, Devil’s
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Tower, Le Fate, La Ferrassie, Forbes’ Quarry, Fossellone, Genay, Guattari, Hortus, Ku
0

lna,

Malarnaud, Marillac, Abri des Merveilles, Monsempron, Montgaudier, Le Moustier, Petit-

Puymoyen, Peyrards, Poggi, Le Portel, La Quina, Régourdou, Saccopastore, Saint Brais,

Saint Brelade, Saint-Césaire, Šipka, Spy, Subalyuk,  Švédu
0

v stu
0

l, Taddeo, Taubach, Valdegoba,

Vindija, Zafarraya and Zaskalnaya VI (112 individuals). The permanent dental metrics for the

Qafzeh-Skhul sample are from those sites (21 individuals), and the earlier Upper Paleolithic

ones are from Arene Candide, Calanca, Caldeirão, Cro-Magnon, Dolní Věstonice, Fanciulli,

La Ferrassie, Font-de-Gaume, Fontéchevade, Miesslingtal, Mladeč , Paglicci, Pataud, Pavlov,

Předmostí, La Rochette, Les Rois, Silická-Brezová, Tarté, Les Vachons, Vindija and Vogelherd

(73 individuals).

For general reference, dental metrics are included for a sample of recent Euroamer-

ican males for the deciduous dentition (Black, 1978) and a sample of recent Europeans for

the permanent teeth (Twiesselmann and Brabant, 1967); these are not intended to provide

an exhaustive depiction of recent human dental metric variation (see Kieser, 1990) but to

furnish a general framework for the evaluation of the Late Pleistocene dental metrics.

Table 24-1
Dental metrics of the maxillary deciduous teeth.

Right Left

dm2 dm1 dc1 di2 di1 di1 di2 dc1 dm1 dm2

Mesiodistal 9.5 7.7 7.8 a6.3 7.9 8.0 a6.5 7.8 7.7 9.3

Buccolingual b10.4 9.3 c– c– c – c – c– 6.7 9.3 b10.5

Cervical MD 6.9 5.4 5.2 4.3 5.7 5.8 4.1 5.2 5.3 6.7

Cervical BL 8.3 7.0 5.8 4.7 4.8 4.8 4.7 5.8 6.9 8.4

a = slightly worn
b = some calculus
c = damaged so that measurements can’t be taken

Table 24-2
Dental metrics of the mandibular deciduous teeth.

Right Left

dm2 dm1 dc1 di2 di1 di1 di2 dc1 dm1 dm2

Mesiodistal 11.0 8.4 6.6 5.6 4.8 4.7 c– 6.7 8.6 10.8

Buccolingual 9.7 7.3 5.8 4.7 c– a4.3 a4.7 5.9 7.1 9.6

Cervical MD 7.8 6.0 4.9 3.7 3.4 3.7 3.8 4.8 5.9 7.5

Cervical BL 7.0 5.2 5.2 4.3 3.8 3.7 c– 5.2 5.2 7.2

a = slightly worn
b = some calculus
c = damaged so that measurements can’t be taken
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Table 24-3
Dental metrics of the maxillary permanent teeth.

Upper right permanent Upper left permanent

M1 P1 C1 I2 I1 I1 I2 C1 P1 M1

Mesiodistal 10.6 7.7 7.7 7.5 9.0 9.1 7.0 7.9 7.4 10.7

Buccolingual 11.8 b – b 8.2 b 6.4 b 7.2 b 7.4 b 6.3 a,b – b – 11.8

Cervical MD 7.9 b – b – 5.9 6.8 6.9 a – b – b – 8.0

Cervical BL 10.9 b – b – b – b – b – b – b – b – a,b –

a = damaged so that measurements can’t be taken
b = tooth not fully formed

Table 24-4
Dental metrics of the mandibular permanent teeth.

Right Left

M1 P1 C1 I2 I1 I1 I2 C1 P1 M1

Mesiodistal 11.9 7.4 6.5 6.5 a,b – a,b – a,b – a,b – a,b – 11.8

Buccolingual 11.2 a – a – 6.5 a,b – a,b – a,b – a,b – a,b – 11.1

Cervical MD 9.0 a – 4.5 4.0 a,b – a,b – a,b – a,b – a,b – 9.0

Cervical BL a – a – a – a – a,b – a,b – a,b – a,b – a,b – 9.2

a = tooth not fully formed
b = tooth inaccessible in crypt

Measurement Techniques as Applied to Lagar Velho 1

Crown Diameters

The mesiodistal maximum diameter is the distance between two parallel planes, tan-

gential to the most mesial and most distal points of the crown side. This measurement often

follows an axis nearly parallel to the occlusal plane and nearly perpendicular to the mesiodis-

tal plane of the tooth, but the calipers were not deliberately held in this position. The maxi-

mum bulge of the mesial and distal crown sides, at which these measurement landmarks

lie, corresponds to the contact points in anterior teeth with normal occlusal relationships,

but it does not necessarily do so for cheek teeth. The actual contact points at which teeth

occluded were therefore not taken into account. 

The buccolingual maximum diameter is the maximum distance between two parallel

planes, one tangential to the most lingual/palatal point of the crown side and the other tangen-

tial to a point on the buccal/labial crown side. For incisors, canines and premolars, the

labial/buccal point is on the single convexity of the crown side. For molars, the maximum mea-

surement is usually found to be the most mesial of two or more bulges on the buccal crown side.

The axis of the measurement is often not far from perpendicular to the axis of the mesiodistal

crown diameter defined above, but this was not used as a defining character for the measure-

ment. For molars it is often better to place the jaws of the calipers diagonally across the surface,

because the maximum bulge on the buccal crown side is not necessarily directly opposite the

maximum bulge on the lingual side. Upper molars, in particular, may be difficult to measure.



359

chapter 24 | COMPARATIVE DENTAL CROWN METRICS

Cervical Diameters

For all cervical diameters, the tips of the caliper points were placed on the surface of the

enamel just occlusal to the cement-enamel junction. This involved careful placement, first

with one tip and then the other, but the edge of the cement layer could usually be felt as the

caliper point tips passed over it. 

In anterior teeth, the cement-enamel junction has a strong curve to occlusal on the

mesial and distal sides, and this makes a natural measurement landmark at the most

occlusal point of the curve. The mesiodistal cervical diameter was therefore defined as the

distance between the most occlusal points of the cement-enamel junction curve on the

mesial and distal sides. The mesial curve rises more to occlusal than the distal curve, so the

axis of measurement is not strictly parallel to the occlusal plane of the tooth or to the nor-

mal definition of the axis for the traditional mesiodistal crown diameter. 

The cement-enamel junction on cheek teeth does not have the same strong mesial and

distal curve as in the anterior teeth. In the absence of naturally defined landmarks, the

mesiodistal measurement points were therefore defined as midway along the cement-enam-

el junction on the mesial and distal sides of the crown. Normally, there is a broad concavity

at this point, so that the measurement falls to a minimum. 

In the incisors, canines and premolars, the cement-enamel junction makes a single

curve apically and outwards to labial/buccal and lingual/palatal. This means that the buc-

colingual cervical diameter can be defined simply as the maximum measurement at the

cement-enamel junction from labial/buccal to lingual/palatal. Once again, these landmarks

are not necessarily at equal levels, so the axis of the measurement may not be parallel to the

occlusal plane or exactly perpendicular to the axis of the mesiodistal diameter. 

The cement-enamel junction does not have a single outwards curve on the buccal and

lingual sides of molars. This means that the buccolingual cervical diameter could not sim-

ply be defined as the maximum measurement; there would be at least two maxima. Instead,

the measurement was taken on the cement-enamel junction at points midway along the buc-

cal and lingual/palatal sides. In most upper molars, it was found that this point was the max-

imum bulge above the single lingual/palatal root, and there was usually a slight depression

midway along the buccal side between the two buccal roots. For lower molars, there was usu-

ally a slight depression on both the lingual and buccal sides, between the roots, at which the

measurement was taken. Where there was a large enamel extension, the measurement

needed to be taken to one side or the other of this extension, whichever gave the maximum

value.

The Deciduous Dentition

Late Pleistocene human deciduous teeth show little temporal or geographic variation in

their crown diameters (Tables 24-5 and 24-6). This is reflected in the ANOVA P-values

across the comparative samples, for which only two measurements, the mesiodistal diame-

ters of the upper second incisors and the first molars, provide significant values. However,

even though the small European earlier Upper Paleolithic samples for these two measure-

ments are on average less than those of the Neandertal and Qafzeh-Skhul samples, they do

not reach significance when just the two European comparative samples are contrasted.

Interestingly, in the comparisons of the maxillary anterior deciduous teeth and the posteri-

or mandibular deciduous teeth, it is the Qafzeh-Skhul sample which tends to have the larg-
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er teeth, with the European earlier Upper Paleolithic sample most often having the smallest

dental crown dimensions. In all cases the recent human deciduous dental dimensions are

smaller on average than those of the Middle Paleolithic sample, and they are smaller on aver-

age in most cases relative to the earlier Upper Paleolithic sample.

Table 24-5
Comparative dental crown metrics for the maxillary deciduous teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available. 

Lagar European European Qafzeh/ NE ANOVA EUP/ Recent

Velho 1 EUP Neandertals Skhul Neandartals P Mean

di1 MD 7.9 / 8.0 7.0, 7.0, 7.3 7.4 ± 0.6 (11) 7.8 ± 0.5 (5) 7.7 ± 0.1 (4) 0.215 0.080 6.4 ± 0.4

di2 MD 6.3 / 6.5 5.9 6.0 ± 0.4 (6) 6.6 ± 0.3 (4) 5.6, 5.8 0.022 — 5.2 ± 0.4

dc1 MD 7.8 / 7.8 6.4, 6.8 7.2 ± 0.7 (13) 7.6 ± 0.6 (5) 7.2, 7.5, 7.8 0.338 0.058 6.8 ± 0.4

dc1 BL 6.7 6.7 ± 1.1 (4) 6.5 ± 0.6 (14) 6.3 ± 0.9 (5) 7.1, 7.3, 7.5 0.312 0.795 6.1 ± 0.4

dm1 MD 7.7 / 7.7 6.4, 7.4, 7.5 7.9 ± 0.7 (7) 8.5 ± 0.4 (7) 7.6 ± 0.2 (7) 0.004 0.108 6.7 ± 0.5

dm1 BL 9.3 / 9.3 8.8 ± 1.2 (7) 8.9 ± 0.6 (10) 9.3 ± 0.5 (6) 9.2 ± 0.4 (7) 0.520 0.820 8.8 ± 0.5

dm2 MD 9.5 / 9.3 9.2, 9.4, 10.2 9.5 ± 0.8 (8) 9.5 ± 0.5 (7) 9.3 ± 0.2 (5) 0.839 0.871 8.8 ± 0.6

dm2 BL 10.4 / 10.5 10.4 ± 0.7 (11) 10.2 ± 0.7 (13) 10.2 ± 0.8 (6) 10.4 ± 0.6 (5) 0.826 0.913 9.5 ± 0.5

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four 

reference samples plus t-tests across the two European samples.

Table 24-6
Comparative dental crown metrics for the mandibular deciduous teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available. 

Lagar European European Qafzeh/ NE ANOVA EUP/ Recent

Velho 1 EUP Neandertals Skhul Neandertals P Mean

di1 MD 4.8 / 4.7 4.2 4.9 ± 0.4 (7) 4.2, 5.0 4.6, 5.0, 5.3 0.406 — 4.0 ± 0.3

di1 BL 4.3 3.9 4.6 ± 0.4 (7) 4.3, 4.4 4.8 ± 0.2 (4) 0.156 — 3.9 ± 0.4

di2 MD 5.6 5.1 5.4 ± 0.6 (6) 5.1 ± 0.3 (4) 5.5 ± 0.3 (5) 0.618 — 4.5 ± 0.4

di2 BL 4.7 / 4.7 4.5, 4.8, 4.9 4.8 ± 0.4 (6) 4.8 ± 0.2 (4) 5.0 ± 0.3 (4) 0.731 0.657 4.4 ± 0.4

dc1 MD 6.6 / 6.7 — 6.8 ± 0.6 (8) 6.5 ± 0.8 (6) 6.8 ± 0.3 (4) a0.591 — 5.8 ± 0.3

dc1 BL 5.8 / 5.9 5.8 6.1 ± 0.5 (8) 6.1 ± 0.3 (4) 6.4 ± 0.2 (4) 0.472 — 5.6 ± 0.3

dm1 MD 8.4 / 8.6 9.0, 9.5 8.6 ± 0.3 (10) 9.5 ± 1.1 (9) 8.8 ± 0.3 (5) 0.082 0.147 7.9 ± 0.4

dm1 BL 7.3 / 7.1 7.8 7.4 ± 0.7 (13) 7.8 ± 1.0 (8) 7.5 ± 0.2 (5) 0.806 — 7.4 ± 0.5

dm2 MD 11.0 / 10.8 10.3 ± 0.7 (5) 10.2 ± 0.6 (15) 11.0 ± 0.5 (7) 10.4 ± 0.5 (5) 0.094 0.785 9.9 ± 0.5

dm2 BL 9.7 / 9.6 9.3 ± 0.7 (13) 9.3 ± 0.5 (17) 9.7 ± 0.6 (7) 9.3 ± 0.2 (5) 0.406 0.940 8.9 ± 0.4

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four

reference samples plus t-tests across the two European samples.

a ANOVA P-value based on three samples.

In the context of this, Lagar Velho 1 exhibits deciduous crown diameters which are gen-

erally average for Late Pleistocene humans (13 measurements, or 72.2%). Four of the mea-

surements (22.2%, three of which are maxillary anterior mesiodistal diameters) are towards

the larger portion of the size range (above the means) (for the upper first incisors, second
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incisors and first molars) and only two are relatively modest (for the lower canines and first

molars, 11.1%). At the same time, all of the Lagar Velho 1 deciduous crown dimensions are

larger than the mean values for the recent human sample, six of them (33.3%) more than two

standard deviations above the recent human mean.

Therefore, the Lagar Velho 1 deciduous crown dimensions are generally unremarkable

for a Late Pleistocene late archaic or early modern human, but like its contemporaries, it has

deciduous teeth that are generally well above the means of recent Europeans.

The Permanent Dentition

In the permanent dentition, there are well-documented differences between the

European and Near Eastern late archaic and early modern humans in dental proportions

along the mandibular arcade, in which the late archaic humans consistently have absolute-

ly and especially labiolingually relatively larger anterior teeth than cheek teeth (Stefan and

Trinkaus, 1998a). The same pattern exists among the maxillary teeth, but the degree of sep-

aration of the samples is less than in the mandibular dentition, perhaps due to the preva-

lence of shovel-shaped teeth with large lingual tubercles among the late archaic humans.

This contrast exists in the context of generally similar overall dental crown dimensions.

The same general pattern is evident in the comparisons here of the permanent tooth crown

diameters for which Lagar Velho 1 provides data (Tables 24-7 and 24-8). Across the four

Late Pleistocene samples, the principal differences are in the anterior teeth, although there

is a significant difference in the upper first molar mesiodistal diameter, largely produced

by the small earlier Upper Paleolithic values and the large Qafzeh-Skhul ones. In the pair-

wise comparison of the two European samples, it is only the labiolingual diameters of the

three incisors providing such measurements for Lagar Velho 1 that remain significant. All

of the Late Pleistocene samples have means which are above those of the recent European

sample.

Table 24-7
Comparative dental crown metrics for the maxillary permanent teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available. 

Lagar European European Qafzeh/ NE ANOVA EUP/ Recent

Velho 1 EUP Neandertals Skhul Neandertals P Mean

I1 MD 9.0 / 9.1 9.1 ± 0.8 (5) 9.4 ± 0.6 (10) 10.4 ± 0.6 (8) 9.5 0.009 0.492 8.3 ± 0.5

I1 BL 7.2 / 7.4 7.7 ± 0.5 (15) 7.9 ± 0.4 (25) 8.2 ± 0.5 (12) 8.3 ± 0.4 (6) 0.005 0.008 7.1 ± 0.5

I2 MD 7.5 / 7.0 7.5 ± 0.6 (6) 7.8 ± 0.4 (7) 8.4 ± 0.4 (6) 8.6 0.041 0.385 6.4 ± 0.6

I2 BL 6.4 / 6.3 7.1 ± 0.5 (18) 8.0 ± 0.7 (26) 7.5 ± 0.6 (11) 8.2, 8.4, 8.9 <0.001 <0.001 6.2 ± 0.5

C1 MD 7.7 / 7.9 8.2 ± 0.3 (7) 8.6 ± 0.4 (6) 9.0 ± 0.3 (5) — a0.003 0.048 7.6 ± 0.5

C1 BL 8.2 9.2 ± 0.9 (21) 9.5 ± 0.7 (21) 9.2 ± 0.8 (10) 9.9 ± 0.3 (6) 0.178 0.193 8.3 ± 0.6

P1 MD 7.7 / 7.4 7.5 ± 0.6 (9) 7.9 7.4, 8.3, 8.7 — a0.361 — 6.5 ± 0.4

M1 MD 10.6 / 10.7 10.9 ± 0.3 (10) 11.3 ± 0.5 (5) 11.7 ± 0.4 (9) 11.0 0.003 0.174 10.0 ± 0.6

M1 BL 11.8 / 11.8 12.3 ± 0.8 (32) 12.0 ± 0.9 (27) 12.2 ± 0.7 (18) 12.2 ± 0.6 (8) 0.363 0.149 11.2 ± 0.5

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four 

reference samples plus t-tests across the two European samples.

a ANOVA P-value based on three samples.
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Table 24-8
Comparative dental crown metrics for the mandibular permanent teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available. 

Lagar European European Qafzeh/ NE ANOVA EUP/ Recent

Velho 1 EUP Neandertals Skhul Neandertals P Mean

I2 MD 6.5 6.7 ± 0.5 (4) 7.0 ± 0.3 (4) 7.0 ± 0.6 (5) — a0.699 0.466 5.7 ± 0.4

I2 BL 6.5 6.9 ± 0.5 (25) 7.6 ± 0.4 (20) 7.1 ± 0.6 (10) 8.2 ± 0.5 (8) <0.001 <0.001 6.3 ± 0.4

C1 MD 6.5 7.4 ± 0.6 (18) 7.7 ± 0.3 (5) 7.7 ± 0.6 (8) 7.8 ± 0.1 (4) 0.931 0.548 6.6 ± 0.4

P1 MD 7.4 7.4 ± 0.6 (7) 7.8 ± 0.3 (7) 7.2, 8.5 — a0.309 0.148 6.4 ± 0.4

M1 MD 11.9 / 11.8 11.8 ± 0.7 (10) 11.7 ± 0.7 (9) 12.1 ± 0.7 (8) 11.5 0.581 0.666 10.7 ± 0.7

M1 BL 11.2 / 11.1 11.1 ± 0.7 (36) 10.9 ± 0.6 (41) 11.4 ± 0.6 (15) 10.8 ± 0.4 (9) 0.029 0.165 10.3 ± 0.5

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four 

reference samples plus t-tests across the two European samples.

a ANOVA P-value based on three samples.

FIG. 24-1 – Bivariate plot of maxillary incisor mesiodistal (above) and labio(bucco-)lingual diameters (below). Black hexagon:

Lagar Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray

triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.
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In the context of this, Lagar Velho 1 has relatively modest overall permanent crown

diameters. In the maxillary dentition, only the second incisor and first premolar mesiodistal

diameters approach the means of even the smaller toothed earlier Upper Paleolithic sample,

and in the mandible principally the first molar diameters are sufficiently large to fall within

the range of means of the generally similar Late Pleistocene samples. Although all of the

Lagar Velho 1 permanent crown diameters fall above the recent human samples means, only

the upper and lower first premolar mesiodistal diameters are more than two standard devi-

ations from those means.

Proportions along the dental arcade for several of these teeth can be assessed by plot-

ting anterior dental diameters against each other and against first molar diameters. The

resultant plots for the maxillary teeth (Figs. 24-1 and 24-2) show modest differences between

the late archaic and early modern human samples with varying degrees of overlap. In the

two comparisons of upper first and second incisor dimensions (Fig. 24-1), the early modern

FIG. 24-2 – Bivariate plots of maxillary permanent anterior teeth versus first molar metric comparisons. Summed diameters are

those of the upper first and second incisors, and canines. Mesiodistal comparison above and bucco(labio)lingual comparison

below. Black hexagon: Lagar Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic

specimens, gray triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.



humans show a trend towards relatively larger first incisors (or relatively smaller second

incisors) with some overlap between the samples. In both comparisons Lagar Velho 1 falls

near the middles of the overall distributions but closer to the early modern human distribu-

tions. In the comparisons of the summed anterior dental dimensions versus the same

dimension for the upper first molars (Fig. 24-2), there is little separation of the mesiodistal

diameters (despite only one Neandertal providing sufficiently intact and unworn anterior

teeth). However, there is a clear trend in the buccolingual diameters with the early modern

humans having generally relatively smaller anterior teeth. Lagar Velho 1 falls in the middle

of the overall mesiodistal distribution but among the early modern humans in the buccol-

ingual distribution. Among the Neandertals, only the Cotencher 1 and, to a lesser extent, La

Ferrassie 2 dentitions approach Lagar Velho 1 in this comparison.

In the mandibular comparison of the second incisor and first molar buccolingual diam-

eters (Fig. 24-3), the late archaic and early modern human samples exhibit a strong tenden-

cy for the Neandertals to have relatively larger second incisors, a pattern which is more pro-

nounced when the full set of anterior and posterior teeth is present (Stefan and Trinkaus,

1998a). In the context of this, Lagar Velho 1 has a relatively and absolutely small lower sec-

ond incisor, well within the early modern human distribution and separate from the

Neandertal one.

Summary

These considerations of the Lagar Velho 1 dental crown dimensions indicate that its

teeth were generally well within the ranges of variation of Late Pleistocene human teeth in

terms of absolute size, being relatively large overall in the deciduous dentition and relative-

ly small in the permanent dentition. In the only cases in which its absolute or relative den-

tal dimensions indicate affinities to one or the other of these Late Pleistocene samples, the

relative labiolingual diameters of its anterior teeth, it falls clearly with the European earlier

Upper Paleolithic sample.
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FIG. 24-3 – Bivariate plot of mandibular second incisor versus first molar bucco(labio)lingual diameters. Black hexagon: Lagar

Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles:

Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.
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The Lagar Velho 1 postcranial skeleton retains at least one long bone with a complete,

undistorted intermetaphyseal length in every limb segment, with only the radius and clavi-

cle requiring any estimation of their intermetaphyseal lengths, plus portions of the pelvis

(Chapters 13, 28, 29 and 30; Figs. 25-1 and 25-2). It therefore permits assessments of the

overall body proportions of the individual. The only immature earlier Upper Paleolithic indi-

viduals that are similarly complete are the early adolescent Sunghir 2 and late juvenile

Sunghir 3, the latter of which experienced abnormalities affecting its body proportions

(Alexeeva et al., 2000). Among Middle Paleolithic immature human remains, only the La

Ferrassie 6 and Roc de Marsal 1 Neandertals and the Qafzeh 10 and Skhul 1 early modern

humans preserve adequate limb segments for such assessments, and none of them has the

degree of completeness seen in Lagar Velho 1 (McCown and Keith, 1939; Heim, 1982b;

Madre-Dupouy, 1992; Tillier, 1999).

FIG. 25-1 – Anterior view of the Lagar Velho 1 left arm bones.

Scale in centimeters.

FIG. 25-2 – Anterior view of the Lagar Velho 1 right femur and

left tibia and fibula. Scale in centimeters.
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Moreover, analyses of mature body proportions of Late Pleistocene human remains

(e.g., Trinkaus, 1981; Ruff, 1994; Holliday, 1995, 1997a, 1997b, 2000a) have shown that

there are distinct patterns and contrasts in limb segment and relative trunk dimensions

across the samples in question. It should therefore be possible, despite the immature status

of Lagar Velho 1, to provide an assessment of its limb proportions and their implications for

its position in Late Pleistocene human evolution. This is particularly relevant, since it was

the recognition that the distal lower limb length of Lagar Velho 1 appeared exceptionally

short for a European early modern human that led initially to the hypothesis that this indi-

vidual had some Neandertal ancestry.

General Considerations

The existence of geographic clines in body size and shape within homeothermic species

has been recognized for more than a century (Bergmann, 1847; Allen, 1877); these clines

have come to be recognized in the form of ecogeographic, or climatic “rules” (Mayr, 1956,

1963). Bergmann’s rule states that populations of a species from colder regions tend to be

larger in body size than those from warmer regions, while Allen’s rule states that extremi-

ties will be relatively shorter in populations from colder regions and relatively longer in those

from warmer regions. As discussed in particular by Schreider (1964), both rules can be

explained as special cases of a more general physiological relationship in which surface area

to body mass is minimized in colder climates (to reduce heat loss) and maximized in

warmer climates (to reduce overheating). The same rules have been shown to apply very well

to living humans (e.g., Roberts, 1978). Human archeological and fossil remains are more

difficult to analyze, but where it has been possible to evaluate them, they have demonstrat-

ed many of the same general trends observable among extant populations (Trinkaus, 1981;

Ruff and Walker, 1993; Ruff, 1994; Rosenberg et al., 1999). 

Of particular relevance to the current study, analyses of Neandertal remains have con-

sistently demonstrated a distinctive postcranial morphology characterized by a wide body

with relatively short limbs, particularly distal limb segments, similar to that observed in liv-

ing cold-adapted populations such as Inupiat (Alaskan Eskimo) and Saami (Lapps)

(Trinkaus, 1981; Ruff, 1994; Holliday, 1997b). In contrast, populations succeeding

Neandertals in Europe were characterized by narrower bodies and relatively longer limbs,

more similar to the body form of subtropical modern humans (Trinkaus, 1981; Ruff, 1994;

Holliday, 1997a). In fact, recent evidence indicates that the general features of “Neandertal”

body shape are not unique to Neandertals, but probably characterized all higher latitude

archaic Homo (Trinkaus et al., 1999c; Arsuaga et al., 1999; Rosenberg et al., 1999). There is

also some evidence that populations succeeding Neandertals in Europe underwent a slow

but progressive change in body shape towards one more closely approximating that of living

Europeans, i.e., less subtropical in form (Jacobs, 1985; Ruff, 1994; Holliday, 1997a). Both of

these observations are consistent with the interpretation of body shape as at least in part cli-

matically selected. 

Thus, the body proportions of the Lagar Velho child potentially have both phylogenetic

and adaptive significance. The age of the specimen — slightly under 5 years (Chapter 14) —

complicates the analysis, however, since there are far fewer comparative postcranial speci-

mens of children available, modern or earlier, than there are for adults. It is not clear to what

extent the well-documented ecogeographic differences in adult body form are reflected in

young children, or how constant such proportions are from early childhood through adult-



367

chapter 25 | BODY PROPORTIONS AND SIZE

hood. Both of these issues are addressed in this chapter using a number of modern human

population samples. Lagar Velho 1, and other available Pleistocene specimens, are evaluated

within this context. The body size (stature and body mass) of Lagar Velho 1 at the time of

his/her death is estimated using equations developed from modern human samples.

Finally, the limited evidence available regarding genetic versus environmental influences on

body proportions is briefly reviewed. 

Comparative Samples

Both living and recent archeological samples are used here to document modern

human variation in body proportions and to compare with Lagar Velho 1 and other Late

Pleistocene specimens. Anthropometric data are available for a wide variety of living juve-

nile samples (e.g., Eveleth and Tanner, 1976). Comparative data of this kind are considered

here, including those for a relatively large sample of juvenile Inupiat (Jamison and Zegura,

1970; Jamison, 1978). 

However, most anthropometric data are difficult to relate directly to osteological speci-

mens, since they are based on external measurements of the body and not on the underly-

ing skeletal elements themselves. Juveniles pose a particular problem in this regard, since

the skeleton is still growing and thus is composed in part of cartilage, which is not preserved

in archeological material. Radiographic studies of modern human children can be used to

measure skeletal dimensions, and one of these, from the Denver Growth Study

(McCammon, 1970), provided an important comparative sample in the present study. The

Denver Growth Study was also longitudinal, i.e., repeated measurements of the same chil-

dren were taken from near birth through skeletal maturity, thus providing the opportunity

to directly predict adult dimensions from juvenile dimensions of the same individuals. In

addition, because anthropometric data were also collected for this sample, prediction of body

dimensions (height, weight, etc.) from skeletal dimensions could be carried out. However,

this study, like all currently available radiographic studies of this kind, is limited to

Euroamerican children. To expand the range of geographic and morphological variation in

the comparative sample, data for two juvenile recent archeological samples — skeletal

remains of Inupiats and Nubians — were also included here, the latter measured by one of

us (CBR) specifically for this study. 

The Denver Growth Study was a comprehensive longitudinal study of growth and

development in children from the Denver, Colorado area, carried out between 1927 and

1967 and including various physiological and physical measurements (McCammon, 1970).

Of particular interest here are the anthropometric and radiographic examinations that were

carried out (Hansman, 1970; Maresh, 1970). Although over 300 individuals participated in

the study, a much smaller subset of these were followed from birth through maturity with

relatively complete records for these parameters (see data tables in above references). The

original radiographs from the study were examined at Wright State University (Division of

Human Biology, Department of Community Health, Yellow Springs, Ohio), and 20 indi-

viduals — 10 males and 10 females — with almost complete records of high quality radi-

ographs from less than a year through at least 17 years of age (in one case, 16.5 years) were

chosen for analysis (after the first year radiographs were usually obtained every 6 months;

the average number of usable radiographs per individual was 35). A series of measurements

of femora and humeri were taken with calipers on these anteroposterior (AP) radiographs,

including diaphyseal cortical breadths, articular and metaphyseal breadths, and bone
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lengths. For the present purposes, only the bone lengths and two of the articular/metaphy-

seal breadths — superoinferior (SI) breadth of the femoral head and mediolateral (ML)

breadth of the distal femoral metaphysis — are included, since they were found to be useful

in reconstructing body size and proportions in Lagar Velho 1 (see below).1

Three types of bone lengths were measured on the Denver sample, depending on devel-

opmental stage: intermetaphyseal length, maximum total length including epiphyses, and

“biomechanical length,” which also requires epiphyses and was used only in determining

diaphyseal breadth locations (see Chapters 29 and 30). Intermetaphyseal lengths were mea-

sured up to about 13 years of age, and maximum lengths beginning about 4 years in femo-

ra and about 10-11 years in humeri (distal humeral epiphyses are not sufficiently formed

until the later age). Thus, the relative contributions of epiphyses to maximum lengths can

be assessed in the years of overlap, which was useful in interpreting changes in bone length

indices using intermetaphyseal versus maximum lengths (see below). Tibial and radial inter-

metaphyseal and maximum lengths were obtained from the Denver Growth Study database

(Siervogel, pers. comm.); intermetaphyseal and maximum lengths for these bones also over-

lapped in the 10-12 year age range (also see Maresh, 1970).

Radiographic magnification factors due to parallax were estimated using information

given in publications on the Denver Growth Study and other similar radiographic studies.

Based on results in Green et al. (1946) for the tibia and femur, adjusted for differences in

tube-film distance from that used in the Denver Growth Study, and assuming the

humerus to have similar magnification factors as the femur and tibia, the following equa-

tion was derived and used to adjust femoral, tibial, and humeral linear dimensions (all in

mm) when intermetaphyseal length was 217 mm or greater (Green et al.’s minimum

length): adjusted dimension = 0.949 x (original dimension) + 5.63. This produces mag-

nification factors of about 2.5-4% in the Denver sample (larger in the older/larger indi-

viduals), consistent with Maresh’s general estimates (1955, 1970). In shorter bones

(younger/smaller individuals) the original measurements were uniformly adjusted down-

wards by 2.5%. For the radius, which has far less soft tissue between subject and film,

dimensions were adjusted downwards by 2% in all individuals, based on information

given in Gindhart (1973). 

Anthropometric data for the same individuals and examination dates were also

obtained from the Denver Growth Study database (Siervogel, pers. comm.). These included

height, weight, sitting height, and bi-iliac (maximum pelvic) breadth, as well as other dimen-

sions not used in this study. 

For direct comparison with Lagar Velho 1, the examination date with the most com-

plete radiographic and anthropometric data closest to 4.5 years was identified for each of

the 20 individuals in the Denver sample. The mean age of this sample was 4.6 years (range

4.0-5.5 years). The same was done for the oldest available examination age, referred to

below as “adults”; the average associated age for these data was 18.3 years (range 16.5-21.5

years; the one 16.5 year-old was a female). All individuals in this group had completed or

nearly completed long bone growth in length and articular dimensions, as judged by radi-

ographic measurements at adjacent ages. For certain analyses of age changes in propor-

tions, the complete data set for the Denver sample, i.e., at all ages (except for infants), was

employed. 

Bone length data for a small juvenile Inupiat sample from recent archeological sites at

Point Hope and Unalakleet, Alaska, were obtained from Smithsonian Institution computer

archives (Ousley, pers. comm.). The sample included five individuals with matched

radius/humerus intermetaphyseal lengths, and five with matched tibia/femoral intermeta-
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physeal lengths (three individuals had matched data for all four bones). Two individuals had

been aged to 4-5 years, one to 3-5 years, one to 2-5 years, and three to 6-9 years. For an appro-

priate adult osteological comparison, data from Trinkaus (1981) for Kodiak Island Inupiats

(N = 40, each sex) were used.2

In addition, mean long bone lengths from a combined recent archeological

Inupiat/Aleut juvenile sample from Kodiak Island were available from Y’Edynak (1976). Her

sex-specific “4-5.9 year” age group means were used here. A total of 6 males and 10 females

in this age group had been measured; all of these had a femur and a tibia, but one or more

individuals were missing a humerus and/or a radius in each sex-specific group. Because of

the problems inherent in using non-matched data, especially in small samples like these,

intramembral length indices were only calculated for the femur and tibia. Since even these

indices were calculated from mean data, they are not strictly comparable to individual data

(i.e., the ratio of means is not necessarily equal to the mean of ratios, and this problem is

exacerbated in small samples); also, this sample included some (unspecified) number of

Aleuts, who may show some differences from Inupiats in limb length proportions. Thus,

these data are included here mainly for additional comparison with the small sample of indi-

vidual Inupiat data. 

The Nubian juvenile osteological sample was obtained from collections in the

Department of Anthropology, University of Colorado in Boulder. The sample measured was

from the Early Christian period (circa 550-750 AD) cemetery, site 21-S-46, on Kulubnarti

Island, which is located in northern Sudan (Van Gerven et al., 1995). A large number of well-

preserved younger juvenile skeletons were excavated from this site (Hummert, 1983; Greene

et al., 1986), facilitating selection of individuals in the age range of Lagar Velho 1. A series

of growth and paleopathological studies, summarized in Van Gerven et al. (1995), have doc-

umented nutritional deficiencies in this population, which contributed to the high early

childhood mortality rates. As shown below, this appears to have had little effect on limb bone

length indices, although it likely reduced total stature in both juveniles and adults

(Hummert and Van Gerven, 1983). Age in younger children was determined using dental

developmental standards (Hummert and Van Gerven, 1983), and sex in adults using pelvic

criteria (or preserved soft tissue where present) (Greene et al., 1986). Fifteen children rang-

ing in age from 3 to 6 years (mean 4.67 years, 11 of 15 either 4 or 5 years old) were selected

and intermetaphyseal lengths of the femur, tibia, humerus and radius were measured. 

A sample of 14 adults — 7 males and 7 females — from the same site was also measured

for comparison (maximum bone lengths). 

Finally, anthropometric data for a cross-sectional sample of juvenile to young adult

Inupiat from northern Alaska (Wainwright, Point Hope, and Barrow) (Jamison and

Zegura, 1970; Jamison, 1978) were used in some comparisons. Individual data for about

200 individuals (Ns varying slightly by dimension) were obtained courtesy of Dr. P.L.

Jamison. The individuals ranged in age from about 5 years (two individuals were between

4 and 5 years) to 20.5 years. Dimensions included here were stature, bi-iliac breadth, and

several measures approximating long bone lengths or limb segment lengths, specifically,

“humerus” (acromion to inferior surface of proximal ulna with flexed elbow), “radius”

(radiale-stylion), “tibia” (tibiale height-spherion height), and “upper thigh” lengths (stature-

-sitting height-“tibia” length), the last two calculated by us. These lengths cannot be used

to compare with true osteological bone length measures (for example, “upper thigh” length

is significantly shorter than femur length), but since they should be internally consistent

in the sample, they are useful for investigating possible age changes in intramembral seg-

ment length proportions.
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In addition to the modern samples, a number of Neandertal and Early Upper Paleo-

lithic specimens, juvenile and adult, were included in comparisons where appropriate data

were available. The specimens were subdivided into four groups: European Neandertals,

Near Eastern Neandertals, Middle Paleolithic Near Eastern early modern humans (Qafzeh

and Skhul), and Early Upper Paleolithic (EUP)-associated early modern Europeans. The last

group is limited to specimens dated at 20 000 BP or earlier (Holliday, 1997a, 1997b). Only

individuals preserving paired proximal and distal elements (i.e., a femur and tibia, and/or

humerus and radius) were included in the analysis. For juveniles, only individuals in the

same general age range as Lagar Velho (i.e, 2-9 years) were included. The adult data (Table

25-1) were obtained through personal measurement of all of the original fossils except the

lost Předmostí remains (Matiegka, 1938) and Sunghir 1 (Kozlovskaya and Mednikova, 2000)

(see Holliday, 1995; Sládek et al., 2000); note that several specimens included in a Late

Upper Paleolithic sample in Holliday (1995) are here included in the Early Upper Paleolithic

sample. The immature data (Table 25-2) derive from personal measurement of La Ferrassie

6 and Skhul 1; the Qafzeh 10 data are in part from Tillier (1999), and the Roc de Marsal 1

data are from Madre-Dupouy (1992). Measurements of the Teshik-Tash 1 femur are from a

plaster cast. Femoral bicondylar lengths were converted to maximum lengths, where neces-

sary, as described in footnote 2.

Intramembral Length Proportions

General Issues

As noted earlier, geographic clines in relative limb length have been demonstrated

among living human adults, most often in the lower limb (e.g., sitting height/stature, nega-

tively correlated with mean annual temperature), although also in the upper limb (e.g., arm

span/stature, positively correlated with average annual temperature) (Roberts, 1978). Since

both total limb and trunk lengths are difficult to evaluate in osteological or fossil specimens,

these are most commonly evaluated through comparison of distal to proximal limb element

lengths, i.e., crural (tibial/femoral) and brachial (radial/humeral) indices (Trinkaus, 1981;

Ruff and Walker, 1993 and references therein). The rationale for this approach is based on

the observations that variation between modern populations in the lengths of distal limb

elements is greater than that in proximal limb elements, at least in the lower limb (Ruff and

Walker, 1993; Holliday, 1999; Holliday and Ruff, 2001), and that clinal variation in

intramembral length indices parallels that in relative total limb length (e.g., Trinkaus, 1981).

There is also the possibility that similar physiological mechanisms are in part responsible

for changes in total limb length growth and preferential growth in length of distal limb ele-

ments (Trinkaus, 1981). 

Recently, one of us (Holliday, 1997a) estimated “skeletal trunk height” (not including

the head and neck) from vertebral body heights in a series of modern human population

samples and demonstrated the same clinal trends in limb bone lengths to estimated trunk

height. A comparison of relative limb lengths — (femur + tibia) / trunk height and

(humerus + radius) / trunk height — with corresponding crural and brachial indices was

carried out for those individuals in the sample that preserved all vertebral body heights and

long bone lengths (N = 178 and 174 for lower and upper limbs, respectively). In both limbs,

the correlation between relative limb length and intramembral proportions is significant

but not particularly high: for crural index and lower limb length / trunk height, r = 0.429
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(P < 0.0001); for brachial index and upper limb length / trunk height, r = 0.468 

(P < 0.0001). Thus, while intramembral proportions to some extent reflect total limb

length / trunk proportions, the two measures are not equivalent, and this should be kept

in mind when interpreting the following results. Interestingly in this regard, within Upper

Paleolithic samples there occurred a reduction through time in relative limb length/trunk

height, but not in crural and brachial indices, again demonstrating the potential indepen-

dence of the two measures (Holliday, 1997a). However, both relative limb length and

intramembral proportions varied in the same direction in Neandertal-Early Upper

Paleolithic comparisons (Holliday, 1997a, 1997b). The significance of these observations

will be discussed at the end of this chapter.

Although intramembral bone length proportions are traditionally expressed as

indices, or ratios, the primary method of comparison here is through linear regression of

distal element lengths on proximal element lengths. When such proportions are isomet-

ric (log-log slopes nonsignificantly different from 1.0) the two methods give similar

results, but when they are not, ratios can produce misleading results. Differences in line

elevations were tested using analysis of covariance, after first testing for equality of slopes

(no elevation tests were carried out if slopes were significantly different) (Zar, 1984).

Lagar Velho 1 and other individual specimens were compared to different reference

groups by calculating “percent prediction errors” (%PE) (sensu Smith, 1981; Jungers,

1984), or [(observed-predicted)/predicted] x 100, relative to each group’s regression line.

Both least squares (LS) and reduced major axis (RMA) (Aiello, 1992) regression tech-

niques were used to fit lines through the reference groups. Because no parametric test for

comparing RMA line elevations exists, and because statistical graphics packages com-

monly plot LS but not RMA lines, LS regression was used to compare groups and for plot-

ting purposes; however, individual fossils were compared to both LS and RMA lines of

reference groups. SYSTAT 5.0 (1990) was used for all statistical analyses. A 0.05 proba-

bility level was considered significant. 

Adults

We begin by presenting results for adults.

Although these are shown to basically confirm

previously observed patterns (Trinkaus, 1981;

Ruff, 1994; Holliday, 1997a, 1997b), they are

important in establishing the context for sub-

sequent analyses of juvenile data from the

same (or very closely related) populations.

Tibial to femoral length proportions in

adult Nubians (Kulubnarti), Euroamericans

(Denver Growth Study), and Alaskan Inupiats

are shown in Fig. 25-3. Although there is sub-

stantial overlap in individual data distributions,

all groups are significantly different from each

other in elevation (P < 0.05), with Nubians hav-

ing the relatively longest tibiae and Inupiats the

shortest tibiae, as expected. The Euroamerican

and Inupiat samples are closer in proportions

FIG. 25-3 – Tibial to femoral length proportions in modern

human adults. Crosses: Kulubnarti Nubians; filled circles:

Denver Euroamericans; open circles: Alaskan Inupiats.

Least squares regression lines drawn through each

sample.
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than the Euroamerican and Nubian samples. The Nubian sample was also compared in the

same way to a larger (N = 46) sample of Sub-Saharan East Africans (Ruff, 1995) and was

found to be nonsignificantly different from those; thus, this sample appears to be represen-

tative of “tropically” proportioned modern populations. Similarly, the Denver sample of

Euroamericans is nonsignificantly different from a large (N = 100) sample of recent Euro-

peans (Holliday, 1997a).

Radial to humeral length proportions show significant sexual dimorphism, with males

having relatively longer radii (Trinkaus, 1981, also characteristic of all of the present modern

samples), thus, sexes must be compared separately in the upper limb. Fig. 25-4 shows such

comparisons for the three modern adult samples. All three male groups are significantly dif-

ferent from each other in elevation (P < 0.05), in the same direction as in the lower limb com-

parisons. Female Nubians are significantly (P < 0.01) different from the other two groups, but

Euroamerican and Inupiat females are nonsignificantly different (P > 0.20). As in the lower

limb, Nubian males and females are not significantly different in proportions from their

counterparts in the East African sample (Ruff, 1995) (N = 27 males and 19 females), nor are

Denver males and females different from the larger recent European sample (Holliday,

1997a) (N = 55 males and 46 females).

Long bone lengths for 40 adult Late Pleistocene specimens preserving paired proximal

and distal elements (i.e., a femur and tibia and/or humerus and radius) are shown in Table

25-1. The specimens are plotted along with regression lines for the three modern adult sam-

ples in Figs. 25-5 and 25-6. Sexes are pooled for the lower limb, while upper limb data are

plotted separately for each sex ; where sex of a Late Pleistocene specimen is uncertain (Table

25-1) that specimen is included in both male and female plots. 

FIG. 25-4 – Radial to humeral length proportions in modern human adults. Crosses: Kulubnarti Nubians; filled circles: Denver

Euroamericans; open circles: Alaskan Inupiats. Least squares regression lines drawn through each sample.
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Table 25-1
Long bone maximum length measurements for Late Pleistocene comparative
samples. Data from Matiegka (1938), Holliday (1995), Kozlovskaya and Mednikova
(2000) and Sládek et al. (2000).

Specimen Group1 Sex2 Femur Tibia Humerus Radius

Baousso da Torre 2 EUP 1 – – 363.0 264.0

Barma del Caviglione 1 EUP 1 467.4 410.0 335.0 258.5

Barma Grande 2 EUP 1 525.5 434.0 379.0 287.0

Cro-Magnon 3 EUP 1 – – 335.0 265.0

Dolní Věstonice 3 EUP 2 420.7 359.0 309.0 237.0

Dolní Věstonice 13 EUP 1 445.6 382.3 334.0 256.5

Dolní Věstonice 14 EUP 1 503.8 420.0 374.0 285.0

Dolní Věstonice 16 EUP 1 469.9 389.5 332.0 263.0

Fanciulli (G-d-E) 4 EUP 1 521.6 455.0 365.0 279.0

Fanciulli 5 EUP 2 435.0 367.0 291.0 233.0

Fanciulli 6 EUP 1 419.2 350.0 270.0 217.0

Paglicci 25 EUP 2 – – 322.0 260.0

Parabita 1 EUP 1 483.2 411.0 – –

Parabita 2 EUP 2 472.4 391.0 – –

Pataud 5 EUP – – – 307.0 231.0

Paviland 1 EUP 1 478.3 398.0 – –

Pavlov 1 EUP 1 – – 378.0 286.0

Předmostí 3 EUP 1 489.0 421.0 357.0 279.5

Předmostí  4 EUP 2 419.0 364.5 321.0 252.5

Předmostí  9 EUP 1 447.0 373.5 329.0 258.0

Předmostí  10 EUP 2 418.5 359.0 311.0 245.0

Předmostí  14 EUP 1 456.5 395.0 335.5 264.5

Sunghir 1 EUP 1 495.0 421.0 358.0 282.0

Qafzeh 9 Q-S 1 471.9 400.0 330.0 252.0

Skhul 4 Q-S 1 492.0 434.0 337.0 274.0

Skhul 5 Q-S 1 506.8 443.0 373.0 253.0

Skhul 6 Q-S – 483.2 405.0 – –

La Chapelle-aux-Saints 1 Eur. Nean. 1 433.0 340.0 311.5 226.5

Feldhofer 1 Eur. Nean. 1 – – 312.0 237.5

La Ferrassie 1 Eur. Nean. 1 460.6 370.0 335.0 243.0

La Ferrassie 2 Eur. Nean. 2 407.4 311.0 287.0 200.0

Régourdou 1 Eur. Nean. – – – 310.0 233.0

Spy 2 Eur. Nean. 1 426.6 331.0 – –

Amud 1 NE Nean. 1 484.2 386.0 – –

Kebara 2 NE Nean. 1 – – 324.0 256.0

Shanidar 1 NE Nean. 1 460.6 355.0 – –

Shanidar 4 NE Nean. 1 – – 305.0 238.0

Shanidar 5 NE Nean. 1 449.7 355.0 – –

Shanidar 6 NE Nean. 2 387.7 300.0 293.0 217.5

Tabun 1 NE Nean. 2 413.3 319.0 287.0 222.0

1 European Early Upper Paleolithic, Qafzeh-Skhul early modern humans, European Neandertals and Near Eastern 

Neandertals.
2 1 = male, 2 = female, blank = uncertain
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For tibia versus femur length, all Nean-

dertals fall just below the regression line for

modern Inupiats (Fig. 25-5), i.e., they have

very short tibiae relative to femora. The

Qafzeh-Skhul and European EUP specimens

almost all fall between modern Euroameri-

can and Nubian samples, i.e., they have mod-

erately long tibiae. There is no discernable

difference in proportions between European

and Near Eastern specimens, within Nean-

dertals or early moderns. If regression lines

are run through the combined Neandertal

and combined early modern groups, they are

highly significantly different from each other

in elevation (P < 0.0001). 

Less clear-cut patterns characterize

upper limb proportions (Fig. 25-6). European

Neandertals have relatively short radii, simi-

lar on average to modern Inupiats, but Near

Eastern Neandertals have relatively longer

radii and are on average most similar to Euroamericans. Early modern specimens are also

variable, although most fall between Euroamerican and Nubian regression lines, or slightly

above the Nubian line [Skhul 5 is an extreme negative outlier; note that although the lower

limb bones of Skhul 5 were extensively reconstructed, its humeri and forearm bones are

largely complete (McCown and Keith, 1939) and so its upper limb segment proportions are

reliable]. Despite the overall greater variability in proportions, regression lines through the

combined Neandertal and combined early modern groups are still significantly different in

elevation (P < 0.01).

FIG. 25-5 – Tibial to femoral length proportions in Late

Pleistocene adult samples relative to modern human

regressions (see Fig. 25-1). Small open circles: European

Early Upper Paleolithic; large open circles: Skhul-Qafzeh;

small filled squares: European Neandertals; large filled

squares: Near Eastern Neandertals. See Table 25-1 for

individual specimens.

FIG. 25-6 – Radial to humeral length proportions in Late Pleistocene adult samples relative to modern human regressions (see

Fig. 25-2). Small open circles: European Early Upper Paleolithic; large open circles: Skhul-Qafzeh; small filled squares:

European Neandertals; large filled squares: Near Eastern Neandertals. See Table 1 for individual specimens.
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On the whole, these results corroborate those of previous studies of adult Late Pleis-

tocene specimens (Trinkaus, 1981; Ruff, 1994; Holliday, 1997a, 1997b, 2000a; and ref-

erences therein) that have demonstrated systematically reduced distal to proximal limb

element length proportions in Neandertals relative to early modern groups. This pattern

exists in both the Near East and Europe, except for the upper limb in Near Eastern spec-

imens.

Juveniles

Tibial to femoral intermetaphyseal length proportions for the modern juvenile samples

are shown in Fig. 25-7. The mean data for the Kodiak Island sample (Y’Edynak, 1976) are

plotted for comparison but were not used in calculating the Inupiat regression line. As with

adults from the same populations, there is overlap among individuals from the three

groups. However, differentiation between groups is also apparent, in patterns that are very

similar to those for adults (compare with Fig. 25-3). Nubian children have the relatively

longest tibiae, followed by the Euroamerican sample and then Inupiats. The Nubian-

Euroamerican difference in elevation is highly significant (P = 0.001), while the Euroamer-

ican-Inupiat difference does not reach significance. This latter result is probably in part a

product of the very small sample size of juvenile Inupiats available (N = 5), although, like

adults (Fig. 25-3), there does appear to be slightly less difference in proportions between

Euroamericans and Inupiats than between Euroamericans and Nubians. The mean data for

the Kodiak Island sample fall near to the regression line for individual Inupiats.

Comparisons within the known-sex Euroamerican sample demonstrate that the adult

sex difference in radial to humeral length proportions is present as early as 4-5 years of age:

males in this sample are greater than females in elevation (P < 0.05) [This same result can

also be demonstrated in the juvenile Inupiat anthropometric data set (Jamison and Zegura,

FIG. 25-7 – Tibial to femoral length proportions in modern

human children. Crosses: Kulubnarti Nubians; filled

circles: Denver Euroamericans; small open circles: Alaskan

Inupiats. Least squares regression lines drawn through

each sample. Large open circles: male and female means

for Eskimo/Aleut sample reported by Y’Edynak (1976). 

FIG. 25-8 – Radial to humeral length proportions in modern

human children. Crosses: Kulubnarti Nubians; filled

circles: Denver Euroamericans; small open circles: Alaskan

Inupiats. Least squares regression lines drawn through

each sample.
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1970; Jamison, 1978)]. Since it was not possible to sex the Nubian or Inupiat (or Late Pleis-

tocene) juvenile samples, only combined-sex analyses could be carried out for the upper

limb. However, the possibility of greater variability within samples due to sex-related dif-

ferences should be borne in mind when interpreting these results, and later results includ-

ing Pleistocene specimens. 

Fig. 25-8 shows radial to humeral length proportions in the modern juvenile samples.

Comparisons between groups indicate significant differences in elevation between Nubians

and Euroamericans (P < 0.01) and between Euroamericans and Inupiats (P < 0.001) (Note

that mean upper limb data for the Kodiak Island sample were not available, as explained ear-

lier). Thus, as in the lower limb, patterns of differences in young children are similar to

those in adults from the same populations (compare with Fig. 25-4).

Bone length data for the Late Pleistocene juvenile specimens are given in Table 

25-2. Besides Lagar Velho 1, there are only four available specimens in Lagar Velho’s gen-

eral age range that preserve paired upper or lower limb bones (Sunghir 2, at about 13 years,

is substantially older and not included). Unfortunately, the two early modern specimens

are from the Near East, and the two Neandertals are from Europe. However, since gener-

ally similar patterns of proportional differences between early moderns and Neandertals

were observed in the two regions among adults (except in the upper limb in Near Eastern

Neandertals, which are not represented in the juvenile sample), this factor may not be too

critical. 

Table 25-2
Intermetaphyseal maximum lengths for Lagar Velho 1 and juvenile Late
Pleistocene associated remains.

Specimen Group Age (yrs.) Femur Tibia Humerus Radius

Lagar Velho 1 4.0-5.5 199.0 156.1 143.0 105.5

Qafzeh 10 Qafzeh-Skhul 6.0 168.0 125.6

Skhul 1 Qafzeh-Skhul 4-5 180.0 156.0 138.0 120.0

Roc de Marsal 1 European Neandertals 2-2.5 164.0 130.0 128.0 91.0

La Ferrassie 6 European Neandertals 3-5 166.0 127.0 – –

Table 25-3
Percent prediction errors [((observed-predicted)/predicted) x 100] for Late
Pleistocene juvenile specimens relative to recent human samples, for least squares
(LS) and reduced major axis (RMA) regression analyses.

Tibia/Femur

Nubians Euroamericans Inupiat

LS RMA LS RMA LS RMA

Lagar Velho 1 -7.3 -7.5 -2.8 -2.0 -0.5 -0.4

Skhul 1 2.6 2.6 8.6 10.3 10.4 10.6

Roc de Marsal 1 -5.9 -5.9 0.5 2.9 1.4 1.6

La Ferrassie 6 -9.2 -9.2 -3.2 -1.0 -2.2 -2.0

Lagar Velho 1 -5.6 -5.8 -2.9 -2.4 3.6 3.7

Skhul 1 11.5 11.6 14.1 14.8 22.7 22.9

Qafzeh 10 -5.3 -6.2 -0.4 -0.5 3.2 3.2

Roc de Marsal 1 -8.4 -7.9 -7.3 -6.5 1.3 1.5
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Comparisons of the Pleistocene juvenile specimens with the three modern groups are

shown in Figs. 25-9 and 25-10, and Table 25-3. Table 25-3 lists the percent prediction errors

of distal limb element lengths relative to proximal limb element lengths for both least

squares and reduced major axis regressions through the three modern samples, although

only the least squares lines are plotted in Figs. 25-9 and 25-10, as discussed earlier. In most

cases LS and RMA methods produce very similar results.

In tibial to femoral length proportions, Lagar Velho 1 is very similar to Inupiats and

least similar to Nubians (Fig. 25-9, Table 25-3). The two European Neandertals — Roc de

Marsal 1 and La Ferrassie 6 — are also least similar to Nubians and about equally similar

to Euroamericans and Inupiats. However, because these two specimens fall so far below the

size range for Euroamericans (Fig. 25-9), comparisons with this group are less certain. Still,

regardless of the comparative group or line-fitting method, it is clear that these two speci-

mens and Lagar Velho 1 have similar tibial/femoral length proportions, and that all three

group with the modern higher latitude samples. In contrast, Skhul 1 is clearly closer in pro-

portions to the modern Nubian sample.

In radial to humeral length proportions, Lagar Velho 1 is intermediate between Inu-

piats and Euroamericans (Fig. 25-10, Table 25-3). The only Neandertal, Roc de Marsal 1, is

very similar to Inupiats. The two Near Eastern early modern specimens are quite variable

in proportions, with Skhul 1 again falling closest to (but well above) Nubians, and Qafzeh

10 falling closest to Euroamericans and actually closer to Inupiats than to Nubians. It is

possible, as noted above, that some of this variability is due to sex-related differences in

upper limb element proportions, which could not be accounted for here. Also, among

adults, Near Eastern specimens in general show greater variability in upper limb propor-

tions, including again an extreme negative outlier among early moderns (Skhul 5; see Fig.

25-6), so it is perhaps not surprising to encounter similar variability among juveniles

from this region. 

FIG. 25-9 –Tibial to femoral length proportions in Late

Pleistocene juvenile samples relative to modern human

juvenile regressions (see Fig. 25-5). Filled star: Lagar Velho

1; open circle: Skhul 1; filled squares: La Ferrassie 6 and

Roc de Marsal 1. See Table 25-2 for individual data.

FIG. 25-10 – Radial to humeral length proportions in Late

Pleistocene juvenile samples relative to modern human

juvenile regressions (see Fig. 25-6). Filled star: Lagar Velho

1; open circle: Skhul 1; filled square: Roc de Marsal 1. See

Table 25-2 for individual data.
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Overall, these results indicate that Lagar Velho 1 and European Neandertal juveniles

in the same general age range share similar intramembral length proportions that most

closely resemble those of modern higher latitude samples. Comparisons with early modern

specimens are somewhat hampered by a lack of European data, but results here are gener-

ally concordant with those for adults, with clear differences apparent between Lagar Velho

1 (and Neandertals) and early moderns in the lower limb, and probable but less consistent

differences in the upper limb. 

Prediction of Adult from Juvenile Proportions

Because there are so many more adult than juvenile Late Pleistocene specimens

(Tables 25-1 and 25-2), it is of interest to estimate the adult proportions of Lagar Velho 1 for

comparison with other adult values. Since the Denver Growth Study was longitudinal, it is

possible to predict adult intramembral length proportions from those of the same individ-

uals as 4-5 year olds. One potential approach would be to estimate remaining growth of the

two paired bones (e.g., tibia and femur) and then compare resulting adult proportions. How-

ever, it was found that estimation errors for adult proportions were very high using this

method, given the combined estimation errors for growth in each element. In contrast, esti-

mation errors using limb bone indices — crural and brachial — of juveniles to predict those

of adults were reasonably low (see below). Thus, this approach is used here to develop adult

prediction equations for Lagar Velho 1.

One individual in the Denver sample was found to be an outlier in terms of 4-5 year-

old versus adult crural indices (more than twice the difference between indices of any

other individual in the sample). Examination of his crural indices at 4-5 years and adjacent

ages indicated unusually large variability, likely due to positioning and/or measurement

error (measurement error in tibial length was not possible to assess since these data were

obtained from a pre-existing database, as described earlier). Therefore, this individual was

deleted from the sample for these analyses.3

Intramembral bone indices were calculated from intermetaphyseal lengths in the

Denver children and from maximum lengths in the adults (all indices are the ratio of dis-

tal to proximal element lengths, multiplied by 100). Comparisons of 10-12 year-olds in the

sample for whom both measurements were available (see above) indicate that the brachial

index is only marginally affected by this difference in dimensions (mean difference ± SE =

0.38 ± 0.19, P = 0.06, paired t test). However, the crural index calculated using maximum

lengths is significantly larger than that using intermetaphyseal lengths, by about 2.0 (1.99

± 0.09, P < 0.0001). This is because epiphyses contribute slightly more to maximum tib-

ial length (about 12%) than to maximum femoral length (about 10%). 

The mean brachial index in Denver 4-5 year-olds is 75.20 ± 0.27, and in the same adults

75.54 ± 0.48, nonsignificantly different from each other (P = 0.40, paired t test). The mean

difference of 0.35 (with rounding) between age groups is almost exactly the same as that for

maximum versus intermetaphyseal length indices within 10-12 year-olds (0.38), indicating

that even this small difference can be accounted for by the inclusion of epiphyses in the

adult measurement. In the juvenile Inupiat anthropometric sample (N = 191), the ratio of

“radius” to “humerus” length shows no change from 5 to 20 years of age (r = 0.07, P > 0.30).

Thus, on average, intramembral length proportions of the upper limb appear to be approx-

imately stable between the age of Lagar Velho 1 and adulthood. The least squares prediction

of adult from 4-5 year-old brachial indices in the Denver sample is: adult = (0.990 x juve-
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nile) + 1.06, with a standard error of estimate of 1.83. The radial and humeral lengths for

Lagar Velho 1 (Table 25-2) produce a brachial index of 73.8 as a child and an estimated index

of 74.1 as an adult, with 95% confidence limits of ± 3.8 for the estimated adult value. 

It should be noted that the range of 4-5 year-old values for the Denver sample (73.7 - 78.5)

just encompasses that for Lagar Velho 1, i.e., this is an appropriate reference sample for pre-

diction purposes, as applied to this specimen. 

The mean crural index in Denver 4-5 year-olds is 81.73 ± 0.45, and in adults 83.53 ± 0.51,

which is highly significantly different (P = 0.0001, paired t tests), as expected given the dif-

ference between intermetaphyseal and maximum length proportions shown above. If the

juvenile indices are “corrected” by adding 2.0, based on the comparisons among 10-12 year-

olds, they are not significantly different from those of adults (83.73 ± 0.45, P > 0.50). As in

the upper limb, comparisons within the juvenile Inupiat anthropometric sample (N = 190)

demonstrate no significant age change from 5 to 20 years in the ratio of “tibia” to “upper

thigh” length (r = 0.11, P > 0.10). Thus, aside from the effect of the added epiphyses, this

ratio also appears relatively stable, on average, between 4-5 years and adulthood.4 The pre-

diction equation for adult crural index from 4-5 year-old index in the Denver sample (not

“corrected” in juveniles) is: adult = (0.850 x juvenile) + 14.06, with a SEE of 1.51. Using its

tibial and femoral lengths (Table 25-2), Lagar Velho 1 has a crural index of 78.4 as a child

and an estimated index of 80.7 as an adult (95% CI ± 3.2) (using a “corrected” value for Lagar

Velho 1 and an equation incorporating the same correction factor for Denver juveniles pro-

duces identical results). As with the brachial index, the range of values for the crural index

in the Denver 4-5 year-old sample (77.8-84.6) encompasses the value for Lagar Velho 1.

Crural and brachial indices for Lagar Velho 1 are compared to those for the four adult Late

Pleistocene samples (data derived from Table 25-1) in Table 25-4 and Fig. 25-11. Because the

sex of Lagar Velho 1 is not known, sexes are combined for the sexually dimorphic brachial

index. The crural index is clearly higher in the two early modern samples than in the two Nean-

dertal samples, mirroring results shown earlier (Fig. 25-5). The estimated adult value for

Lagar Velho 1 is intermediate between early moderns and Neandertals, and its 95% CI over-

laps with individuals in both groups. However, the Lagar Velho estimate falls closer to the two

FIG. 25-11 – Crural and brachial indices in Late Pleistocene adults (horizontal lines indicate sample means) and adult estimates

for Lagar Velho 1, with 95% confidence intervals. See Tables 25-4 for data values.
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Neandertal means (about half its distance from the two early modern means), and its 95% CI

encompasses both Neandertal means but falls below those of the two early modern groups.

The brachial index shows more variability within and between groups, again mirroring ear-

lier results (Fig. 25-6) — some of this increased variability can be attributed to sexual dimor-

phism as well. If only European specimens are considered, early moderns are higher on aver-

age than Neandertals. The 95% CI for Lagar Velho 1 overlaps widely with both European

groups, but its estimated adult index is clearly much closer to that of European Neandertals. 

Although there are no sufficiently complete early modern human European juveniles

available for comparison, one early adolescent (ca.13 years old) specimen does provide a

crural index. This is the Sunghir 2 specimen, and its crural index of 85.3 (from data in

Kozlovskaya and Mednikova, 2000) is between the means of the European EUP and Qafzeh-

Skhul samples (Table 25-4). It is possible that the crural index of this individual is about a

point higher than it would be as an adult, given the earlier growth in the tibia during ado-

lescence (Ruff and Walker, 1993), but even reducing it to 84.3 places it in the middle of the

European EUP range. This makes it likely that the crural indices of younger juvenile Euro-

pean EUP individuals were, like Skhul 1, rather high.

Table 25-4
Brachial and crural indices of Lagar Velho 1 and Late Pleistocene adults. Sample
means and standard deviations are derived from the data in Table 25-1.

Specimen/Sample Crural Index Brachial Index

Lagar Velho 1, child 78.4 73.8

Lagar Velho 1, est. adult 80.7 74.1

(95% CI) (77.5-83.9) (70.3-77.9)

European EUP 84.9 ± 1.7 (18) 77.7 ± 2.0 (20)

Qafzeh-Skhul 86.0 ± 2.1 (4) 75.2 ± 6.8 (3)

European Neandertals 78.2 ± 1.7 (4) 73.2 ± 2.5 (5)

NE Neandertals 78.1 ± 1.2 (5) 77.2 ± 2.1 (4)

Thus, these results largely support those based on direct comparisons between juve-

nile specimens, with Lagar Velho 1 more closely allied with Neandertals than with early mod-

erns (in the upper limb, in Europe only), although because of inherently greater uncertainty

from using predicted adult values rather than juvenile comparisons, such results must be

treated with some caution. 

Body Breadth Proportions

General Issues

Body breadth shows one of the strongest ecogeographical trends in body form observed

among modern humans, with populations from colder regions exhibiting systematically

broader bodies than those from warmer regions (Roberts, 1978; Ruff, 1991, 1994). It has been

shown that this is part of the more general trend to reduce surface area / body mass in colder

climates, and vice versa (Ruff, 1991, 1994). As noted earlier, this geographic patterning has

also been found among earlier humans, with higher latitude specimens, including Neander-

tals, showing evidence of broader bodies (Ruff, 1991, 1994; Churchill, 1996; Holliday, 1997b;
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Arsuaga et al., 1999; Rosenberg et al., 1999). In contrast, early modern humans from the Near

East and Europe have narrower bodies, which has been interpreted as evidence that they orig-

inated from a warmer, tropical or subtropical environment (Ruff, 1994; Holliday, 1997a,

2000a). Thus, the body breadth characteristics of Lagar Velho 1 are of considerable interest.

There are two problems in evaluating such characteristics, however. First, as with

intramembral length proportions, body breadth proportions have not been systematically

investigated in children as they have been in adults. The only study of which we are aware

that attempted to do so is that by Ruff and Walker (1993) of the 11-12 year-old West Turkana

Homo erectus KNM-WT 15000, which, given the nature of the study, was primarily con-

cerned with proportions of tropical children in an older age range than that of Lagar Velho

1. Second, body breadth dimensions are very difficult to ascertain from skeletal remains in

younger children. Bi-iliac (maximum pelvic) breadth has been widely used as a body breadth

indicator among adults, for reasons given elsewhere (Ruff, 1991). However, this dimension

is extremely difficult to reconstruct accurately in younger juvenile skeletal remains, and in

any event could not be reconstructed in Lagar Velho 1 due to the state of preservation of its

pelvis (Chapter 28). Pubic length can give some hints regarding pelvic morphology (Duarte

et al., 1999), but is difficult to interpret in terms of overall pelvic breadth given uncertain-

ties in pubic angulation (Rak and Arensburg, 1987). We are not aware of any studies that

have attempted to relate pubic length to total pelvic breadth in children, and pubic length

could not be measured on the Denver Growth Study sample. 

Given these problems, a more indirect approach is used here to assess relative body

breadth in Lagar Velho 1. First, relative bi-iliac breadth / stature is examined in the Denver

sample, the (living) juvenile Inupiat sample, and a more limited sample of African children

to test whether observed differences in modern adults are characteristic of young children

as well. Second, the usefulness of a skeletal proxy for relative body breadth — distal femoral

metaphyseal M-L breadth/femoral intermetaphyseal length — is evaluated in the Denver

sample. Finally, this skeletal proportion is examined in Lagar Velho 1 and other available

Late Pleistocene juvenile specimens relative to the Denver sample.

Relative Body Breadth in Modern Children

Bi-iliac breadth and stature data were

available for the Alaskan Inupiat juvenile

sample from about 5 to 20 years of age (N =

199); measurements of the Denver Euro-

american sample were selected for a similar

age range (20 individuals, average of 24 mea-

surements per individual). In addition, mean

bi-iliac and stature data by yearly intervals

for a 5-10 year-old Nigerian sample were

obtained from Eveleth and Tanner’s (1976)

compendium (Appendix Tables 40, 41, 51:

“Ibadan (well-off), M.D. Janes, unpubl.”). 

Fig. 25-12 is a plot of bi-iliac breadth against

stature for the three samples, showing

LOWESS (Cleveland, 1979) regression lines

through each. Sexes were combined here

FIG. 25-12 – Bi-iliac breadth to stature in three modern

juvenile samples (LOWESS regression lines — see text).

I: Inupiat; D: Denver Euroamericans; N: Nigerians.
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(each sample has equal or nearly equal sex representation); sex-specific comparisons yield

very similar results. 

Fig. 25-12 clearly shows that the geographic gradient in body breadth observed among

modern adults is also characteristic of children. Furthermore, this difference in body pro-

portions appears to be established early in childhood, i.e., it is not a product of growth dif-

ferences during later childhood or adolescence. Thus, we would expect to see such differ-

ences in children of the age of Lagar Velho 1.

Femoral Metaphyseal Breadth to Length Proportions

Lower limb articular size has been shown to be correlated with body mass in humans

(Ruff et al., 1991; McHenry, 1992; Grine et al., 1995). Thus, it is not surprising that differ-

ences in femoral head size relative to femoral length have been found to parallel differences

in body mass to stature, or body breadth to stature (Ruff, 1994; Holliday, 1997a, 2000a). 

Well-preserved lower limb epiphyses, including the femoral head epiphysis, are avail-

able for Lagar Velho 1 (Chapter 29). However, this is a rare circumstance for juvenile arche-

ological or paleontological specimens of this age range. In addition, long bone epiphyses are

generally not completely formed at this age, i.e., they do not reflect the actual maximum

dimensions of the articular surface. In the Denver Growth Study sample, the earliest ages

at which femoral epiphyses were found to reliably reflect joint size in all individuals was 5-

6 years in the proximal femur and 8-9 years in the distal femur. 

For these reasons, a metaphyseal rather than epiphyseal breadth dimension was used

as a measure of articular size for juveniles. Proximal femoral metaphyseal breadths are rel-

atively poorly defined in younger children, due to rounding of the bone edges (which are

filled with cartilage in life). However, distal femoral metaphyseal breadths, especially M-L

breadth, are “sharp” and well defined, and measurable at all ages (prior to epiphyseal fusion

in late adolescence). Furthermore, they are well correlated with the actual dimensions of the

articular surface (see below). Maximum M-L metaphyseal breadth of the distal femur was

measured in all individuals in the Denver

Growth Study sample, up to 15-19 years of

age, when the distal epiphysis undergoes

fusion. Mediolateral breadth of the femoral

condylar articular surface was also measured

in the same sample, beginning at 6-9 years of

age. The correlation between metaphyseal

and articular M-L breadths in 9-15 year-olds is

0.95, with an average difference between

dimensions of 0.06 mm (P > 0.50, paired t

tests). 

Fig. 25-13 is a plot of bi-iliac breadth /

femoral intermetaphyseal length on distal

femoral metaphyseal M-L breadth / femoral

intemetaphyseal length in the 20 Denver 4-

5 year- olds. There is a significant but mod-

erate correlation between the two: r = 0.521

(P < 0.02) , with a percent standard error of

estimate of 4.0%. Thus, it appears that the

FIG. 25-13 – Bi-iliac breadth/femoral intermetaphyseal length

versus distal femoral M-L metaphyseal breadth/femoral

intermetaphyseal length in 4-5 year-olds from the Denver

Euroamerican sample. Least squares regression line

plotted through data.
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intra-femoral proportion is indicative, to some extent, of body proportions in young chil-

dren, albeit with a fairly wide range of variation. 

Distal femoral metaphyseal M-L breadths were measured on Lagar Velho 1 and two

other Late Pleistocene juveniles in the same general age range: Qafzeh 10 and La Ferrassie

6 (see Table 25-2). The left femoral distal metaphysis of Lagar Velho is virtually complete

but slightly abraded medially — our best estimate of its true M-L breadth is 44 mm. Distal

metaphyseal breadths are largely complete for Qafzeh 10 and La Ferrassie 6, with both hav-

ing medial abrasion and the latter exhibiting some lateral erosion; they are estimated at 48.5

and 45 mm respectively. Femoral intermetaphyseal lengths for Lagar Velho 1 and La Fer-

rassie 6 are given in Table 25-2; an intermetaphyseal length of ca.240 mm was obtained

radiographically for Qafzeh 10, determining the metaphyses where they are obscured by the

postmortem fused epiphyses (see Tillier, 1999) and correcting for parallax.

Fig. 25-14 shows distal femoral M-L metaphyseal breadth plotted against femoral inter-

metaphyseal length in the three Pleistocene specimens and a similarly-aged sample from the

Denver Growth Study. For this comparison all available measurements on the 20 individuals

in the Denver Study between the ages of 2.5 and 6 years were used (total of 151 measurements).

In part this was done to extend both the age and size ranges so that they encompassed those

of the Pleistocene specimens (Table 25-2), as well as to show the range of variability in this pro-

portion present among the modern children. Of course, because the data represent multiple

measurements on the same children, they are not independent and so cannot be used to cal-

culate standard errors of estimate or confidence intervals. In fact, though, SEE’s are quite sim-

ilar in the sample shown in Fig. 25-14 and in the sample of 20 individuals measured once at

4-5 years of age — about 2.5 mm. Least squares regression coefficients for the two samples (N

= 20 and N = 151) are also almost identical. Both least squares and reduced major axis regres-

sion lines were calculated for the larger Denver sample and are plotted in Fig. 25-14.

Regardless of the regression technique applied, Lagar Velho 1 and Qafzeh 10 are

clearly more similar in proportions to each other than either is to La Ferrassie 6. The first

two specimens fall near the lower edge of the

modern distribution, and the last in the upper

half. In terms of percent prediction errors

(see above) with respect to the modern sam-

ple, Lagar Velho 1 and Qafzeh 10 are -7.4%

and -5.9% (LS), or -6.0% and -7.0% (RMA),

respectively, while La Ferrassie 6 is 1.6% (LS)

or 5.8% (RMA). 

Although the three Pleistocene specimens

are of broadly similar ages and individuals in

the modern Denver sample were chosen to be

in the same age range, there is still the possi-

bility of age differences in breadth/length pro-

portions within this range that could affect

results; there are highly significant declines

with age in bi-iliac breadth/femoral length and

distal femoral metaphyseal breadth / femoral

length in the Denver sample as a whole, even

if infants under 2.5 years are excluded. Fig. 25-

-15 is a plot of the ratio of distal femoral meta-

physeal M-L breadth / femoral intermetaphy-

FIG. 25-14 – Distal femoral M-L metaphyseal breadth versus

femoral intermetaphyseal length in 2.5-6 year-olds from

the Denver Euroamerican sample and Late Pleistocene

juveniles. Both least squares and RMA (steeper slope)

regression lines plotted through the modern data. Filled

star: Lagar Velho 1; open circle: Qafzeh 10; filled square:

La Ferrassie 6.
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seal length against age in 2.5 to 6 year-olds

from the Denver sample and the three Pleis-

tocene specimens (the midpoints of estimated

ages were used for Lagar Velho 1 and La Fer-

rassie 6). A LOWESS regression line, which is

actually quite linear, is plotted through the

modern data, and shows that the ratio does

indeed decline through this age period. (An

examination of individual data reveals a simi-

lar, significant linear decline in all individuals

in the sample.) This analysis gives a somewhat

different result than that shown in Fig. 25-14,

in that Lagar Velho 1 and Qafzeh 10 are now

close to the middle of the Denver distribution,

while La Ferrassie 6 is well above the distribu-

tion. However, the general pattern is the same:

the former two specimens are very similar to

each other, and distinct from the latter. 

To the extent that femoral metaphyseal

breadth / length proportions reflect body pro-

portions, then, Lagar Velho 1 appears to be much more similar in relative body width to the

early modern juvenile Qafzeh 10 than it is to the Neandertal juvenile La Ferrassie 6. This

result would be in agreement with the apparently modest lengths of both the clavicle (Chap-

ter 30) and the superior pubic ramus (Chapter 28) of Lagar Velho 1. This interpretation con-

trasts with intramembral length proportions, which as shown above ally Lagar Velho 1

with Neandertals. This result must be viewed with some caution, however, given the only

moderate relationship between intra-bone and body proportions (Fig. 25-13). Also, relative

width / length proportions (of bodies, and likely of bones as well) can be as much affected

by differences in the denominator as in the numerator, and it is really the numerator, i.e.,

absolute body breadth, that is of the most ecogeographic significance (Ruff, 1991, 1994).

However, based on intramembral bone length comparisons, at least (Fig. 29-7 and 25-10),

it seems unlikely that Lagar Velho 1 had unusually long limbs relative to Neandertals, and

certainly relative to early moderns, so that the above results are not being driven by the

denominator — if anything, the long bone length results make the patterns seen in Figs.

25-14 and 25-15 even more striking.

Body Mass and Stature

Finally, it is of interest to estimate the body mass and stature of Lagar Velho 1 for com-

parison with modern children. Prediction equations were therefore developed using the

Denver Growth Study sample. As shown above, this sample encompasses the skeletal, and

thus we assume bodily, proportions of Lagar Velho 1, and so should be a generally appro-

priate modern reference sample (for caveats to this see below). However, the absolute size

of Lagar Velho 1, in terms of bone lengths and articular breadths, falls slightly below the

range of values represented in the “4-5 year-old” Denver sample (mean 4.6 years, range 

4-5.5 years) used in previous analyses. Therefore, to avoid extrapolation beyond the data, a

slightly younger sampling of these 20 individuals was selected here, with ages from 3.5 to

FIG. 25-15 – Distal femoral M-L metaphyseal breadth/femoral

intermetaphyseal length versus age in 2.5-6 year-olds

from Denver Euroamerican sample and Late Pleistocene

juveniles. LOWESS regression line fitted through modern

data. Filled star: Lagar Velho 1; open circle: Qafzeh 10;

filled square: La Ferrassie 6.
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5 years (mean age 4.1 years), which included several individuals in the same size range as

Lagar Velho 1, while still overlapping in age with the specimen; use of the slightly older

sample of Denver children produces very similar results.

Various combinations of lower limb dimensions were assessed for body mass estima-

tion, including femoral and tibial lengths and femoral articular breadths (tibial articular

breadths were not available for the Denver sample). The combination with the smallest stan-

dard error of estimate was found to be a multiple regression of body mass on femoral distal

metaphyseal M-L breadth (FDMB) and femoral intermetaphyseal length (FIML). The formula

is: body mass = 0.0407(FIML) + 0.2838(FDMB) - 8.69 (body mass in kg, other dimensions

in mm), with r = 0.868 and SEE = 0.93 kg. Both independent variables contributed signifi-

cantly to prediction (P < 0.01). Addition of tibial length (or any upper limb bone length) did

not improve prediction. The single best predictor of body mass is femoral distal metaphyseal

M-L breadth, with an SEE of 1.12 kg (the formula is body mass = 0.4452(FDMB) - 6.41). 

Femoral and tibial intermetaphyseal lengths together provide a better estimate of

stature than either does independently (SEE’s of 1.73 cm for femur and tibia, versus 1.81 cm

for femur and 1.87 cm for tibia alone). Adding humeral intermetaphyseal length increases

accuracy (SEE = 1.61 cm). Adding radial length does not improve prediction. The equation

using femoral and tibial IML’s is: stature = FIML(1.519) + TIML(2.072) + 32.0. The equa-

tion including humeral length is: stature = FIML(0.734) + TIML(1.469) + HIML(2.015) +

28.0. (All measurements are in cm.) In plots of height against each long bone length indi-

vidually, relationships appeared very linear.

Body mass and stature estimates for Lagar Velho 1 are given in Table 25-5, using the

two best prediction equations for each. The prediction equations yield virtually identical

estimates. The best estimates of Lagar Velho’s body mass and stature are 13.2 kg and 94.4

cm, respectively, with 95% confidence intervals of ± 2.0 kg and ± 3.4 cm. 

These are very small body size estimates for this age by comparison with the Denver

Growth Study sample or modern Euroamerican standards in general. For the Denver sample

as a whole (Hansman, 1970), these values would fall outside the total range recorded for 4.5-

5 year-old boys and girls for stature, and are about equal to the minimum value recorded for

body weight in the entire sample (N = 180). Data reported for a much larger (and multi-eth-

nic) sampling of the general United States population (Hamill et al., 1979) yield similar

results: Lagar Velho 1 falls below the fifth percentile in height and weight of 4.5-5 year-old boys

or girls. However, Lagar Velho is much more “normal” with respect to weight for height, falling

at about the 25th percentile based on the same reference population (Hamill et al., 1979).

It is possible that the modern United States population is simply very large and/or

fast-growing by overall world standards. Therefore, a survey of data for 4-5 year-olds from

other areas of the world, including many developing countries, compiled by Eveleth and

Tanner (1976), was also consulted. Lagar Velho 1’s estimated stature is below the 4-5 year

old mean for a large majority of these samples, and his/her body mass is below the mean

for almost all of them. Thus, Lagar Velho was small for his/her age compared to modern

children in general.

This result should be treated with caution, however, for several reasons. First, while

Lagar Velho 1 does indeed have intramembral proportions that overlap with those of the ref-

erence (Denver) sample, given the only weak correspondence between such proportions and

trunk height/limb length (see above), stature may be underestimated if Lagar Velho 1 had

a relatively long trunk compared to the Denver children. In fact, there is no correlation

between relative sitting height and crural index in the 4-5 year-old Denver sample 

(r = 0.145, P > 0.50.) Such a difference could also lead to underestimates of body mass. 
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However, with regard to the latter, it is worth noting that the estimate from distal femoral

metaphyseal breadth alone, which would not be expected to be affected by limb length pro-

portions, yields an identical body mass estimate (Table 25-5). 

Table 25-5
Body mass and stature estimates for Lagar Velho 1, with the estimate and its 95%
confidence interval. Intermetaphyseal lengths (IML) from Table 25-2; distal
femoral M-L metaphyseal breadth: 44 mm.

Parameter Prediction Variables Estimate

Body Mass (kg) femoral distal metaphyseal breadth 13.2 (10.8-15.6)

femoral IML, distal metaph. breadth 13.2 (11.2-15.2)

Stature (cm) femoral, tibial IML’s 94.6 (91.0-98.2)

femoral, tibial, humeral IML’s 94.4 (91.0-97.8)

As a further check on stature reconstruction, the stature of Lagar Velho 1 was also esti-

mated using equations derived by Telkka et al. (1962) based on a large sample of Finnish chil-

dren. Their (radiographic) measurements of femoral and tibial lengths are nonstandard, but

upper limb lengths and fibular lengths appear to be equivalent to maximum intermetaphy-

seal lengths as measured here. Application of their humeral, ulnar, and fibular formulas for

boys and girls aged 1 to 9 years yields stature estimates for Lagar Velho 1 varying between 91

and 95 cm (mean 92.6 cm, SEE’s for each equation about 3-5 cm), i.e., similar to but on aver-

age slightly shorter than those obtained using the Denver sample. No information on rela-

tive limb length proportions are available for this sample, but data for relative sitting height

[(sitting height/height) x 100)] of Finnish children are given in Eveleth and Tanner (1976,

Appendix Table 10); Finnish 4-5 year-olds average 56.7. This compares with an average

index of 56.4 in the Denver 4-5 year-olds, and 57.0 in the very small available sample of Inu-

piats in this age range (N = 5) (Jamison and Zegura, 1970; Jamison, 1978). Thus, based on

these limited data, all three higher latitude samples appear to have similar proportions at this

age. This contrasts with tropical populations, who have relatively long lower limbs even in

early childhood (Eveleth, 1978). Interestingly, Eveleth (1978) points out that the particularly

short limbs characteristic of some Asian populations develop during later childhood and ado-

lescence, a pattern also evident in growth comparisons of Inupiat and Denver children (data

not shown). Further possible ramifications of these observations are discussed later.

With regard to body mass estimation, it is also possible that Lagar Velho 1, and Pleis-

tocene populations in general, were more muscular than modern samples and so could have

weighed more for their skeletal size (Kappelman, 1997; Arsuaga et al., 1999). It has been

shown that this is likely not true for adults, however (Ruff, 2000b; also see Ruff et al., 1997),

which suggests that it is unlikely for juveniles as well. 

Finally, it is possible that postcranial and dental growth trajectories were different in Lagar

Velho 1 than they are in modern populations, specifically, dental development may have been

advanced relative to postcranial development, thus leading to older dental age estimates asso-

ciated with an earlier growth stage for the body as a whole. This would be opposite to the pat-

tern seen in the early Homo erectus juvenile KNM-WT 15000, who appears to have had accel-

erated postcranial relative to dental development (Ruff and Walker, 1993; Smith, 1993). How-

ever, assessments of the stages of development of cranial and axial synchrondroses and appen-

dicular epiphyses relative to the dental age assessment (Chapter 15) indicate that there was lit-

tle if any overall delay in skeletal development relative to that suggested by the dentition.
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Discussion

Relative limb length and body breadth vary ecogeographically in modern and earlier

human adults. As shown here (also see Ruff and Walker, 1993), the same appears to be true

for juveniles as well. With regard to intramembral bone length proportions, Lagar Velho 1

clearly aligns with modern higher latitude children, as do Neandertal juveniles. In contrast,

early modern juveniles from Skhul and Qafzeh have more “tropical” proportions, although

the evidence for the upper limb is somewhat more ambiguous (as it is for adults). It is unfor-

tunate that there are no European Early Upper Paleolithic remains in the same age range

to compare with these data, although the available evidence for adults and the one early ado-

lescent specimen, in the lower limb at least, suggests that Near Eastern and European

early modern humans share similar intramembral proportions. In terms of body breadth,

Lagar Velho 1 may have had a relatively narrow body compared to modern higher latitude

populations. In this respect, he/she appears more aligned with the early modern Qafzeh 10

than with the Neandertal La Ferrassie 6. 

Thus, in some respects Lagar Velho 1 appears to represent a mix of body shape char-

acteristics, with relatively short distal limb segments but a relatively narrow body. Both of

these observations, however, have to be viewed with some caution. It is clear from the evi-

dence reviewed earlier that intramembral proportions do not always reflect total limb length

/ trunk length proportions, and the lack of correlation between the two in the Denver juve-

nile sample reinforces this conclusion. Thus, it is dangerous to extrapolate from such bone

length proportions to conclusions regarding overall limb length. Still, the distal limb ele-

ment shortening does appear to be a strong higher latitude trait (also compare with the

“hyper-tropical” intramembral proportions of KNM-WT 15000, see Ruff and Walker, 1993).

The evidence for overall body narrowness is more tenuous, since the association between

within-bone proportions and body proportions is not particularly strong. However, evi-

dence from the clavicle and preserved pubic portion of the pelvis of Lagar Velho 1 (Chap-

ters 28 and 30) also supports this conclusion 

In any interpretation of these results, it is important to consider how environmentally

labile (as opposed to genetically canalized) such proportions are. This has implications for

use of such features in reconstructing population affinities, as well as in determining pos-

sible environmental effects during growth and development. There are some direct exper-

imental data bearing on this question, as well as indirect evidence from studies of human

migrants and/or secular effects under changing environments. The following review is not

intended to be exhaustive, but should give some idea of the variety of results that have been

obtained. 

Experimental data derived from studies of animals raised under different environ-

mental conditions provide some support that ambient temperature can affect growth pat-

terns and resulting body proportions. Weaver and Ingram (1969) raised genetically simi-

lar (littermate) pigs at different temperatures and found that colder temperature stunted

limb (and ear and tail) growth relative to body weight while warm temperature had the oppo-

site effect. Interestingly, though, examination of their data shows that the crural indices

were essentially the same in the different groups, i.e., cold-rearing appeared not to have dif-

ferentially affected distal limb element growth. Also, trunk length, too, was shortened in the

cold-reared group, thus, limb length to trunk length did not change (although both limb and

trunk length relative to body width must have declined). Lee et al. (1969) found that cold-

reared rats showed more stunting in the metacarpals than in the tibia; however, no com-

parison between the tibia and femur was carried out; also, the observed effect actually
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decreased rather than increased through the experimental period. Riesenfeld (1973) carried

out a number of experiments of both temperature and nutrition on the growth of rats. Cold-

rearing decreased distal/proximal limb bone lengths in the forelimb, but not in the

hindlimb, while heat-rearing increased distal/proximal lengths in the hindlimb but had

much less effect in the forelimb. 

An analogous “natural experiment” in humans was reported by Eveleth (1966) who

examined Euroamerican children who had lived in the tropics at least half their lives, osten-

sibly while maintaining a Euroamerican diet. While she found some apparent effects on

overall size and soft tissue, with weight, height, weight/height and relative calf girth smaller

than in age and sex-matched samples living in the United States, relative sitting height was

not affected. She also reviewed some of the earlier investigations bearing on this question,

which were primarily concerned with climatic effects on growth changes in body size rather

than shape. All of these studies are potentially confounded by the numerous uncontrolled

variables inevitable in comparisons of this kind. 

Trinkaus (1981) provided evidence from skeletal samples that intramembral limb pro-

portions remained relatively constant in populations that had migrated to different cli-

matic zones, i.e., Europeans living in South Africa and African-Americans living in the

United States were more similar in proportions to their populations of origin than to their

current climatic zones [despite significant European admixture in the latter population

(Parra et al., 1998, 2001)]. However, Southwest Amerindians were more similar in pro-

portions to lower latitude populations than to their presumably northeast Asian ancestors.

This difference in results could be due to differences in length of occupation of the new cli-

matic zones (several generations in the first two cases versus many millennia in the last

case), which could imply a genetic effect or greater cultural buffering of the effects of the

first two migrations because they were much more recent. 

Nutritional effects on body proportions have also been studied in both animals and

humans. Riesenfeld (1973) found that nutritional deprivation increased crural indices in

male rats. Fleagle et al. (1975) observed the opposite kind of effect in undernourished Cebus
monkeys compared to controls — more stunting distally, in the foot, than proximally, in the

tibia. However, examination of their data indicates very little if any change in intramembral

(i.e., tibia/femur, radius/humerus) proportions as a result of protein or calorie malnutrition. 

Several studies have examined human generational changes in body size and propor-

tions under changing environmental conditions, either following migrations or as secular

effects within regions. There is evidence, reviewed previously (Ruff, 1994), that absolute

body breadth is little affected by such changes, with increases or decreases in relative body

breadth primarily dependent on changes in stature (which is environmentally sensitive).

Froehlich (1970) reported an interesting study of three generations of immigrant Japanese

in Hawaii. Successive generations showed not only an increase in stature but also a pro-

gressive increase in crural and brachial indices, indicating preferential growth in the dis-

tal elements. Relative sitting height showed very little generational change but may have

been confounded by age changes (degenerative changes in the vertebral column). An

improvement in nutrition, especially an increase in protein consumption, was considered

the most likely cause of these changes. Tanner et al. (1982) presented evidence that recent

secular increases in stature among Japanese in Japan were due almost entirely to increases

in lower limb length, leading to a decrease in relative sitting height such that younger

Japanese were similar to Europeans in this regard. He also cited evidence for a similar pref-

erential increase in lower limb over trunk length among Norwegians earlier in this century.

No specific cause of these changes was postulated in the report, although ostensibly the
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same factors that have been considered to lead to a secular increase in stature — improved

nutrition and overall better health conditions (Eveleth and Tanner, 1976) — would also be

responsible. As noted earlier, the relatively shorter limbs of some Asian populations com-

pared to Europeans develop primarily during later childhood and adolescence, and the

data from Tanner et al. (1982) indicate that this may be due in part to nutritional differences.

It is not clear to what extent nutritional differences may have contributed to the differences

in limb length proportions observed here between Inupiats and Europeans (see above).

However, according to Tanner et al.’s hypothesis, such nutritional factors should have

their most apparent effects later during development, so that comparisons among 4-5 year-

olds should be less affected. 

Jantz and Jantz (1999) examined secular changes in long bones in United States sam-

ples from the mid-19th century to the 1970’s. Along with a general increase in lengths, cor-

related with the well-documented increase in stature over this time period, the authors

claimed to show proportionally greater increases in distal limb elements, particularly in the

lower limb. However, the extent of this proportional change cannot be determined from

their data — linear regressions of bone length on year of birth are similar for the femur and

tibia, and only correlation coefficients, but not slopes, are given for “bone shape” variables

(individual lengths divided by total sum of lengths) regressed against year of birth (in two

out of four ethnic/sex groups tested, correlations are higher for femoral “shape” than for

tibial “shape”). In a study of Ivy League school parents and their children measured in the

1800’s and early 1900s, Bowles (1932) found that lower limb length increased relatively

more than sitting height in sons (although this was due mainly to an increase in thigh length

rather than lower leg length), but the opposite trend was observed in a smaller sample of

mothers and daughters. 

As described earlier, the Kulubnarti Nubian skeletal sample used in the present study

has been the focus of a number of past investigations that have documented severe nutri-

tional deficits in the population (Van Gerven et al., 1995, and references therein). However,

the intramembral proportions of this sample are high — in fact near the upper limit for trop-

ical populations — indicating that malnutrition had little effect on relative growth of distal

versus proximal elements (the alternative — that the Kulubnarti population would have had

even higher intramembral proportions had they been well-nourished — seems less likely

since this would have given them the most extreme proportions observed among modern

populations). 

Eveleth (1978) presented some evidence relevant to genetic versus environmental con-

straints on human body proportions based on measurements of offspring of interracial mar-

riages. Children of African-American and Japanese parents had lower limb/trunk propor-

tions intermediate between those of African-American and Japanese children, while off-

spring of Japanese and Euroamerican parents were not intermediate but rather similar to

Japanese (in both cases the mother was Japanese, and children were raised in Japan).

Although Eveleth tentatively attributed these results to a stronger genetic influence of

African-American genes, it may be that Europeans and Japanese are more genetically sim-

ilar in relative limb proportions than realized at the time this study was carried out (see Tan-

ner et al., 1982), and so the latter finding may be a result of a common (nutritional) envi-

ronment in the Japanese and Japanese-Euroamerican children against a similar genetic

background. She also presented evidence that despite generations of interbreeding with

Euroamericans, African-American children had increased lower limb length/trunk height

relative to African children, which she provisionally attributed to a better environment in

the United States. However, interestingly, this is not the case for distal/proximal limb pro-



portions, in which African-Americans are apparently intermediate between Africans and

Euroamericans (Ruff and Walker, 1993: Fig. 11.11).

Finally, evidence from Late Pleistocene European skeletal samples themselves may

shed some light on environmental versus genetic effects on body proportions. As noted ear-

lier, one of us (Holliday, 1997a) found a reduction in limb bone lengths relative to skeletal

trunk height from the Early to the Late Upper Paleolithic, but no change in intramembral

proportions. This suggests more of a genetic constraint on intralimb proportions than on

total limb length. 

In sum, the evidence for environmental effects on body proportions during growth and

development is mixed. Ambient temperature may affect growth in some linear dimen-

sions (although not body breadth), but evidence for a stronger effect on distal versus prox-

imal limb elements is not consistent. Evidence regarding nutritional effects is even more

variable, although on balance it seems that there may be more of an effect on limb length

than on trunk height. Distal/proximal gradients of nutritional sensitivity within the limbs

are inconsistent between studies, although conclusions are hampered by a general lack of

data for living populations, especially children. As with climatic factors, nutritional level

seems to have little effect on body breadth (see Ruff, 1994). Regarding variability in some

of these results, it may be that different types of nutritional deficits (e.g., protein versus

caloric) have different effects on linear growth of the body, thus, physiological mecha-

nisms may be more complex than simple overall nutritional level.

What does all of this signify with respect to Lagar Velho 1? Given all of the above, it

seems unlikely that his/her low intramembral proportions were a result of a nutritional

deficit. Lagar Velho 1 is indeed small in absolute body size compared to modern children

of his/her age. However, the same is true for the other two juvenile specimens included here

— La Ferrassie 6 and Qafzeh 10 — both of whom would be small by comparison with mod-

ern children of the same age (the two specimens have body mass estimates of 11.9 kg and

16.4 kg, respectively, using distal femoral metaphyseal breadth and femoral length in the

equation given above). There is also no evidence from other skeletal indicators that Lagar

Velho 1 suffered from malnutrition (Chapter 31). In any event, support for a nutritional effect

on intramembral proportions is equivocal. 

The same can be said for direct climatic influences during growth and development —

the evidence for such an effect in humans or experimental animals is weak at best. Also, if

this were the case then one would certainly expect to see the same effect in Upper Paleolithic

adults in Europe. Not only do European early Upper Paleolithic adults have high crural and

brachial indices, but this is evident in both the more Mediterranean specimens and those

such as Sunghir 1 and 2, Paviland 1, Pavlov 1 and Dolní Věstonice 3, 13, 14 and 16, all of

whom experienced annual temperatures considerably colder than those of western Iberia

(especially the Sunghir individuals at 56° N latitude!). Thus, it is unlikely that Lagar Velho

1’s low intramembral proportions were the result of an alteration in growth patterns as a

result of cold exposure. 

Body breadth is relatively unaffected by either nutrition or climate during growth

(Ruff, 1994). Thus, the narrow body of Lagar Velho 1, more similar to that of Qafzeh 10

and unlike that of Ferrassie 6, would seem to imply genetic relatedness to early modern

populations in Europe (Ruff, 1994). If intramembral limb length proportions are also

fairly genetically conserved, then this raises the interesting possibility of contrasting

genetic influences on two aspects of body form that normally covary. In any event, Lagar

Velho exhibits a mosaic of postcranial characteristics that would be unusual in a modern

child.
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The limitations of body size and shape reconstruction from skeletal remains, even

those as well preserved as Lagar Velho 1, must be recognized in any of these analyses. We

cannot measure several key defining characteristics of Neandertal and subsequent European

populations in this individual (or indeed in any young juvenile from the Late Pleistocene),

including relative limb length to trunk height, or body breadth, although we can get at least

some indication of the latter from the proportions of preserved skeletal elements. We are

also lacking sufficiently preserved specimens of a similar age range from Early Upper Pale-

olithic populations in Europe with which to compare Lagar Velho 1. However, despite these

limitations, using appropriate methods it is possible to characterize some aspects of body

shape in Lagar Velho 1 and to place this specimen into a firmer developmental and evolu-

tionary context. 

NOTES

1
Both proximal and distal humeral and femoral M-L metaphyseal breadths are potentially measurable from birth through adolescence.

However, proximal metaphyseal breadths on these bones tend to be poorly defined radiographically in younger children, and so they were

not measured in the Denver sample. Distal humeral metaphyseal breadth could not be measured on a number of Denver children

because of obvious problems in humeral positioning (rotation) during x-raying, greatly reducing sample sizes; also, this metaphyseal sur-

face is damaged laterally on Lagar Velho 1. Femoral and humeral head epiphyses and a distal femoral epiphysis are preserved for Lagar

Velho 1. However, on the Denver radiographs the distal femoral epiphysis was usually not sufficiently developed to measure until after

age 6 or 7 years, i.e., until older than Lagar Velho 1, and the preserved humeral head epiphysis for Lagar Velho 1 is incompletely formed

[the corresponding proximal surface on the metaphysis is more than 8 mm wider than the maximum epiphyseal breadth (Chapter 30)].

Diaphyseal shaft breadths have been shown to be very sensitive to behavioral use of the limbs during childhood (e.g., Ruff et al., 1994),

and thus they are not reliable for body mass estimation in populations that may vary significantly in activity level.
2

Trinkaus (1981) used femoral bicondylar length rather than maximum length to calculate crural indices. For consistency with the other

samples included here, bicondylar length was converted to maximum femoral length using the formula: maximum length = (bicondy-

lar length x 0.984) + 9.88 (r = 0.998; %SEE = 0.1), derived from a sample of 40 femora from the Pecos Pueblo Amerindian collection.

Individual values were converted and crural indices recalculated. 
3

Inclusion of this individual in the tibial to femoral length regressions shown earlier was not found to have any appreciable effect on

results; thus, he was left in the sample for those analyses.
4

Note that this does not necessarily mean that there is no variation throughout this entire period in either the crural or brachial index.

For example, there is evidence in both the Denver Euroamerican and Inupiat samples for a transient increase in intramembral indices

in mid-adolesence, apparently due to an earlier growth spurt of distal elements (see Ruff and Walker, 1993). However, there is no sys-

tematic directional change in the indices (except for that produced by including epiphyses in the lower limb) from 4-5 years to adult-

hood. There is also no change in the indices over the developmental period represented by the Pleistocene specimens (2-6 years). 
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chapter 26 | The Vertebral Column
❚ TRENTON W. HOLLIDAY ❚ 

Vertebrae, with their thin cortices and high cancellous bone component, are not often

preserved in the human fossil record, yet the vertebral column of the well-preserved Lagar

Velho 1 individual, in terms of preserved elements, is ca.73% complete, including elements

from the cervical through sacral portions of the column. Specifically, the portions of the ver-

tebral column that remain include the centra and neural arches of several vertebral elements,

especially the more caudal elements (lower thoracic, lumbar, and sacral regions). The more

cranial elements (cervical and upper thoracic regions) are less well represented, at least in part

due to their small size. At the Lagar Velho site, the entire thoracic skeleton (as well as lumber

vertebra 1, and the left scapula) was removed en bloc from the burial by Cidália Duarte, and in

the laboratory was slowly removed from the matrix by TWH. This was accomplished using a

syringe filled with acetone to gently dissolve away the surrounding soil. The lower lumbar ver-

tebrae (L2-L5) and the sacrum were cleaned by Erik Trinkaus using the same method. This

slow, methodical uncovering of the thoracic vertebrae was begun on the superior burial sur-

face, but later, the bloc was turned over, and the dorsal faces of the vertebrae were revealed by

gradually removing the deeper levels of sediments that had underlain them. During the

removal of matrix, it became apparent that much of the preserved vertebral column is crushed

to the extent that the individual elements could not be separated from each other without

causing extensive damage to the bones. This remains the case for most of the preserved tho-

racic elements, which while preserved in nearly anatomical position, nonetheless remain

attached to each other in two separate pieces. The first (smaller) more cranial piece includes

portions of thoracic vertebrae 5 and 6 (T5 and T6). The second, larger, more caudal, piece

includes a portion of T6, through a complete elemental sequence caudally to the first lumbar

vertebra (L1), the cranial surface of which remains adhered to the twelfth thoracic vertebra

(T12). Given the fragile nature of vertebrae (particularly in young specimens), there remains

a dearth of comparative data for Late Pleistocene juvenile skeletons; what follows is therefore

a detailed description of the more diagnostic vertebral elements of Lagar Velho 1. 

In the description, securely identified vertebrae are referred to by their vertebral num-

bers. Others are identified by their field excavation numbers (see Chapter 13).

Cervical Vertebrae

Lagar Velho 1 preserves a nearly complete atlas (C1) and most of the axis (C2), as well as

smaller, isolated pieces (including centra and neural arches) of other cervical vertebral elements. 

The Atlas (C1)

The atlas (C1) is missing only its anterior arch and most of its transverse processes

(Table 26-1; Fig. 26-1). Its left and right posterior arches had not yet fused dorsally, a process
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which normally begins during the fourth and fifth years of life (Scheuer and Black, 2000).

The left superior articular facet is slightly concave, with a subtle double facet, or “figure 8”

morphology. Perhaps the anteromedial one-third of the facet is missing. The corresponding

region of the right superior articular facet is not preserved, either. Their absence is likely due

to the fact that the line of neurocentral fusion passes through the ventral third of the supe-

rior articular facet, such that the anteromedial portion of each facet is formed on the anteri-

or arch segment. These synchondroses were apparently not yet fully ossified in Lagar Velho

1 (they are said to close in the sixth year at the earliest — Scheuer and Black, 2000), and the

anterior arch was not recovered. The right superior articular facet is also concave, with a

more readily apparent double facet morphology. The teardrop-shaped left inferior articular

facet is largely complete and anteroposteriorly concave; only a slight portion of its antero-

medial margin is eroded away. The right inferior articular facet is also largely complete.

Unlike the left, it has a somewhat unusual double facet morphology, more akin to that more

co mmonly seen in superior articular facets. 

Table 26-1
Measurements of Lagar Velho 1 cervical vertebrae 1 and 2 (atlas and axis).

C1 (Atlas) C2 (Axis)

Rt Lt Rt Lt

Canal Height (19.0) (16.4)

Canal Breadth 29.0 –

Superior Facet Length – (17.2) – (11,6)

Superior Facet Breadth 9.3 10.0 – (7,9)

Inferior Facet Length 15.0 (15.5) 7,8

Inferior Facet Breadth 7.9 (8.7) 7,1

Dens Height 8.4

Laterally, the superior margins of the pos-

terior arches are flat in posterior view, but

toward midline the left expands superiorly to

form the posterior tubercle. In superior view,

the groove for the vertebral artery is more pro-

nounced on the left side than on the right side.

The dorsal-most or “spinous” portions of the

posterior arches fit snuggly into each other; the

left side is convex in posterior view, the right

side concave. The left posterior arch is also

larger than the right, such that most of the pos-

terior tubercle is derived from it, and not its

counterpart on the right. The shape of the ver-

tebral foramen, while not preserved in its

entirety, appears to have been somewhat con-

stricted in a coronal plane along its ventral

aspect, forming what may be described as a

“mushroom” shape in superior view, with the

base of the “mushroom” anterior, and its head

posterior. This condition is more akin to that

seen in Late Pleistocene and Holocene Homo
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FIG. 26-1 – Cranial (above) and caudal (below) views of the

Lagar Velho 1 C1 (atlas). Anterior is up. Scale is in

centimeters.



than to the more circular, or “unrestricted” shape which may have been more frequent in

early Pleistocene Homo (Carretero et al., 1999). Upon close examination, the vertebral fora-

men of Lagar Velho 1 seems somewhat more constricted in inferior view, but more rounded

in superior view. However, it appears that the anterior portion of the vertebral foramen would

have become more transversely constricted, had the specimen survived to adulthood, once the

lateral masses had reached their adult size. Elements of the transverse processes are pre-

served; only the base of the posterior bar of the right transverse process remains, but a larger

portion (4.4 mm) of the posterior bar of the left transverse process is present. For this reason,

the presence of a transverse notch/foramen is more evident on the left than on the right.

The Axis (C2)

The axis (C2) is represented by three pieces, two of which (the dens and the left neural

arch pieces), while unfused, share a small area of contact (Table 26-1; Fig. 26-2). The first

piece is the developing dens or odontoid process; the second two are the left and right halves
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FIG. 26-2 – Cranial view of the Lagar Velho 1 C2 (axis). Anterior is up; scale is in centimeters.



of the neural arch. The centrum, which was not yet fused to the odontoid process, judging

from the billowing of the caudal surface of the latter, was not recovered; dentocentral fusion

normally takes place between the ages of 4 to 6 years (Scheuer and Black, 2000). The cau-

dal surface of the dens piece is beveled and evinces damage along its posterior margin,

where there is an area of trabecular bone exposed some 7.5 mm mediolaterally by 2.5 mm

anteroposteriorly. Its right anteroposterior margin is also missing. 

In anterior view, the inferior aspect of the dens piece is “vaulted” at midline. Also in

anterior view, the apex of the dens is “V”-shaped. The posterior aspect of the dens clearly

evinces a midline, or intradental sulcus. This feature is known to persist until at least 3 to 4

years of age, whereupon it begins to fill in from its caudal aspect upwards (Scheuer and

Black, 2000). This “filling in” of the intradental sulcus is said to be concomitant with the

development of the ossiculum terminale, a small ossicle that develops from the hyaline carti-

lage filling the apical cleft (Scheuer and Black, 2000). This ossicle, if present, was not recov-

ered. The left neural arch piece preserves most of the superior articular facet, a complete

inferior articular facet, and most of the left lamina (only a small portion of the posterior

tubercle is missing, and the neural canal is complete at midline). 

The posterior arch is thick (6.6 mm superoinferiorly, 4.1 mm anteroposteriorly), and

posteriorly it evinces a slight transverse concavity. It does not appear that the left and right

laminae had yet fused; these are said typically to fuse from around 3 to 4 years (Scheuer and

Black, 2000) to 4 to 6 years (Steele and Bramblett, 1988). The neural canal of C2 was rela-

tively circular in shape. The posterior bar of the transverse process is broken, yet its root is

present. Much of the contact area on the pedicle for the dens and centrum is missing,

including what appears to have been a relatively fresh break. However, it appears that the

dentoneural synchondrosis had not yet fused; this normally occurs around the ages of 3-4

years (Scheuer and Black, 2000). The ovoid left superior articular facet is slightly antero-

posteriorly convex. Its lateral border evinces minor damage, and a small portion of its antero-

medial margin is no longer present. The left inferior articular facet is more circular in shape

than the superior articular facet, and its surface is planar, although it does evince a slight fur-

row along its posterolateral edge. The right half of the neural arch includes a complete (cir-

cular) inferior articular facet and all but a small posterior portion of the lamina. It also pre-

serves the posterior and anterior roots of the right transverse process, defining the trans-

verse foramen.

C3 to C7

Smaller pieces of cervical vertebrae are preserved, yet none is readily identifiable as to

number. Measurements for these pieces are found in Tables 26-2 and 26-3. These elements

include piece L20.58a, representing the right lamina, partial right pedicle, superior and infe-

rior articular facets, and partial transverse process of an upper cervical vertebra. It is perhaps

C3, as there is no evidence for a smaller cervical vertebra. The superior articular facet is

somewhat circular in shape, albeit with a slight cranial peak. It is slightly mediolaterally con-

cave. The inferior articular facet is also circular in shape, but its articular surface is more pla-

nar. The pedicle is missing, save for its base. The root of the pedicle is transversely narrow-

er in cross-section than is the posterior bar of the transverse process, which is craniocaudally

short and mediolaterally broad. The dorsal surface of the lamina is furrowed, i.e., exhibits

much relief, due to the rugose attachments for the insertions of the rotatores cervicis longus
and brevis, while its internal (neural) surface is smooth.
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Table 26-2
Measurements of Lagar Velho 1 cervical vertebrae (C3-C7) — pieces L20.58a,
L20.62, L20.177b, and L20.63.

L20.58a (C3?) L20.62 L20.177b L20.63

Rt Lt Lt Lt

Superior Facet Height 8.1 6.4 (6.8) (7.2)

Superior Facet Breadth 7.1 (6.1) 5.7 –

Inferior Facet Height 7.8 9.5 – –

Inferior Facet Breadth 7.8 6.0 – –

Pedicle Height (3.4) 2.5 3.1 3.2

Pedicle Breadth (2.4) 4.0 4.0 4.4

Laminar Height 5.9 6.7 – –

Laminar Thickness 1.5 2.0 – –

Table 26-3
Measurements of Lagar Velho 1 cervical vertebrae (C3-C7) — pieces L21.19, L20.42,
L20.400d, L20.400c, L20.128b, and L20.55.

L21.19 L20.42 L20.400d L20.400c L20.128 L20.55

Rt Rt Rt Rt

Ventral Body Height – – – 6.1 (10.3) –

Median Body Height – – 2.7 – – –

Pedicle Height – – – – – 3.9

Pedicle Breadth – – – – – 3.6

Laminar Height 5.8 6.1 – – – –

Laminar Thickness 1.7 1.6 – – – –

Piece L20.62 presents the left superior and inferior articular facets, lamina, and partial left

pedicle of a cervical vertebra, likely C4 (Table 26-2). The superior articular facet is rounded, yet

slightly mediolaterally broader than superoinferiorly tall. It also evinces minor erosion along its

superomedial aspect. The facet’s articular surface is relatively convex, with a discrete caudal mar-

gin. There are two depressions near the articular facet that correspond to the insertions of the rota-
tores muscles. The first, more cranial depression is posterior to the facet on the superoproximal

lamina, and measures 5.0 mm superoinferiorly by 3.5 mm mediolaterally. The second depression

is inferior to the caudal margin of the facet, and measures ca.4.3 mm superoinferiorly by 4.8 mm

mediolaterally. Posterior to these depressions, the dorsal surface of the lamina is smooth. The

inferior articular facet is ovoid and planar; its articular surface is marked by discrete boundaries.

The root of the pedicle is preserved; however, none of the transverse process remains.

Piece L20.177b preserves the left pedicle, a small portion of the vertebral body, a left

superior articular facet that is circular in shape, and small portions of the left inferior artic-

ular facet (Table 26-2). The lamina is not preserved, and none of the recovered isolated lam-

inar pieces articulates with it. While it is uncertain from which specific cervical vertebra this

piece is derived, because of its thick pedicle (4.0 mm anteroposterior by 3.1 mm superoin-

ferior) it is likely from a vertebra more caudal than that represented by piece L20.62. 

Piece L20.63 represents the left pedicle, root of the posterior bar of the left transverse

process, and a small portion of the left superior and inferior articular facets (Table 26-2).

Approximately one-third of the superior facet’s anterolateral region is preserved. It is planar,

while the inferior articular facet is slightly concave. The transverse foramen is large, with an

oblique (anteromedial to posterolateral) diameter of 4.1 mm. This piece may be from the ver-
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tebra directly caudal to that represented by L20.177b. Also preserved is L21.19, a laminar

piece (10.1 mm in length, 5.8 mm in height, and 1.7 mm thick) preserving a small portion

of the right lamina from between the articular facets and the spinous process (Table 26-3).

It is slightly furrowed posteriorly and evinces relatively fresh breaks, as indicated by their

lighter color, on both its medial and lateral ends.

Piece L20.42 represents most of the right lamina, a small portion of the left lamina, and the

base of what appears to have been a small spinous process (Table 26-3). It is clear that the two

laminae were fused. This is expected, since the midline fusion of the posterior arch of the mid-

dle and lower cervical vertebrae typically occurs around age 2 (Scheuer and Black, 2000). The

external laminar surface exhibits much relief corresponding to the insertions of the rotatores mus-

cles, while the internal (neural) surface is smooth, with the exception of a small, shallow depres-

sion just anterior to the spinous process corresponding to the attachment for the ligamentum
flavum. Piece L20.129b presents the lateral half of the left articular processes and the root of the

posterior bar of the left transverse process of a cervical vertebra. The articular surface of the supe-

rior articular facet is slightly convex; the articular surface of the inferior facet is slightly concave.

Piece L20.400d presents most of the centrum of a cervical vertebra, likely from a more cra-

nial element (Table 26-3). The centrum itself is ovoid in shape in superior view. In anterior view

it is quite squat in appearance, due to its low body height (body height near its center is 4.3 mm).

While the centrum’s superior surface is furrowed, the inferior surface shows less relief, except

for a slight furrow running anteroposteriorly along its median plane. The lateral face of the body

is preserved on the right side, but the centrum’s anterior surface is eroded away, leaving cancel-

lous bone exposed. The centrum is best preserved along its right posterolateral aspect, where the

attachment for the pedicle is preserved. The attachment site for the pedicle is a small (3.4 mm

superoinferiorly by ca.4.6 mm mediolaterally), somewhat rectangular, slightly depressed and

furrowed area. The presence of this articular area indicates that neurocentral fusion in this ver-

tebra had not yet occurred, a phenomenon that in the lower cervical vertebrae (i.e., C3-C7) is

expected to transpire around age 3 to 4 years (Scheuer and Black, 2000). 

Piece L20.400c represents the anterior portion of a cervical vertebral body (Table 26-3).

Judging from its greater body height, it is from a more caudal cervical vertebra than that rep-

resented by L20.400d. Anteriorly, the inferior margin of the piece evinces two gentle curves

which rise up to meet each other at the median plane, where they converge to form a slight

ridge running superoinferiorly along midline. Portions of the articulation points for the two

pedicles (i.e., neurocentral junctions) are present, with the right more complete than the left.

Once again, the presence of these articular areas indicates that the neurocentral junctions had

not yet fused. Both articular areas are shallow depressions, apparently circular, and both evince

damage posteriorly (cortical bone is missing from the anterior margin of the left articular area,

as well). Approximately half of the dorsal portion of the centrum is no longer present. 

Piece L20.128b represents approximately the left anterior one-third of the centrum of a

lower cervical vertebra (Table 26-3). The centrum evinces a lateral rise for the uncinate

process and an inferiorly convex anteroinferior margin in anterior view (suggesting that it is

likely not C7). Its posterior aspect is missing, as is the entire right side. The portion of the

inferior face that is present is slightly concave anteroposteriorly. The cranial margin of the

body is mediolaterally concave. The anterior surface of the body evinces much relief. Piece

L20.55 may belong to the same vertebral element as L20.128b; it preserves the right pedicle,

a small portion of the body, and the inferior third of the right superior articular facet (Table

26-3). The superior articular facet is badly damaged on all sides. It appears that the pedicle

and its associated section of the posterior body were not yet fused to the centrum, yet due to

extensive damage to the piece this remains impossible to verify.
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FIG. 26-3 – Dorsal view (left) of a section of the Lagar Velho 1 partial vertebral column. The larger piece (below) includes L1

(bottom) as its caudal-most element, and sequentially continues cranially through T8 (top). The separate, smaller, piece

(above) in this view shows the neural arches of T7 (bottom) and T6 (top). Scale is in centimeters.

FIG. 26-4 – Right lateral view (right) of a section of the Lagar Velho 1 partial vertebral column. The larger piece (below) includes

an elemental sequence beginning caudally with L1 (bottom) and continuing cranially to the centrum of T7 (top). The second,

smaller piece (above) in this view shows the centra of T6 and T5 and the neural arches of T7 and T6 (each bottom to top).

Scale is in centimeters.



Thoracic Vertebrae

Lagar Velho 1 preserves the remains of at least ten thoracic vertebral elements, begin-

ning in series from the third thoracic vertebra (T3) to the twelfth thoracic vertebra (T12)

(Figs. 26-3 to 26-5). It remains possible, however, that some of the smaller, isolated neural

arch pieces come from more cranial thoracic elements. The third through fifth thoracic ver-

tebrae preserve isolated neural arch and articular elements. More caudally, a piece repre-

senting the partial centra of T5 and T6, as well as the neural arches of T6 and T7 is present.

The greatest number of thoracic vertebrae are, however, found on a single piece preserving

the articulated centra and neural arches of T7 through L1. 
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FIG. 26-5 – Close-up posterior view of the Lagar Velho 1 partial thoracic vertebral column’s

largest piece, including an elemental sequence beginning caudally with T12 (bottom), and

continuing cranially to T8 (top). Scale is in centimeters.



T3

The third thoracic vertebra (T3) is represented by a partial neural arch; the body was not

recovered (Table 26-4). Specifically, T3 preserves the left superior and inferior articular

facets, partial left pedicle and transverse process, virtually complete left lamina, and partial

right lamina. The laminae themselves exhibit posterior arch fusion — not surprising since

the posterior synchondroses of the thoracic vertebrae are among the first to ossify, begin-

ning in the lower thoracic vertebrae during the latter part of the first year postnatal (Scheuer

and Black, 2000). The spinous process was not preserved. While largely incomplete, T3 was

easily assigned to number because of its relative position in the excavated thorax. The supe-

rior articular facet is broad and flat, with a sliver-like piece missing from its medial margin.

The facet is quite cranial in position to the laminae. Anterior to the facet is a gentle anteroin-

ferior slope onto the pedicle. The laminae are anteroposteriorly quite thick (3.2 mm). In pos-

terior view, the cranial junction of the two laminae forms a gentle “U” shape. Both the exter-

nal and internal surfaces of the laminae lack relief; i.e., they are relatively smooth. Only the

root of the left transverse process remains, and it is more complete inferiorly than superior-

ly. There is a superoinferior crack through the left inferior articular process; the right infe-

rior articular process is not preserved.

Table 26-4.
Measurements of Lagar Velho 1 third through seventh thoracic vertebrae (T3-T7).

T3 T4 T5 T6 T7

Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt

Superior Interfacet Distance – – 17.2 – –

Inferior Interfacet Distance – 14.8 – – –

Inferior Max. Transverse – 21.0 – – –

Ventral Body Height – – – (8.1) –

Median Body Height – – – – – – – – (6.8) –

Cranial Body AP Diameter – – – (12.5) –

Cranial Body ML Diameter – – – (23.3) –

Superior Facet Height – 5.0 – 6.2 5.9 (6.0) – – – 5.2

Superior Facet Breadth – (4.9) (5.0) 5.2 (5.0) 5.9 – (5.4) – –

Inferior Facet Height – – – 7.1 – – – – – –

Inferior Facet Breadth – – – 6.1 – 5.8 – – – –

Pedicle Height – (5.8) 5.5 5.5 – 5.8 – 5.9 – 5.9

Pedicle Breadth – 2.9 2.9 2.7 – 2.9 – 3.2 – 4.2

Laminar Height – 8.1 – – – – – – – –

Laminar Thickness – 3.2 (3.0) (2.5) – – – – – –

Transverse Process Root Height – (5.2) – 6.4 – (6.5) – 6.2 – 5.6

Transverse Process Root Breadth – (5.0) – 4.7 – 4.5 – 6.7 – 5.0

T4

The fourth thoracic vertebra (T4), like the third, is represented by two large pieces that

together form a partial neural arch (Table 26-4). There is also a third piece: a small (7.2 mm x

2.7 mm) sliver of bone; however, this piece cannot be articulated with the other preserved por-

tions of the vertebra. As was done for T3, the pieces’ assignment to T4 was determined through

their relative position in the thorax during excavation. The largest piece preserves both left artic-

ular facets, the root of the left transverse process, most of the left pedicle, a virtually complete
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left lamina and a partial right lamina (including a partial right inferior articular facet). The sec-

ond piece presents a partial right superior articular process and partial right pedicle. In mor-

phology, T4 is similar to T3, and like T3, its spinous process is missing postmortem. Much of

the cortical bone in the area surrounding the root of the spinous process is missing, as is the

cortical bone of about one-fourth of the inferolateral dorsal margin of the right lamina. 

The left superior articular facet is ovoid in shape and is obliquely oriented, such that its

long axis runs in a superolateral to inferomedial direction. Its articular surface is flat, and

there is a gentle, “U”-shaped slope between it and the right superior articular facet. The right

superior articular facet is bisected by a transverse crack separating the two preserved pieces

of T4. On the second, smaller (right) piece, the facet evinces a rounded superior margin, and

like the left, its articular surface is planar. Also on the smaller (right) piece, much of the artic-

ular surface is preserved. However, on the larger (left) piece, most of the right superior artic-

ular facet’s articular surface is missing, exposing cancellous bone, except for a small strip of

cortical bone along its medial margin. The left inferior articular facet is ovoid in shape, with

a pointed caudal margin and a more rounded cranial margin. Its boundaries are discrete, but

on its medial aspect there is a small ovoid postmortem depression ca.2.2 mm superoinferi-

or and 0.8 mm mediolateral. The right inferior articular facet is missing its inferolateral one-

third to one-half. Its medial and lateral margins are also discrete. Under macroscopic exam-

ination, the superior margin of the facet appears to blend gradually into the laminar surface.

However, under the microscope, it is apparent that the cranial margin of the right inferior

articular facet is sharp and discrete; its boundary is merely masked by adhesions of matrix. 

As with T3, the laminae themselves exhibit posterior arch fusion, and they are also thick

in internal-external dimension, although this is difficult to measure due to missing cortical

bone on the dorsal aspect of the neural arch. The left transverse process, while represented

solely by its root, appears to have been horizontal in orientation (i.e., low inclination). It is

also posteriorly oriented, although neither of these angles can be measured with any accu-

racy. Both pedicles are preserved, and both evince a similar morphology in that they are

superoinferiorly expanded and relatively narrow mediolaterally. The two pedicles differ in

that in lateral view, the anteroinferior slope from the apex of the superior articular facet is

steeper on the right than the left. The right pedicle also evinces an AP crack on its medial

surface. In superior view both pedicles appear to have been inclined somewhat toward the

midline (i.e., their long axes are anteromedial to posterolateral). Given this orientation, the

neural canal would have been relatively round in cross-section.

T5

Thoracic vertebra 5 (T5) is represented by both its centrum and its neural arch (separate

pieces), both of which have sustained significant damage (Table 26-4). The heavily damaged

neural arch was posteriorly fused (as indicated by its preserved cranial margin), and it pre-

serves the superior articular facets, most of the left pedicle, the root of the left transverse

process and the superior portion of the left inferior articular process. The left pedicle is super-

oinferiorly tall and mediolaterally narrow, and it evinces a gentle slope from the superior artic-

ular facet anteroinferiorly to the region of the neurocentral junction. The root of the left trans-

verse process would seem to be indicative of a somewhat posterior inclination for the process.

Much of the dorsal margin of the neural arch is composed entirely of matrix; i.e., the external

shell of cortical bone is missing. Preserved cortical bone is evident along the superior margin

at the junction of the two laminae and continuing onto the cranial margin of the right lami-
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na (albeit with a crack just inferior to the right superior articular facet). There is a second area

of cortical bone preserved along the lateral margin of the right lamina. Both superior articu-

lar facets evince rounded cranial margins and planar articular surfaces, with a deep “U” shape

between them. In overall size, the left superior articular facet is larger than the right. In par-

ticular, the ovoid left superior articular facet has a greater transverse diameter than its coun-

terpart on the right. Its inferior margin remains obscured by matrix. The long axis of the left

superior articular facet runs in a superolateral to inferomedial direction. The long axis of the

right superior articular facet is more vertical in orientation; its articular surface faces more lat-

erally than the left, and its relative position appears more posterior than that of the left,

although this last feature is most likely due to postmortem distortion.

The centrum of T5 is largely complete, but it remains crushed caudally into the cen-

trum of T6, and dorsally onto the neural arch of T6. In addition, a small (11.9 mm medio-

lateral x 4.6 mm superoinferior) portion of the left inferolateral margin of the centrum of T5

remains attached to the left sixth rib. The superior surface of the T5 centrum faces antero-

laterally (left), and it is caudally deviated from its neural arch piece. The T5 body is crushed

to the extent that along some aspects of the centrum, it is difficult to discern where T5 ends

and T6 begins. A small portion of the superior lip of the centrum is apparent on along its

anterior margin, as is a small fraction of its inferior lip. Despite some distortion, the cen-

trum does retain some of its cylindrical shape, from which it is apparent that its body height

was relatively short, while its transverse, or mediolateral, maximum dimension would have

been roughly twice its midsagittal, or maximum, anteroposterior dimension.

T6

Thoracic vertebra 6 (T6) is represented by a badly crushed centrum and damaged par-

tial neural arch (Table 26-4). In fact, the T6 centrum, along with that of T7, is one of the

most damaged of any of the preserved Lagar Velho 1 vertebrae. As a result, few features of

this portion of the vertebra are discernable. The T6 centrum consists of three pieces of

matrix-filled trabecular bone: the first is crushed into the caudal aspect of the T5 centrum,

the second into the cranial margin of the T7 centrum, and the third piece, measuring 12.9

mm superoinferior by 13.2 mm mediolateral, is attached to the left sixth rib. On the right

side of the piece adhered to T5 and the portion that remains attached to T7, much of the cen-

trum has been eroded away. Much of its left lateral margin remains attached to the left sixth

rib, including a piece of cortical bone measuring 5.4 mm along its long axis (inferomedial to

superolateral) and 2.8 mm along its short axis (superomedial to inferolateral). The preserved

neural arch of T6 includes two badly damaged (but apparently fused) laminae, a damaged

left superior articular facet, and left pedicle. A small portion of cortical bone from the infe-

rior surface of the right pedicle remains; more anterior portions of the right pedicle, if pre-

sent, are buried in matrix. The lateral margin of the left superior articular facet is missing,

and much of the posterior face of its articular surface is matrix; however, one can discern

that it had a planar articular surface and a rounded cranial margin. The lateral margin of the

left lamina is also missing, as is the root of the left transverse process. The left pedicle is rel-

atively tall and narrow. The neural canal apparently was wide in the coronal plane, and thus

ovoid in superior view. Much of the posterior surface of the left lamina is gone. The right

lamina’s posterior face is more complete, but it is broken into many small pieces that are

now held together by a mixture of acetone and cement. The right superior articular facet is

not preserved, nor is the spinous process.
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T7

Thoracic vertebra 7 (T7) is represented by a heavily damaged centrum and small por-

tions of a heavily damaged neural arch (Table 26-4). Part of its body remains adhered to

the body of T6, a small portion of it remains attached to the left sixth rib, but most of it

remains crushed into the cranial margin of the T8 centrum on the large thoracic/lumbar

piece that includes elements from T6 to L1. There are only two pieces of the T7 centrum

that are clearly discernable. First, on the large column piece, the right anterolateral wall

of the centrum is apparent. The body has been pushed downward such that the cranial

surface of the centrum faces anterolaterally, or, more correctly, would face anterolateral-

ly, were it not destroyed. While neither the superior nor inferior lip of the centrum is pre-

served, the measurement of the right lateral face may approximate median body height:

(6.8 mm). The second piece is a small section of cortical bone that remains attached to

the left sixth rib, which evinces a slight lip corresponding to the cranial (superior) lip of

the T7 centrum. 

With regard to the neural arch of T7, only fragments of its laminae remain within the

small piece that includes the centrum and neural arch of T6. In posterior view, most of

T7 that is exposed is trabecular bone. The largest section of cortical bone is a section of

the right lamina measuring ca.11.8 mm in height, and ranging in breadth from 7.7 mm

at its caudal margin to 12.1 mm at its cranial margin. Just medial to this area of cortical

bone is an exposed oblique line of trabecular bone with its long axis running superome-

dially (on the left) to inferolaterally (on the right) measuring 15.2 mm along its long axis,

and 6.9 mm at a 90° angle to the long axis. To the left of this region is an area of undif-

ferentiated matrix, with a circular (6.2 mm superoinferior x 6.7 mm mediolateral) hole

representing the root of the left pedicle. There is a left pedicle, partial transverse process

and superior/inferior articular process piece that fits into this hole, and is therefore

assigned to T7. The pedicle is relatively robustly built, somewhat tall, but also wide, and

ovoid in cross-section. The preserved left superior articular facet is circular in shape and

has a planar articular surface. The facet is missing perhaps one-fifth of its medial margin.

The base, or root, of the transverse process is large and circular in cross-section. The base

also indicates that the transverse process was horizontally and laterally oriented. The left

inferior articular facet, evincing damage along its inferior and medial margins, is larger

than the superior facet. Its articular surface is planar, and about one-fourth of its medial

margin is missing. The facet’s size cannot be measured accurately, since both its inferior

and medial margins are missing, but it was at least 7.0 mm in height, and 5.7 mm in

width. 

The last piece that is likely to belong to T7 (although it cannot be articulated with the

other T7 pieces) is an isolated right superior articular facet and partial pedicle. This piece

does not belong to T6, since it includes the caudal margin of the pedicle, also preserved

on the T6 neural arch. The facet and pedicle are similar in both size and shape to that of

the left T7 superior articular facet. The facet’s surface is flat, and its process evinces a gen-

tle, superiorly concave cranial margin running anteroinferiorly onto the pedicle. In pos-

terior view the facet appears more rounded on its lateral side, but its medial edge has been

sheared off. Posteroinferiorly, likely just inferior to the articular surface, cortical bone is

missing, exposing trabeculae within the pedicle. There is also matrix adhered to the prox-

imal-most portion of the pedicle, especially along its medial side. Within the proximal

pedicle, too, in anterior view, trabecular bone is visible. 
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T8

Thoracic vertebra 8 (T8) is the first vertebra to lie entirely within the long columnar

piece (Table 26-5). It is represented by a crushed and inferolaterally (left) deviated centrum

and laminae, with the superior articular facets, roots of the spinous process and transverse

processes preserved. The body of T8, like the body of T7 above it, is deviated such that its

anterior margin faces inferiorly to the left. While it remains crushed into T7 above and to a

lesser extent T9 below, anteriorly, one can discern both the superior and inferior lips of the

centrum, especially on its left side. The centrum is superoinferiorly short and transversely

wide in shape, perhaps wider than T7, although the centrum of T7 is so badly damaged as

to make such a supposition suspect. The body has also been pushed posteriorly into the lam-

inae (which were fused), so there is little one can say about the shape of the neural canal.

However, it appears to have been somewhat more triangular in shape (i.e., evinced a more

“peaked” posterior canal) than were those of the more cranial vertebral elements. On the

neural arch itself, there is a superoinferior crack through the left lamina that runs from its

inferior margin up through the medial, inferior corner of the left superior articular facet.

There is also a deep “U” shape between the two superior articular facets. The posterior sur-

faces of the laminae are smooth and featureless, with trivial damage along the right infero-

lateral margin. The borders of the flat articular surfaces of the two oval-shaped superior artic-

ular facets are discrete, and the left is transversely wider and superoinferiorly shorter than

the right. Both superior articular facets face posteriorly, and both have superolateral to infer-

omedial long axes. The base of the spinous process indicates that it was inferiorly oriented,

while the roots of the transverse processes (both of which have inferior damage) suggest that

they were somewhat posteriorly oriented.

Table 26-5
Measurements of Lagar Velho 1 eighth through twelfth thoracic vertebrae (T8-T12).

T8 T9 T10 T11 T12

Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt

Superior Interfacet Distance 18.2 – – – 19.5

Superior Max. Transverse 23.6 – – – (23.8)

Inferior Max. Transverse – – (22.3) – (20.6)

Ventral Body Height (8.8) – – – (8.8)

Median Body Height – 9.0 – – – – – – (7.7) (8.0)

Cranial Body AP Diameter – (14.7) – – –

Superior Facet Height 6.7 6.0 – 5.1 – – – – (6.2) (6.9)

Superior Facet Breadth 5.6 6.2 – 5.8 – – – – (4.4) (5.0)

Pedicle Height – – – – – – – 5.1 (8.5) (9.4)

Pedicle Breadth – – – – – – – 5.0 – (3.8)

Laminar Height – – – – (11.9) 11.6 – – – –

Transverse Process Root Height – – 6.0 6.2 – 4.1 – – – –

Transverse Process Root Breadth – – (7.2) (7.8) 4.4 – (4.9) – – –

T9

Thoracic vertebra 9 (T9) is represented by a damaged centrum, two laminae, the left

pedicle, superior articular facets, and transverse processes (Table 26-5). The only readily

identifiable portion of the body of T9 is its badly eroded cranial surface. What is apparent
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from this surface is that the centrum of T9 is displaced in position relative to the rest of the

vertebral column such that its cranial surface is facing anteriorly and laterally to the left.

The shape of the body is somewhat difficult to assess, given that it is badly eroded along its

cranial and lateral margins. However, examination of the cranial surface of the body sug-

gests that it was relatively round in shape, without the more ventral expansion of the body

more typically seen in the adult T9. Ventral body height cannot be assessed because the

caudal margin of the centrum fades into matrix. In terms of its neural arch, in posterior

view, T9 preserves two laminae that are separated from each other postmortem by a large

superoinferior crack located along midline. The crack splits apart the roots of the spinous

process as well. The posterior laminar surface is relatively smooth and featureless. The cra-

nial margin of the right lamina remains hidden in matrix, and there is trivial damage to its

caudal surface. The left lamina’s cranial surface is damaged by the above-mentioned crack.

Due to the inferior displacement of the centrum, the neural arch is no longer in articula-

tion with the body. 

Of the pedicles, only the left is visible, as the right remains buried in matrix. The left

pedicle evinces a shallow depression laterally that likely corresponds to the articulation with

the head of the ninth rib. Much of its cranial surface remains hidden within matrix.

However, that portion of the left pedicle that emerges from the matrix evinces only a slight

superoposterior slope onto the crest of the superior articular facet, such that in lateral view

the superior articular facet does not cranially deviate far above the transverse plane of the

pedicle. 

As with the pedicles, of the two superior articular facets, only the left is visible (the

right is hidden beneath the inferior articular facet of T8). This planar facet is ovoid in

shape, with a superolateral to inferomedial long axis. Its articular surface appears to face

posteriorly and slightly laterally. While the borders of its articular surface are discrete, the

facet has trivial damage to its superomedial margin. Both transverse processes are present;

however, as with the more cranial vertebrae, both of their distal ends have been broken off.

Despite the fact that the proximal portion of the right transverse process disappears into

matrix, more of it is preserved than the left, which evinces significant damage (with

exposed trabecular bone) on its more anterior aspect. Both processes are posteriorly and

slightly superiorly inclined.

T10

Thoracic vertebra 10 (T10) is represented by a badly eroded centrum and damaged pos-

terior neural arch (Table 26-5). The centrum’s cranial surface evinces extensive erosion, and

its right lateral margin has been eaten away. The left anterolateral face remains, but it, too,

is so eroded that in lateral view it has a rounded shape, rather than being more “squared off”

at its cranial and caudal lips. As a result of this damage, ventral body height cannot be mea-

sured. Within the columnar piece, the centrum is displaced caudally and to the left, although

it is not as extreme in its displacement as was the centrum of T9. As with the other verte-

brae preserving centra, the T10 centrum is displaced posteriorly into the neural arch. In pos-

terior view the two smooth, featureless laminae are separated by a superoinferior break at

the median plane. This break has also exposed trabecular bone within what was the root of

the spinous process. The right lamina also evinces damage to its inferior margin for most of

its course, except for the lateral-most 6.5 mm. The cranial margin at the junction of the two

laminae appears more “V”-shaped than “U”-shaped. Only the left superior articular process
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is visible, and it fades into matrix and is missing the region around its superolateral margin.

Thus, the morphology of the superior articular facets cannot be assessed. The bases of both

transverse processes are present; both point in a posterolateral and somewhat cranial direc-

tion. The processes are smaller in cross-section than were the transverse processes of T9.

Neither pedicle is free from matrix, although a small portion of the right pedicle may be vis-

ible just anterior to the root of the transverse process.

T11

Thoracic vertebra 11 is also represented by a heavily damaged body and partial neural

arch (Table 26-5). As with the more cranial elements preserved on the long columnar piece

(T7 through T10), the body of T11 is deviated inferiorly, such that its cranial surface faces

anteriorly and to the left. There is heavy damage to the centrum, as only its inferior margin

is clearly visible — much of its superior surface is eroded and/or fades into the surrounding

matrix. Therefore, ventral body height cannot be assessed. In posterior view, there is a super-

oinferior crack running through the right lamina up through the superior articular process

(the facet itself is not visible — it disappears behind matrix). This crack is in fact a continu-

ation of the same fault seen on the laminae of T8, T9, and T10. On T11 it is more lateral than

on T9 and T10, where it was in the median plane. Medial to the crack, the caudal margin of

the lamina is eroded away. Lateral to the crack, the inferior margin of the lamina remains,

as does the root of the right transverse process. However, the portion of the neural arch to

the right of the fault has been displaced somewhat inferolaterally. The root of the spinous

process is also present, although, as with all the other vertebrae in the large column piece

(except T9), its trabecular bone is clearly visible (in T9 no bone remains in the area sur-

rounding the spinous process root). The left lamina is complete, but evinces a small break

along its lateral margin. 

The posterior synchondrosis is fused. This is expected, since ossification of the poste-

rior synchondroses in lower thoracic vertebrae is expected to commence in the first year

postnatal (Scheuer and Black, 2000). The cranial margin of the junction of the two laminae,

like T10 before, appears more “V”-shaped than “U”-shaped. The base of the left transverse

process is present, but it remains covered in matrix, making it impossible to measure.

Within matrix and the centrum of T10, a small portion of the right pedicle is apparent. Also

emerging from the matrix on the left is the superior articular facet. It cannot be measured

due to a hole in the facet’s cortical bone that has destroyed its inferior and medial margins,

and there is a line of matrix that bisects its articular surface. The facet is transversely narrow

and evinces a gently rounded superior margin. The articular surface of the facet is slightly

mediolaterally convex, and there is a relatively steep anteroinferior slope from its apex onto

the superior margin of the left pedicle. Located just inferiorly to the left pedicle is a small

piece of the proximal end of the left eleventh rib.

T12

The twelfth thoracic vertebra (T12) is relatively complete, although, as with most of the

thoracic vertebrae, its centrum is dorsally displaced into the neural arch and the centrum’s

caudal surface remains adhered to the body of the first lumbar vertebra (L1) (Table 26-5).

However, T12 is more or less in anatomical position, more so than any of the more cranial
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vertebrae thus far discussed. In terms of its neural arch, T12 preserves both pedicles, fused

laminae, and all articular processes. The root of the spinous process is represented by a

broad base filled with exposed cancellous bone. The transverse processes are missing; only

holes with exposed trabeculae remain at their bases. 

As in most humans, T12 is the “transitional” vertebra with regard to the orientation of

the articular facets; i.e., its superior articular facets are oriented in a paracoronal plane, while

its inferior facets are oriented in a parasagittal plane. The superior articular facets evince a pla-

nar articular surface, and the right is smaller than the left. This is difficult to measure, how-

ever, because the left facet’s superior margin fades into matrix, and the right facet’s face

remains coated with a thin layer of matrix, making its inferior articular margin indiscernible.

The right superior articular facet has also sustained trivial damage along its superior margin,

while the left superior articular facet has sustained minor damage along its medial margin.

In posterior view, there is a gentle, broad “U” shape between the two superior articular

processes inferomedially to the cranial margins of the laminae. In lateral view, the right supe-

rior articular process appears to have a less steep anteroinferior “slope” onto the pedicle than

the left one due to the larger size of the left facet. The left pedicle is separated from the cen-

trum; it lies laterally to it. While neither can be accurately measured, the laminae of T12 are

superoinferiorly expanded — much taller than the laminae of T11 — and mediolaterally nar-

row. The T12 centrum is mediolaterally broad and superoinferiorly short. Much of its cranial

surface is visible due to the displacement of the T11 centrum. On its cranial surface, only a

small (3.8 mm mediolateral x 3.8 mm anteroposterior) piece of cortical bone remains; the rest

of the cranial surface has sustained damage such that trabecular bone is exposed. Much of the

anterior face, however, retains its cortical bone. In anterior view, there is a superoinferior fault

running ca.4.0 mm to the left of midline. The body has its greatest height just to the left of

this fault. The lateral sides of the body fade into matrix. None of the centrum’s inferior sur-

face is visible, due to the fact that it lies directly atop the body of L1.

Lumbar Vertebrae

All five lumbar vertebral elements are preserved in the Lagar Velho 1 skeleton. The first

lumbar vertebra (L1) remains adhered to the caudal surface of T12 (Figs. 26-3 and 26-4); all

other lumbar elements are preserved as separate neural arch/articular and central pieces

(Fig. 26-6). Each element preserves at least some of its centrum, and all preserve most of

their neural arches.

L1

The first lumbar vertebra (L1) is the caudal-most element present in the large columnar

piece (Table 26-6). It is represented by a centrum that has been dorsally displaced into the

neural arch, such that, in inferior view, one can see that the right pedicle is surrounded by

centrum. On the left side, it appears that the centrum is wedged just medial to the pedicle

(the left pedicle’s external surface retains some matrix, some of which could be bone from

the centrum, however). In posterior view, two complete and posteriorly fused laminae are

evident, as well as two inferior articular facets and the root of the spinous process. Likewise,

the roots of the transverse processes are preserved. It is likely that the superior articular

processes are also present, yet remain hidden beneath the inferior articular processes of T12.
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Table 26-6
Measurements of Lagar Velho 1 first through third lumbar vertebrae (L1-L3).

L1 L2 L3

Rt Lt Rt Lt Rt Lt

Canal Breadth (17.6) 17.9 18.2

Superior Interfacet Distance – 19.7 21.8

Inferior Interfacet Distance 18.9 20.6 23.0

Inferior Max. Transverse (20.6) 23.0 27.2

Ventral Body Height (10.5) – –

Median Body Height – (9.9) – – – –

Superior Facet Height – – 7.2 7.8 8.7 8.4

Superior Facet Breadth – – – (6.2) 6.5 (6.9)

Inferior Facet Height – – (7.7) 8.3 7.0 7.2

Inferior Facet Breadth 5.4 4.6 5.5 5.9 5.9 5.1

Pedicle Height – – 7.3 7.8 6.8 6.8

Pedicle Breadth – – 4.4 4.2 4.9 5.2

Laminar Height – – 12.6 12.4 11.0 9.7

Laminar Thickness – – 3.2 3.2 3.6 3.4

Transverse Process Root Height – – – – – 5.8

The centrum of L1 is relatively well pre-

served, and it is more or less in anatomical

position, although its left side is somewhat

more caudal in position than its right. Its

superior margin is hidden by the inferior

margin of T12. Its inferior surface is visible;

recall that the right pedicle had invaded it. It

preserves cortical bone on the anterior half

of its body. Cancellous bone is visible along

its posterior half, except for the region

immediately ventral to the neural arch —

here there is matrix present, most likely dirt

filling the remnants of the neural canal.

There are two circular pits, each ca.4.0 mm

in diameter, visible on the posterior inferior

surface of the centrum. The first is just

anteromedial to the right pedicle; the second

is anterior to midline; both are evidence of

postmortem damage to the specimen. There

are other, smaller areas of exposed trabecu-

lar bone more anterior to these — one is

along the right anterior margin just to the

right of midline. Cancellous bone is also vis-

ible in anterior view, where one can see that

most of the right side of the body’s anterior

face is eroded away, exposing trabeculae.

The left side of the body’s anterior face is in

fairly good condition, with minor erosion of

the left inferior margin, and some crushing
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FIG. 26-6 – Dorsal view of the Lagar Velho 1 neural arches of

the four caudal-most lumbar vertebrae, beginning in

sequence cranially with L2 (top) and continuing caudally

through L5 (bottom). Only the right portion of the L4

neural arch is shown. Scale is in centimeters.



of the superior margin into the anteroinferior edge of T12. The left side of the body disap-

pears into the medial side of the left pedicle.

In terms of the neural canal, it appears to have been relatively large and pentagonal in

its cross-sectional shape (although one cannot rule out the possibility that the orientation of

the pedicles has been altered postmortem). In posterior view the root of the spinous process,

with its exposed trabecular bone, is tall (superoinferiorly) and narrow (mediolaterally), and

the inferior articular processes are also superoinferiorly extended. Posteriorly, the margin

between the left inferior articular process and the root of the left transverse process is more

curved than the equivalent junction on the right, which evinces more of a “squared-off” mor-

phology. In other words, in posterior view, as the left inferior articular process rises up to

meet the superior articular facet and transverse process, its lateral margin is medially con-

cave, whereas the right side evinces a relatively straight superoinferiorly-oriented margin.

The morphology of the superior articular processes is difficult to discern, as both are covered

by the inferior articular processes of T12. In lateral view, the superior margin of the right

pedicle is visible as it disappears into matrix; one cannot discern the pedicle’s inferior mar-

gin, as it remains embedded in matrix. The slope made from the right superior articular

facet anteroinferiorly onto the cranial margin of the right pedicle is a gentle one, but the pos-

terolateral portion of the right pedicle has suffered damage, such that trabecular bone is

exposed. The inferior articular facets face anterolaterally. Both are slightly anteroposteriorly

convex, and ovoid in shape. The right is larger than the left. Both evince damage to their infe-

rior and posterior margins, where trabecular bone is exposed. 

L2

Lumbar vertebra 2 (L2) is the first vertebra in the series since T4 that is not attached

to any other vertebral element (Table 26-6). It is represented by a neural arch that is essen-

tially complete and several small pieces of its centrum. The neural arch preserves the pedi-

cles, with the right one more complete than the left one, the laminae (as with L1, fused pos-

teriorly — fusion commences in the lower thoracic and upper lumbar vertebrae during the

first year postnatal: Scheuer and Black, 2000), and all of the articular facets. The transverse

processes are missing, and only the base of the spinous process (with exposed trabecular

bone) remains. In posterior view, on either side of the root of the spinous process, the lam-

inae evince rounded depressions for the insertions of rotatores lumborum muscles. In lat-

eral view, the base of the spinous process evinces a cranially convex, caudally concave,

hook-like appearance. In posterior view the spinous process deviates slightly to the right.

Also in posterior view, there is a broad, gentle “U” shape to the cranial laminar margin

between the two superior articular processes. There is, too, in posterior view a slight

depression running along the medial side of each superior articular process. The superior

articular processes themselves possess posterior extensions, forming a base for the future

mamillary processes. The left is more complete than the right, having only a small (ca.2.0

mm x 2.0 mm) area of exposed trabecular bone on its posteroinferior aspect. The right

superior articular facet has a much larger (6.0 mm superoinferior x 3.5 mm anteroposteri-

or) area of exposed trabecular bone along its posterolateral margin. However, the right

superior articular facet appears to have been larger than the left, at least with regard to its

non-articular portion. Neither of the superior articular facets has an articular area with a

discrete boundary. Both articular surfaces face posteromedially, and both facets are antero-

posteriorly concave. 
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The inferior articular facets, on the other hand, are slightly convex and teardrop shaped,

with the left possessing a broader base than the right. Both have sustained damage to their

inferior margins such that trabecular bone is visible. There is a fresh break on the lateral

margin of the left inferior articular process such that a rectangular area of cortical bone

ca.6.6 mm superoinferior x 1.7 mm mediolateral has been removed. The internal surfaces

of the laminae evince some relief in that two depressions are evident, each medial to the

inferior articular facet. The laminae themselves are superoinferiorly tall and thick in their

external-internal dimensions. In superior view, the neural canal has a pentagonal shape with

its peak at its dorsal-most point, and the junction of the two laminae evinces a mediolater-

ally broad triangular region just superoanterior to the spinous process. The L2 centrum is

represented by several small pieces, the largest of which is the most interesting. This piece

is 19.2 mm long x 9.7 mm high, and presents one symphyseal surface, likely its cranial one.

It also preserves some of the cortical bone from its lateral walls. Its height of 9.7 mm is

almost certainly less than its ventral body height, since its “inferior” surface lacks cortical

bone. 

L3

The third lumbar vertebra (L3) is represented by most of its neural arch and several

small pieces of its centrum (Table 26-6). Its laminae are fused to each other to form the root

of the spinous process. Only the base of the superoinferiorly tall and mediolaterally thin

spinous process is preserved, but it appears to have been somewhat more inferior in its incli-

nation than might be expected for a third lumbar vertebra. Just cranial to the base of the

spinous process, at the junction of the two laminae, is a small depression akin to a triangle

some 4.0 mm at its base, with the top of the spinous process as its apex. The ridges that form

the “sides” of the triangle run superolaterally to form the medial margins of the superior

articular processes. Also evident in posterior view are two depressions, lateral to these

ridges, which run from the medial face of each superior articular process onto the laminae.

The right lamina appears mediolaterally wider than the left, and its inferior margin is more

horizontal compared to the more steeply angled (peak at midline) left. Both laminae have

curved lateral margins in posterior view, but that on the right appears to be more superior

and has a smaller radius of curvature than that on the left. Also in posterior view, the supe-

rior margin at the laminar junction forms a broad “U” shape, with the left superior articu-

lar facet exhibiting a more superior orientation than the right. 

Both superior articular surfaces face posteromedially, and both evince an anteroposte-

rior concavity. The nonarticular portion of the right superior articular facet appears larger

than that of the left; neither facet’s articular surface bears a discrete margin. The inferior

articular processes are teardrop shaped, with the right larger than the left. As with L2, there

is relief on the internal surface of the arch, with a depression separating the inferior articu-

lar processes from the neural arch proper. The boundaries of the inferior articular facets are

discrete, much more so than those of the superior articular facets. However, their inferior

margins are damaged such that trabeculae are visible. The inferior bases of both transverse

processes remain, and the left preserves some of its superior margin, as well. Both appear

to have been horizontal in inclination, and the holes at their roots suggest an ovoid shape,

anteroposteriorly broader than superoinferiorly tall. 

Both pedicles are present, although the right one is glued to its lamina due to a fresh

break. In terms of their preservation, more of the body is found attached to the right pedicle
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than to the left. Both pedicles are relatively square in cross-section, with the left somewhat

transversely thicker than the right. In superior view, the neural canal appears mediolateral-

ly broad and seemingly less anteroposteriorly deep than that of the first two lumbar verte-

brae. There are seven small pieces of the L3 centrum preserved, all of which have at least

some cortical bone remaining on them. The largest piece measures 13.8 mm mediolaterally

x 10.6 mm superoinferiorly, while the smallest piece measures 7.2 mm x 6.0 mm (orienta-

tion unknown). Two of the pieces have beveled sides reflective of either the superior or infe-

rior surface, and a non-beveled side reflecting the centrum’s lateral, anterior, or posterior

faces. Two pieces preserve both a superior and inferior surface, and each yields a height of

10.6 mm — this therefore approximates the body height of L3.

L4

The fourth lumbar vertebra (L4) is represented by two incompletely fused halves of the

neural arch and a large, but damaged, piece of its centrum (Table 26-7). The fact that the two

laminae are not completely fused is not unexpected — the posterior synchondroses of the

lower lumbar vertebrae may not fuse until age 5 (Scheuer and Black, 2000). The left pedicle

and the lateral portion of the left lamina are compressed into the dorsal margin of the cen-

trum of L5. Due to a recent break, the right pedicle and lamina, and medial portion of the

left lamina are preserved as a separate piece. Also preserved are the articular facets and the

bases of the two transverse processes. The laminae are relatively smooth and featureless in

posterior view. The inferior margin of the right lamina is heavily damaged. Where the lam-

inae meet at midline there is a thin, incompletely ossified synchondrosis running from the

midline along the cranial margin inferolaterally to the left. There is no development of a

spinous process. 

Table 26-7
Measurements of Lagar Velho 1 fourth and fifth lumbar vertebrae (L4-L5).

L4 L5

Rt Lt Rt Lt

Ventral Body Height – (12.0)

Superior Facet Height 8.1 7.2 7.7 8.1

Superior Facet Breadth 6.2 6.1 6.7 (6.5)

Inferior Facet Height 9.0 – 9.4 8.9

Inferior Facet Breadth 6.1 – 6.5 6.3

Pedicle Height 6.6 6.3 – 5.0

Pedicle Breadth 8.2 6.4 – 8.9

Laminar Height – – 5.7 5.6

Laminar Thickness 2.2 – 3.5 3.6

Transverse Process Root Height 4.3 4.2 – –

Both superior articular facets are anteroposteriorly concave, and the right exhibits

damage to its posterior margin, whereas the left has sustained posterior and lateral dam-

age. The borders of the articular portions of the superior articular facets are not discrete.

Only the right inferior articular facet is visible (the left is hidden behind the L5 centrum).

It is teardrop shaped and anteroposteriorly convex. There is a depression on the internal

surface of the lamina just medial to the inferior articular facet, such that the facet’s medi-
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al border is raised up to form a distinct ridge. The pedicles are ovoid in cross-section with

mediolateral cross-sectional long axes. The right pedicle is larger than the left, and the left

is more damaged along its lateral margin than the right. It is unlikely that the pedicles

were fused to the centrum, since the posterior synchondrosis (which is here unfused)

generally undergoes synostosis before the neurocentral synchondroses (Grant, 1972). The

roots of the transverse processes indicate that they were small in cross-section. The rela-

tively broad centrum of L4 is represented by a single piece 35.4 mm wide, with a maxi-

mum height of 10.2 mm, and preserves perhaps one-third of its beveled inferior surface.

Much of the cranial surface of the centrum has been cleaved off; there is only one antero-

lateral spot to the right of midline where there is cortical bone preserved from a region

cranial to the superior lip. The maximum body height for the piece is 10.2 mm, but this

is almost certainly less than its living ventral height, as so little of the cranial surface is

preserved. The inferior surface is somewhat compressed (most likely postmortem) near

its center.

L5

The fifth lumbar vertebra (L5) is represented by a virtually complete centrum and right

and left portions of the neural arch (Table 26-7). As with L4, the posterior synchondrosis

had not yet undergone synostosis — a phenomenon that in L5 can occur as late as the end

of the fifth year postnatal (Scheuer and Black, 2000). The left lamina is complete; the right

is damaged along its medial margin. The laminae are superoinferiorly short (as is common

for lumbar vertebrae) and evince posterior surfaces that are relatively smooth and feature-

less. The internal surfaces of the laminae have a caudal groove running the length of each

lamina to its inferior articular facet. Both inferior articular facets are preserved, but the

right has matrix adhered to its inferomedial surface, and evinces some porosity in the cen-

ter of its articular surface. Both articular areas are planar and ovoid in shape, with super-

oinferiorly oriented long axes. The superior articular facets are also preserved. Each has

matrix adhered to its lateral face, and the left is slightly damaged along its lateral margin,

such that trabecular bone is exposed. Both are circular in shape, and anteroposteriorly con-

cave. The pedicles are also preserved, although the right is missing most of its inferior mar-

gin, and it evinces a hole where the transverse process used to be. The left pedicle is com-

plete. It is internally to externally much broader than superoinferiorly high and is some-

what rectangular in cross-section. The root of the left transverse process is preserved, but

measurement would be unwise, since the hole marking its location extends anteriorly onto

the pedicle.

A partial centrum of L5, 28.5 mm wide and 12.3 mm tall, is preserved. It evinces beveled

cranial and caudal surfaces, as well as its superior and inferior lips. Its posterior face is either

missing (right) or crushed against the lamina of L4 (left). Inferiorly, there is a small (5.2

mm) crevice just to the right of midline, running anterolaterally to posteromedially from a

spot ca.2.0 mm posterior to the anterior surface of the centrum to its preserved posterior

margin. The crack is approximately 1.5 mm wide, and was likely caused by a rootlet. Overall,

its caudal surface is better preserved than the cranial surface, which evinces small pockets

of exposed trabeculae. The cranial surface is also smaller than the inferior surface in terms

of preserved area.
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Sacrum

The sacrum of Lagar Velho 1 is remarkably complete for such a young specimen (Table

26-8; Fig. 26-7). It preserves portions of all five sacral segments in approximately anatomi-

cal position. Sacral segments 1 through 3 (S1-S3) are preserved in a single bloc, as are S4 and

S5. The alae, or lateral/costal elements, of S1 are preserved as separate pieces. All of the pre-

served pieces can, however, be articulated with each other to form a nearly complete sacrum

with an in situ ventral height of approximately 55.4 mm, and a sacral maximum breadth of

perhaps 75.0 mm. The right ala of S1 is more complete than the left, which is heavily erod-

ed along its caudal margin. The left ala of S1 preserves most of its medial articular surface

(for the centrum of S1), but it is lacking most of its iliac surface (except for a small postero-

superior portion). The right ala is missing only its inferior margin, and it preserves much of

its articular surface with both the body of S1 and the ilium. Both spool-shaped alae have

beveled ends, and both evince deep curves, such that the radii of curvature of their medial

and lateral ends are much larger than their radius of curvature in their midsections. In this

sense, they bear some resemblance to the humeral trochleae of human adults. The alae were

not yet fused to either the centrum or the neural arch piece. According to Scheuer and Black

(2000), each half neural arch of the sacrum unites with its lateral element sometime during

the ages 2-5, usually prior to its neurocentral (and costocentral) ossification, which general-

ly occurs sometime later (ages 2-6).
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FIG. 26-7 – Ventral view of the Lagar Velho 1 sacrum. Scale is in centimeters. 



Table 26-8
Measurements of Lagar Velho 1 sacral elements.

S1 S2 S3 S4

Rt Lt Rt Lt Rt Lt Rt Lt

Ventral Height (of segment) (12.0) (11.3) 9.8 7.5

Cranial Body Breadth 27.4 – – –

Superior Articular Facet Ht. 7.5 6.6 – – –

Superior Articular Facet Br. (6.4) 7.0 – – –

Laminar Height – 5.8 9.2 8.5 – 6.7 – –

S1

The centrum and neural arches of the first sacral segment (S1) are virtually complete

(Table 26-8). S1 preserves the anterior face of the centrum, both superior articular facets,

and both laminae, which were unfused at the time of death. This is expected, since the pos-

terior synchondroses of the sacrum are the last in the vertebral column to ossify — begin-

ning at ages 6 to 8, and often continuing into puberty (Scheuer and Black, 2000). The lam-

inae themselves are crushed into the posterior face of the S1 centrum. The left lamina is

complete; the right is missing its medial half. The cranial surface of the centrum is beveled,

except along its posterior aspect, where the cortical bone is missing and trabeculae are clear-

ly visible. The anterior surface of the centrum is inwardly crushed, and there is a superoin-

ferior crack in the anterior body, just to the left of midline, running from the inferior mar-

gin of S1 to within a few millimeters of the promontory. The inferior anterior face of the

body is posteriorly displaced, and the more lateral portions of the S1 centrum evince exposed

trabecular bone. In posterior view, the laminae appear superoinferiorly short, and each

tapers toward midline. Both superior articular facets are large, circular in shape, and rela-

tively planar in morphology. The right evinces damage along its posterior margin, as does

the left, although unlike the right, the damage on the left does not affect the articular sur-

face. Due to the displacement of the neural arches, the orientation of the facets is not read-

ily apparent, although they almost certainly faced posteriorly.

S2

The second sacral segment (S2) is represented by a complete neural arch and centrum

(Table 26-8). The centrum of S2 is displaced in such a way that its anterior face is oriented

superiorly, and its inferior surface faces somewhat anteriorly. Its body is heavily damaged

laterally along the left side, and its lateral elements are damaged — only the left inferior mar-

gin of the left ala remains intact; elsewhere the lateral elements are either missing (right),

or are represented by amorphous pieces of exposed cancellous bone (left). The inferior sur-

face of the S2 centrum retains its cortical bone, except on the right, where perhaps one-fifth

of its lateral surface area has been eroded away. The inferior surface of the S2 centrum is

beautifully concave in both an anteroposterior direction, and mediolateral direction. Its ante-

rior face is mediolaterally convex, but laterally it is missing perhaps one-fifth of its area on

either side, where it is heavily eroded. In posterior view, both laminae are complete, and

articulate with each other in a well-formed synchondrosis. The laminae for S2 are cranio-

caudally taller than those of S1, but taper much more dramatically toward midline.
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S3

The third sacral segment, S3, is much smaller than S2, and it is more heavily damaged

(Table 26-8). Its superior surface is heavily eroded on its left side, and it is therefore only

preserved on the right, where it disappears into the posterior end of the caudal margin of

S2’s centrum. The preserved portion of its cranial surface is beveled and anteroposteriorly

convex. Its anterior face (also better preserved on the right) is slightly superoinferiorly con-

cave. Its laminae are also present and are crushed against the posterior centrum. The lami-

nae, while not as superoinferiorly tall as those of S2, are tall relative to the size of the S3 cen-

trum. Of the superior articular facets, which were not visible in S2, only the relatively amor-

phous right facet is visible, as the left is hidden by matrix. If the lateral (costal) elements are

preserved, they cannot be recognized.

S4

The fourth sacral segment (S4) is found at the cranial end of a piece that preserves S4

and S5 (Table 26-8). It consists of a fragmentary cranial margin and approximately the right

half of the flat anterior surface of a centrum. The anterior surface of the centrum evinces

clear superior and inferior lips. Posteriorly, a small portion of the right lamina is present;

the left lamina is preserved as a separate piece, due to a recent break. The laminae are small

and both taper toward midline.

S5

All that remains of the fifth sacral element (S5) is a hint of cortical bone on the anteri-

or surface of the S4-S5 piece measuring some 8.6 mm in mediolateral diameter and 5.5 mm

in its superoinferior dimension. In posterior view, none of S5 is visible: only matrix is seen.

Finally, although it is likely that the first (and perhaps second) coccygeal elements were pre-

sent in Lagar Velho 1 due to the age-at-death of the specimen, none of the specimen’s coc-

cygeal elements was recovered.
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chapter 27 | The Costal Skeleton 
❚ TRENTON W. HOLLIDAY ❚ 

Costae, or ribs, as curved, elongated, arc-like bones with thin cortical bone and (in

humans) a high degree of torsion, are easily distorted, broken, and/or crushed during nor-

mal taphonomic processes. As a result, these bones are considered by some to be all but

absent from the human fossil record (Brain, 1981), although they may be preserved in extra-

ordinary circumstances [e.g., KNM-WT 15000, the “Nariokotome boy” (Walker and Leakey,

1993)]. The ribs of juveniles, such as Lagar Velho 1, typically evince only the thinnest of cor-

tical bone, and as a result, both pre- and postmortem factors may cause them to be misiden-

tified and/or lost (Scheuer and Black, 2000). Given these observations, the fact that the

Lagar Velho 1 skeleton retains most of its ribs (albeit in a wide range of states of preserva-

tion) is all the more remarkable. Nonetheless, comparative data on Late Pleistocene juvenile

ribs are virtually non-existent. As a result, what follows is a detailed description of the pre-

served identifiable Lagar Velho 1 rib elements.

Along with the thoracic vertebrae, the ribs were removed from the burial site en bloc (by

CD), and were later excavated from the matrix in the laboratory (by TWH). The method used

to remove the bones was to use a syringe to apply acetone to dissolve away surrounding sed-

iments, which were then removed with a soft-bristled brush. Care was taken to note the posi-

tion of each rib fragment removed, and photographs were taken every few hours to ensure

that the elements would not be misidentified upon removal from the matrix. Many of the

ribs were broken during normal taphonomic processes; where possible, pieces were glued

together, often with the aid of small dowels to strengthen these fragile bones. In order to aid

in their preservation, the bones were also sealed with a mixture of acetone and Duco cement.

The Lagar Velho 1 skeleton preserves most of its left ribs, in that portions of ribs 2

through 11 are present. The first ribs were not recovered, and the specimen apparently

lacked twelfth ribs. The right ribs were severely crushed to the point that they cannot be sep-

arated, and they remain preserved as a single unit such that most cannot be identified as to

number. The proximal ends of right ribs 8, 9, 10, and 11 can be identified by determining

where they articulated with the thoracic vertebral skeleton. On the left side, ribs 2 through 8

are preserved as individual bones, but ribs 9, 10, and 11 were deemed too fragile to remove

from the matrix, and are thus preserved en bloc.

As a whole, the Lagar Velho 1 ribs are fragile, incomplete, and evince few discernable

landmarks, making quantitative analysis of their morphology difficult. It is impossible, for

example, to perform an analysis of series of instantaneous radii of curvature for the Lagar

Velho 1 ribs, as was done for the Nariokotome specimen by Jellema, Latimer and Walker

(1993). Their method requires complete ribs, and of the Lagar Velho 1 ribs, the one virtual-

ly complete rib (left rib 8) unfortunately evinces clear postmortem distortion, such that it has

lost most of its primary curvature (see below). The primary rib curvature of the Lagar Velho

1 ribs can, however, be qualitatively examined by comparing lines digitally drawn onto an

image of the left ribs. In terms of primary curvature of the ribs, what this method reveals is

that (as expected) there is a clear decrease in rib curvature as one moves caudally from the

third to sixth ribs. However, the left seventh rib appears to be slightly more curved than the
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left sixth rib. This would be unusual, but it should be noted that the left seventh rib is less

complete than the sixth, and postmortem distortion of this rib’s curvature remains a distinct

possibility. 

Another feature difficult to quantify in the Lagar Velho 1 specimen is torsion along the

ribs’ long axes. Human ribs, especially those that decline heavily toward their distal ends,

evince torsion as a consequence of human thoracic shape, which is expanded in the upper

thoracic region, yet relatively transversely narrower in the lower thoracic region (Jellema et

al., 1993). While no measurement of such torsion is offered here, qualitative examination of

the costal remains indicates that many of the Lagar Velho 1 ribs show clear signs of torsion

along their long axes (see below). Indeed, the Lagar Velho 1 ribs are expected to evince this

characteristic — torsion will be present in all human ribs except in ribs 1, 2, 11 and 12 by the

end of the second or third year of life (Scheuer and Black, 2000). 

Second Ribs

No portion of the right second rib was recovered. The left second rib is represented by

a small mid-proximal piece some 29.9 mm long (Table 27-1). As is characteristic of second

ribs, it is superoinferiorly flattened. It is also more internally to externally narrow at its prox-

imal end, while broader towards its distal end. Given that even the most proximal portion of

the rib is superoinferiorly flattened, the piece likely preserves the very distal edge of the ilio-

costalis line (i.e., the attachment of the lateral-most fibers of M. iliocostalis thoracis) and

ca.17.7 mm of shaft distal to it. There is little relief evident on any of its preserved surfaces,

and the superior and inferior surfaces are particularly smooth. However, matrix remains

adhered to the bone in the area of the angle, and may obscure any rugosity present. Four

small pieces have been glued together at its proximal end, and there is a small (3.4 mm inter-

nal-external x 4.9 mm proximodistal) area of missing cortical bone on the proximal inferior

margin, ca.10.2 mm distal to the preserved proximal end. Also on its inferior surface is a Z-

shaped crack beginning approximately 10.0 mm from the preserved distal end, and running

to the rib’s distal posterior (external) margin.

Table 27-1
Measurements of Lagar Velho 1 left ribs 2-7.

Rib 2 Rib 3 Rib 4 Rib 5 Rib 6 Rib 7

Tubercle-Iliocostal Line Distance – – – – – (28.2)

Posterior Angle Chord – – – – – (50.3)

Max. Shaft Diameter at Angle 6.8 (6.6) – – – –

Min. Shaft Diameter at Angle 3.7 4.3 (4.5) – – –

Articular Tubercle Height – – – – – 4.0

Articular Tubercle Breadth – – – – – (5.5)

Midshaft Maximum Diameter – – (7.7) 7.7 7.5 8.6

Midshaft Minimum Diameter – – – 4.6 5.3 4.4

Neck Length – – – (15.2) – –

Neck S-I Diameter – 4.8 4.7 (5.2) – 6.4

Neck D-V Diameter – 3.3 4.0 (4.0) – (3.6)

Proximal Shaft S-I Diameter1 – 4.3 4.5 – – 5.7

Proximal Shaft D-V Diameter1 – 5.0 5.2 – – 4.5

1 Measured just distal to the articular tubercle.
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Third Ribs

No portion of the right third rib, if recovered, was recognized, due to the crushing of

the right half of the rib cage. The left third rib is represented by a proximal segment with

a preserved length of 62.2 mm that includes perhaps one-half its total length (Table 27-1;

Fig. 27-1). The rib is pieced together from three major segments, the distal-most part of

which is pieced together from even smaller pieces. There are therefore two major breaks in

the rib. The first, a nearly vertical, clean break, is located ca.30.2 mm from the proximal

end. The second, located some 21.7 mm distal to the first, runs in a superodistal to infero-

proximal direction. On the rib’s proximal end, flaring for the head is evident, indicating

that most of the neck is preserved. The neck itself is narrow in its external-internal dimen-

sion and superoinferiorly tall (Table 27-1). Beyond the neck the rib preserves a portion of

the tubercle, the angle, and the shaft to approximately midshaft. One of the most promi-

nent features of the rib is the broad attachment superiorly for the intercostal muscles, ca.

3.3 mm wide at its midpoint and ca.27.0 mm long, beginning in the region of the tubercle.

Distal to this point, the rib’s shaft becomes thinner and more bladelike in morphology.

Also, the superior margin of this distal, more “blade-like” section of shaft (beginning some

39.6 mm from the distal end) is convex, not flat like its more proximal portion. Only the

medial edge of the articular tubercle is preserved; beyond this an area of the rib’s inferior

margin some 10.5 mm long and 2.8 mm

wide is missing. This missing area includes

the location of the iliocostalis point, the

inferiorly projecting point at the angle cor-

responding to the inferior-most attachment

of the lateral-most fibers of the iliocostalis

muscle. In the region approximating the

iliocostalis line the rib’s cross-section goes

from being circular to ovoid/oblong. For

example, just distal to the presumed loca-

tion of the tubercle, the rib measures 4.3

mm superoinferior x 5.0 mm internal-exter-

nal, while at a point just distal to the angle,

the maximum shaft cross-sectional dimen-

sion is 6.9 mm while the minimum shaft

cross-sectional dimension is 3.3 mm. No

true costal groove is evident. It is important

to note that due to torsion along the rib’s

long axis, the maximum cross-sectional

dimension in the midshaft region is not

vertically oriented when the rib is laid flat

on the table. Rather, it is somewhat hori-

zontally oriented, with its cross-sectional

long axis running inferoanteriorly to super-

oposteriorly, as would be expected for a

third rib. While difficult to assess due to its

incomplete state of preservation, there does

not appear to have been much declination

in this rib.
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FIG. 27-1 – Cranial views of Lagar Velho 1 left ribs (from top to

bottom) 2, 3, 4 and 5. Vertebral ends are left, sternal ends

are right.



Fourth Ribs

No right fourth rib was recognized, due to the crushing of the right ribs. The left fourth

rib is represented by a proximal portion some 82.5 mm long preserving perhaps 60% of the

rib’s length (Table 27-1; Fig. 27-1). The rib is missing its head, although it does preserve most

of the neck. Distal to the neck the rib preserves the tubercle, the angle, and a portion of the

shaft extending beyond midshaft. The neck is more circular in cross-section than that of rib 3.

It evinces a small, transverse ridge on its posterior/external margin corresponding to the

attachment of the costotransverse ligament (proper). The crest terminates at a point just

superior to the articular tubercle. Much of the articular tubercle is present, although the

articular portion is eroded along its distal aspect, with trabecular bone exposed. On the exter-

nal face of the rib, just distal to the articular portion of the tubercle, on its nonarticular

aspect, is a small depression some 2.4 mm superoinferior x 3.4 mm proximodistal corre-

sponding to the attachment of the lateral costotransverse ligament. The superior margin of

the rib is flat and internally to externally broad up to around midshaft, distal to which it

becomes more bladelike. The inferior margin of the rib is heavily damaged, especially in the

region of the angle. Where preserved it is quite sharp, with little evidence for a costal groove

(along the proximal shaft, there is a very slight external/inferior ridge). The rib’s superficial

and deep surfaces are smooth and therefore evince little relief, such that the iliocostalis line

is impossible to discern. This, coupled with the absence of the iliocostalis point, makes it

impossible to take reliable arc measurements. In terms of torsion along the rib’s long axis,

the orientation of the cross-sectional long axis of the distal portion of the rib is more vertical

than that of rib 3, and seemingly less vertical than that of rib 5. In terms of its primary cur-

vature, the rib neck does not appear to evince a high degree of flexion toward the rib corpus,

a characteristically human trait. However, this apparent absence of posterior flexion may in

fact be due to postmortem distortion. There is very little evidence for declination in this rib;

in fact, the distal end of the rib appears to rise somewhat when the rib lies on a flat surface.

However, this phenomenon is almost certainly due to the missing inferior margin along its

distal end.

Fifth Ribs

The right fifth rib of Lagar Velho 1, while most likely present, cannot be recognized as

to number, due to the crushed state of the right half of the rib cage. However, most of the

left fifth rib is preserved, including a small, fragmentary portion of its head (Table 27-1; Fig.

27-1). The preserved length of the rib is 116.9 mm; it is missing approximately one-fifth of

its distal end. The neck is relatively superoinferiorly expanded, but adhered matrix along its

inferior margin makes this difficult to quantify. The external margin of the neck evinces a

proximodistal ridge corresponding to the attachment of the costotransverse ligament (prop-

er). More distally, within the nonarticular portion of the tubercle, is a small furrow corre-

sponding to the attachment of the lateral costotransverse ligament. It measures some 2.6

mm superoinferior x 4.6 mm proximodistal, and its center is located approximately 20.0

mm from the proximal end. The articular portion of the tubercle is not evident. However,

it likely underlies an area bisected by a superoinferior fissure and covered with adhered

matrix that could not be removed without risking further damage to the bone. The area in

the vicinity of the iliocostalis line is too damaged to allow measurements; it is comprised

of broken pieces of cortical bone held together by matrix, glue, and dowels. The rib thus
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evinces heavy damage in the vicinity of its angle, where the inferior and posterior surfaces

are heavily eroded, and the remaining bone in the region is fractured and somewhat disar-

ticulated. 

The contact between the shaft beyond the angle and the angle itself is very poor, and

it is represented by only a small, superior connection that is displaced such that the dis-

tal piece seems to “ride up” on the proximal piece, producing a “kink” at this join. The

angle’s heaviest damage is on its posterior aspect, although its inferior and superior mar-

gins are also damaged. For most of the rib’s length, its inferior margin is also damaged.

For example, beginning some 16.5 mm from the proximal end, for ca.29.0 mm the infe-

rior margin is crushed into the diploë, and beyond this point, much of the inferior mar-

gin is missing. Only in a few places does the cortical bone of the inferior margin remain,

primarily near midshaft, where it evinces a marked costal groove measuring some 4.4

mm superoinferior proximally, reducing to ca.3.8 mm superoinferior more distally. Also

near midshaft the superior margin of the rib is flat, and evinces a broad area for inter-

costal muscle attachment. At its widest external-internal dimension it is 3.4 mm. Distal to

midshaft (some 85.4 mm from the preserved proximal end), the superior margin becomes

more smoothly rounded. The distal end of the rib has also suffered heavy damage — only

its external surface is preserved for the distal-most 23.5 mm of its length, and this piece

is held to the proximal portion via glue and a dowel. In terms of curvature, the posterior

angle of rib 5 is more open than that of rib 4. The rib has a high degree of torsion along

its long axis, such that distally, the rib’s anatomically superior margin is facing in a pos-

terosuperior direction when the rib lies flat on a table. The rib also evinces the classic “S”

shape often noted in human ribs, where in lateral view, one notes a “dip” in the midshaft

region, such that midshaft is somewhat more caudal in position relative to points either

distal or proximal to it.

Sixth Ribs

The right sixth rib is likely present in the crushed right rib cage, but it cannot be

identified as to number. The left sixth rib is made up of a combination of pieces some

126.0 mm long representing the proximal seven-eighths or so of its length (Table 27-1;

Fig. 27-2). It also retains some of the T6 vertebral body along with concreted matrix on its

proximal end. It therefore remains difficult to determine where vertebra, matrix, and/or

the rib begin or end, and unfortunately, the removal of more matrix risks further damage

to the specimen. The rib has a deep posterior curvature. The external and internal tables

are separated from each other by a fissure along much of the rib’s length, with the infe-

rior margin being particularly affected. Despite the damage to the inferior margin, there

is evidence for a slight costal groove measuring some 3.6 mm superoinferior, albeit only

along one small section of shaft some 27.5 mm long, just distal to midshaft. Distal to this

point, the groove appears to flatten out. The rib also remains relatively narrow in cross-

section until midshaft, when its external/internal dimension increases, only to decrease

again toward the distal end. At midshaft it has the largest cross-section of any of the Lagar

Velho 1 ribs. At its proximal end the rib evinces a fissure along its superior margin such

that its superior margin is missing cortical bone along its external surface. In places

where the superior margin is preserved proximal to midshaft, it appears to have been rel-

atively planar. The external table along the entire neck is also missing — the proximal-

most portion of cortical bone of the rib’s external table is a depression within the tubercle
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some 3.3 mm superoinferior by 4.3 mm

proximodistal corresponding to the attach-

ment site for the lateral costotransverse lig-

ament. The articular portion of the tubercle

is missing. Beyond the tubercle, the exter-

nal table of the rib is missing in several

locations along the rib’s length. The first,

located some 39.2 mm distal to the proxi-

mal end, is some 7.1 mm superoinferior x

5.0 mm proximodistal. The second is found

just proximal to midshaft, where the dam-

age to the inferior margin is even more

extensive than that to the external margin.

More distally, beginning some 20.0 mm

from the distal end, the external table is

missing from an area 17.0 mm proximodis-

tal x 7.5 mm superoinferior. The distal end

of the rib is represented by a small (14.0

mm proximodistal) piece glued along a

clean break. The distal end is quite thin in

its external to internal dimension, and the

superior margin at the distal end is round-

ed. In general, the surfaces of the rib are

relatively smooth and featureless, aside

from “faux relief” due to adhesions of

matrix. It therefore remains difficult to discern the iliocostalis line. The rib does not

appear to evince much declination, nor does there appear to have been as much torsion

as in the fifth rib. This is both unusual and unexpected, and is likely due to postmortem

distortion.

Seventh Ribs

The right seventh rib of Lagar Velho 1 is almost certainly present in the mass of right

ribs that remain crushed together. It is, however, the caudal-most of the right ribs that can-

not be identified as to number. The left seventh rib is represented by perhaps 60% of its

length, and has a preserved length of 93.0 mm (Table 27-1; Fig. 27-2). It preserves most of

its neck (including the flared-out region for the head), the angle, and the shaft distally to a

point somewhat beyond midshaft. The neck retains matrix on its deep surface, and gives way

distally to a broad depression corresponding to the articular surface of the tubercle. The cor-

tical bone on the distal margin of the tubercle was so thin that it is now perforated. Distal to

the articular portion of the tubercle is a small depression corresponding to the attachment

of the lateral costotransverse ligament. The superior margin in the tubercle region evinces a

flattened area some 6.9 mm proximodistal by 1.5 mm superoinferior. Beyond the angle, the

superior margin of the rib is damaged until midshaft; however, in areas where it is pre-

served, it is smooth and convex. The inferior margin is also damaged along much of its

length — only two-thirds of the mid-distal shaft and the proximal-most portion of the shaft

preserve it in its entirety. 
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FIG. 27-2 – Cranial views of Lagar Velho 1 left ribs 6 (top), 7

(middle) and 8 (bottom). Vertebral ends are left, sternal

ends are right.



Despite these damaged areas, what can be ascertained is that the neck and proximal

shaft are relatively round in cross-section, while more distally the shaft becomes more blade-

like, very tall and narrow in cross-section, with only the slightest costal groove evident along

its distal course. In fact, the distal shaft is markedly planar on its inferior aspect, and, as

such, the costal groove is manifest as a flat area some 2.9 mm in its internal-external dimen-

sion, facing inferiorly, and deep to a subtle external/inferior ridge. The external/inferior

ridge appears to become more prominent as one moves proximally toward midshaft, but

damage to the bone precludes evaluating its proximal extent. As with the more cranial ribs,

the rib’s external and internal surfaces evince little relief, and as a result, the exact location

of the iliocostalis line is difficult to ascertain. This rib, like rib 6, has a deep posterior angle.

It also appears to have been characterized by a steeply declined shaft. The rib exhibits much

torsion, and the shaft evinces a superiorly convex cranial margin just proximal to midshaft,

suggestive of the “S” shape often found in human ribs. 

Eighth Ribs

The proximal end of the right eighth rib is present and identifiable as to number in the

large compressed section of right ribs (Table 27-2). The portion of the rib identifiable as

belonging to rib 8 includes a heavily damaged partial neck, tubercle, and a small portion of

the body proximal to the angle, with a preserved length of 30.4 mm. Distal to this point, the

rib shaft disappears into the crushed rib mass. The determination of number for the right

eighth rib was assessed via its articulation with the vertebral column. Proximally, the neck

shows extensive damage, especially along its superior margin. Its inferior margin does, how-

ever, preserve the area where the neck flares out to form the head. None of the articular sur-

face of the head is preserved. Posteriorly, the articular portion of the articular tubercle is pre-

served as a small ovoid depression. Distal to the tubercle, the superior margin of the rib

evinces an external shelf, or ridge, which runs proximodistally along the superoinferior mid-

line of the posterior shaft. Just cranial to this ridge, slightly distal to the articular portion of

the tubercle, is a small depression. The shelf and depression correspond at least in part to

the attachment site for the lateral costotransverse ligament. Matrix remains adhered to the

cortical bone along the internal surface of the rib, especially at its preserved distal end. The

shaft of the rib is relatively circular in cross-section.

Table 27-2
Measurements of Lagar Velho 1 ribs 8-10.

Rib 8 Rib 9 Rib 10

Rt Lt Rt Rt

Midshaft Maximum Diameter – (10.1) – –

Midshaft Minimum Diameter – (4.2) – –

Neck S-I Diameter – – (5.7) –

Neck D-V Diameter (3.7) – (4.2) –

Proximal Shaft S-I Diameter1 5.8 – 5.6 (4.7)

Proximal Shaft D-V Diameter1 4.9 – 5.4 (3.6)

Distal End Height – (8.9) – –

Distal End Breadth – 5.2 – –

1 Measured just distal to the articular tubercle.
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The left eighth rib is virtually complete — it preserves a slightly expanded sternal end,

and only the proximal-most portion of the rib is missing (Table 27-2; Fig. 27-2). Its preserved

length is 147.0 mm. However, the rib is distorted in the sense that it has been flattened to

such a degree that its posterior angle is much more open; i.e., the rib is relatively straight,

evincing little of its primary curvature. The inferior margin of the rib is damaged along most

of its length; it is missing for around 49.0 mm of its proximal-most length. Therefore evi-

dence of the articular tubercle, including any features associated with it, no longer exists.

Also, as a result of this damage, it is impossible to discern neck from proximal shaft, and

damage to the external surface makes taking even internal-external measurements unwise.

In fact, the inferior margin is only preserved at midshaft and in the region just proximal to

midshaft. One feature in the region does stand out, however; like its counterpart on the

right, left rib 8 evinces a shelf along its midline just superodistal to the region of the articu-

lar tubercle. This shelf may at least in part represent the attachment site for the lateral cos-

totransverse ligament. Here in the left eighth rib, only a suggestion of this shelf remains,

due to the erosion of the rib’s external table. The most heavily damaged portion of the rib is

ca.45.0 mm from its preserved proximal end, in the angle region, where the only preserved

section of the rib is a small portion of the external table — the inferior, superior, and inter-

nal faces of the rib are missing in this region. The left eighth rib appears to be externally to

internally narrower in cross-section than more cranial ribs, having a very tall (albeit hard to

measure, due to inferior margin damage), thin profile. A shallow (2.5 mm superoinferior)

costal groove is evident mid-distally. Its presence more proximally may be masked by the

extensive amount of matrix that remains adhered to the bone. All surfaces on this rib appear

relatively smooth and featureless. Due to distortion, it is not possible to evaluate declination

or torsion of this rib.

Ninth Ribs

The right ninth rib is represented by its proximal end that extends into the right ribs’

crushed mass, leaving only 26.2 mm of its proximal neck and shaft exposed (Table 27-2).

The region of the angle remains hidden within the compressed ribs, and even large areas of

the exposed portion of the rib retain matrix. The rib presents a very poorly preserved neck

evincing extensive damage, particularly along its superior margin. Externally, it also pre-

serves a damaged ovoid area with a proximodistal long axis corresponding to the location of

the articular tubercle. Extending distally from the tubercle is a “shelf,” or ridge of bone run-

ning down the long axis midline of the rib along its external surface, likely representing, at

least in part, the attachment site for the lateral costotransverse ligament. However, this shelf

of bone is not as pronounced as that of rib 8. As with the right eighth rib, the cross-section

of the rib’s corpus (proximally) is relatively circular. 

The left ninth rib remains in situ within a block of matrix, because it was feared that

removing it would cause too much damage to the bone. It is represented by four separate

sections, with a combined length (including intervening matrix) of 108.4 mm. Its largest

piece, some 45.3 mm long, is the most proximal, and it is the only piece of the rib to pre-

serve portions of its superior and anterior margins (its posterior surface remains hidden

within the block). At its proximal end is found an amalgam of rib, vertebra, and matrix.

The piece evinces a superoinferior break some 28.5 mm from its proximal end. Distal to

this break, the superior margin of the rib is missing. The piece’s internal surface is pre-

served, and although it remains covered with some adhesions of matrix, enough of the
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surface is present to indicate that it, too, was smooth and relatively featureless. Located

10.7 mm from the distal end of the proximal piece is the second, smaller, more distal

piece of left rib 9. It is separated from the proximal piece by a section of matrix lacking

bone. This second, rectangular piece is 21.3 mm in length, 6.2 mm high (superoinferior),

and preserves the external table of bone, on which only the endosteal surface is visible.

Distal to this piece, there is an actual break in the matrix, with a fault within the block

lying between the more proximal and more distal pieces. This small piece, also rectangu-

lar, is only 12.9 mm long (proximodistal) and 6.5 mm high (superoinferior). It is repre-

sented solely by the endosteal surface of the rib’s external table. The piece is bisected by

a superoinferior break. The distal-most piece of the rib emerges from the matrix some

10.3 mm from the distal end of the third piece, and some 102.0 mm from the preserved

proximal end. It, too, preserves only the external table. As with the third piece, the fourth,

distal-most piece is bisected by a superoinferior break. It is 9.8 mm in length (proxi-

modistally). 

Tenth Ribs

The right tenth rib is the most amorphous of the identifiable right ribs — it is little

more than a rectangular piece of bone protruding from the right rib mass (Table 27-2). Its

inferior surface is planar, and its superior surface is only slightly convex, giving it an almost

rectangular cross-section. Its cross-sectional measurements are 4.7 mm superoinferior x 3.6

mm external-internal at its proximal end, and 5.3 mm superoinferior x 3.4 internal-external

at its exposed distal end. The rib is bisected by a break running inferodistally to supero-

proximally. There is a glued fresh break at its base (the junction with the crushed rib mass).

The posterior/external margin of the rib evinces damage (eroded cortical bone) near its junc-

tion with the compressed ribs. There are no discernable landmarks on the exposed portion

of this rib. Also, less of this rib is visible than is the case in the other exposed right ribs; only

20.0 mm of shaft is exposed. It appears that rib 10 preserves a more distal section of the

bone than the more cranial right ribs, and that the preserved piece begins at a point some-

what distal to the tubercle.

The left tenth rib, like the left ninth rib, is represented by four sections that remain

embedded in matrix. The most proximal piece is 37.2 mm long, and preserves a rounded

superior margin. It retains its internal face for 28.7 mm. Distal to this point, the internal

table is missing, leaving only the endosteal surface of the external table exposed. The sec-

ond preserved piece begins ca.43.0 mm from the rib’s preserved proximal end, and it is

represented by the endosteal surface of the rib’s posterior face. The piece is 29.7 mm long

and ca.6.3 mm in its superoinferior dimension. It is bisected by a superoinferior crack.

The third piece is a small piece that begins after the same fault within the matrix men-

tioned in the rib 9 description. This piece is only 12.0 mm long and 6.7 mm superoinfe-

rior, but it does preserve the cortical bone of the rib’s internal face. The fourth, most dis-

tal piece is 23.3 mm long, and it begins some 84.3 mm from the rib’s proximal end. Its

distal-most point is some 103.3 mm from the proximal end. At its midpoint, the piece is

4.4 mm superoinferiorly. This piece also preserves the internal surface’s cortical bone.

While examination using the naked eye suggests that the piece tapers to a point distally,

under microscopic examination there is no evidence that this piece preserves the distal

end of the rib; rather, the distal end of the rib was more distal to the fourth piece but was

not recovered.
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Eleventh Ribs

The right eleventh rib is the most complete of the right ribs (Table 27-3). It preserves

some of its head, and, if a second piece that appears to belong to the rib is in fact a por-

tion of it, then the rib preserves most of its shaft to perhaps within a centimeter of its dis-

tal end. Most of the rib is preserved at its proximal end, with 32.0 mm emerging from the

compressed rib mass. Beyond this piece, there is an extremely small (10.3 mm proxi-

modistal x 5.6 mm superoinferior) piece of eroded shaft that appears to be a continuation

of rib 11; it begins ca.12.2 mm distally from the end of the proximal piece. As it is an

eleventh rib, there is no neck, nor angle in this rib, only a slight superior “kink” or dip

just distal to the region corresponding anatomically to the rib’s neck (i.e., the proximal-

most portion of the rib corpus). The “neck” flares out to form the head, which is ovoid in

cross-section, and retains much of its articular surface. It does, however, evince missing

cortical bone along its superior one-third, and inferiorly, along the inferior one-half of its

posterior margin. The maximum breadth of the head is superior to the transverse midline

of the rib; i.e., the articular surface of the head is somewhat asymmetrical, with a larger

inferior than superior articular area. The inferior margin of the shaft is sharp. The inter-

nal face of the rib is smooth, without a hint of a costal groove. The proximal external sur-

face evinces a series of ovoid depressions (with proximodistal long axes) along its pos-

teroinferior margin, corresponding proximally to the insertions of longissimus thoracis and

iliocostalis lumborum, and distally to the insertion of serratus posterior inferior. The rib is

gently concave in both a transverse plane (i.e., anteriorly concave) and a sagittal plane (i.e.,

superiorly convex).

Table 27-3
Measurements of Lagar Velho 1 eleventh ribs.

Rib 11

Rt Lt

Neck S-I Diameter 5.1 –

Neck D-V Diameter 3.5 –

Proximal (Head) Height (7.0) –

Proximal (Head) Breadth 5.0 –

Proximal Shaft S-I Diameter1 4.8 4.7

Proximal Shaft D-V Diameter1 3.2 –

1Measured just distal to the articular tubercle.

The left eleventh rib is preserved in three small sections, the combined length of

which (including intervening matrix) is 58.9 mm (Table 27-3). The most proximal piece is

a small, square piece, which remains attached to the largest vertebral column piece, just

inferior to the left pedicle of T11. This portion of the rib measures only 3.3 mm proxi-

modistally, and 4.5 mm superoinferiorly, and it articulates via a recent break with the prox-

imal-most piece of rib 11 on the left rib bloc. The proximal-most piece on the three-rib (9,

10, 11) piece measures 9.9 mm proximodistally by 4.7 mm superoinferiorly. It is a small,

flat (internal-external) rectangular piece with its internal face visible. There is a large gap

(34.8 mm) between this piece and the most distal piece. The most distal piece is also a

small (11.5 mm proximodistal x 5.8 mm superoinferior) rectangular piece that preserves the

rib’s anterior face. Given its location in the matrix, it likely comes from a point just distal

to the rib’s midshaft.

425

chapter 27 | THE COSTAL SKELETON 



Absence of the Twelfth Ribs

The regions immediately lateral to the twelfth thoracic vertebra of Lagar Velho 1, both

on the right and left sides of the vertebral column, were carefully excavated, and no sign of

a twelfth rib was found. The state of preservation of the proximal ends of the caudal-most

right ribs exceeds that of the left, with necks and proximal shafts (and even the head of rib

11) found in close association with their corresponding thoracic vertebrae (T8-T11). Yet

despite this excellent state of preservation, no evidence for the presence of a right twelfth rib

was recovered. Likewise, on the left side, the three caudal-most ribs remain embedded in

matrix, yet inferior to them there was no trace of bone that could be attributed to a left

twelfth rib. Had Lagar Velho 1 possessed a pair of twelfth ribs, they should have begun ossi-

fication during the fetal period, likely prior to the ossification of their associated thoracic ver-

tebrae, perhaps even as early as the eleventh or twelfth week in utero (Scheuer and Black,

2000). Thus, since there is no evidence for twelfth ribs, it is reasonable to assume that they

were not present in the specimen. This condition is considered to be rare among recent

humans (Steele and Bramblett, 1988), but not so rare as to be clinically unimportant — clin-

icians may encounter such patients on occasion (Hollinshead and Rosse, 1985). 

It is intriguing that Lagar Velho 1 seems to have a cranial shift in vertebral-costal anato-

my, such that there are no twelfth ribs, since the frequency of this morphological pattern

tends to vary among recent human groups. Specifically, Ogilvie et al. (1998) noted that while

recent east African populations present a higher number of individuals who show similar

cranial shifts, the opposite pattern, a caudal shift, where lumbar ribs are present, seems to

be more common among Neandertals as well as Native American populations. They suggest

that this pattern may be correlated with ecogeographical rules related to the alteration of the

body’s surface area:volume ratio. These rules, discussed in detail elsewhere (Trinkaus, 1981;

Ruff, 1994; Holliday, 1997a, 1997b; see Chapter 25) are based on the empirical observation

that homeothermic animals show an increase in body mass and a decrease in relative

appendage length with increasing latitude and/or decreasing temperature. Therefore, in

colder climates (such as those experienced by the Neandertals and the ancestors of Native

Americans) there is likely selection to maximize the size of the trunk, thereby decreasing the

body’s relative surface area. Conversely, in warmer climates, there may be selection to

reduce the size of the trunk in order to increase the body’s relative surface area. Whether

lacking twelfth ribs truly decreases the overall size of the trunk is uncertain. Yet even if this

explanation for the pattern is not correct, it is interesting that at least for this feature, the

Lagar Velho 1 individual evinces a pattern associated with recent sub-Saharan Africans, and

not with Neandertals or recent cold-adapted groups. In a Late Pleistocene European context,

this may align it more closely to the relatively linear early modern human samples than to

the Neandertals, although no cases of twelfth rib agenesis have been documented in

European early modern human remains.
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chapter 28 | The Pelvic Morphology
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The pelvic remains of Lagar Velho 1 consist of five elements of the two hipbones prior

to their fusion through the acetabulum, plus major portions of the sacrum (Figs. 28-1 and

28-2). All are damaged to some degree. The sacrum is described in Chapter 26, and the

right and left ilia, both ischia and right pubic bone are discussed here. The pelvis in situ
gave the impression of being more complete, but it was full of small fissures in the corti-

cal surface bone and the internal trabecular bone. Moreover, the position of the skeleton

only a few centimeters below the land surface for four years (between the time of the earth

removal and the excavation) (Chapters 2 and 11) led to innumerable fine rootlets penetrat-

ing the pelvic bones. The slightest tension on these rootlets led to further fragmentation of

the bones (especially the ilia), resulting in the current incomplete state of the pelvic

remains.

The degree of formation and the lack of fusion of the three elements of each os coxae

are in agreement with its probable age in the fifth year postnatal (Chapter 15). The sex of

the individual is considered as indeterminate, since “despite a wealth of literature con-

cerning sex differences in the fetal and juvenile pelvis, it is still generally held that while

dimorphism may exist from an early age, it does not reach a sufficiently high level to per-

mit reliable discrimination of sex until after the extensive skeletal modifications of puber-

ty have arisen” (Scheuer and Black, 2000, p.342-343).
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FIG. 28-1 – Internal views of the Lagar Velho 1 right and left ilia. Scale in centimeters.



Comparative Framework

The comparisons with other fossil pelvic remains are limited to those with specimens

whose ages-at-death were approximately that of Lagar Velho 1, that is between approxi-

mately 2 and 6 years postnatal. There are few Neandertal specimens of this developmental

age with pelvic remains. They consist of Roc de Marsal 1 (Madre-Dupouy, 1992), whose

pelvic bones are insufficiently preserved to permit accurate measurement (Majó, 2000),

the remains of Dederiyeh 1 and 2 (Akazawa et al., 1995, 1999), which were not yet ade-

quately published for comparison, and those of La Ferrassie 8 (ca.2 years old) and La

Ferrassie 6 (3-5 years old) (Heim, 1982b).

Pelvic remains of early modern human immature specimens are also rare, and in

some cases the pelves have been lost without proper study [e.g., the ilium of the 4 year old

Předmostí 8 (Matiegka, 1938)]. The pelvic remains of the two children (ages ca.2 years and

3-5 years) from Fanciulli (Grotte-des-Enfants) (Henry-Gambier, 2001) are quite complete

but they derive from the late Upper Paleolithic levels at the site (Mussi, 1996; Henry-

Gambier, 2001). Immature pelvic remains are available from the Qafzeh-Skhul Near

Eastern Middle Paleolithic early modern human sample, principally from Skhul 1 and

Qafzeh 10 and 21 (McCown and Keith, 1939; Tillier, 1999), and data are available for the

last two specimens.

To complete the comparative framework for the study of the Lagar Velho 1 pelvis, data

from modern European children of known age and sex (Tillier, 1999; Majó, 2000) and

those from a central European archeological collection (Florkowski and Kozlowski, 1994)

are employed. In addition, a single recent individual (No. 357) with a complete pelvis and a

dental calcification age similar to Lagar Velho 1 from the 15th to 18th cemetery at Cognac-

Saint Martin (Charente, France) (Hervouet-Mawer, 1992) has been used for visual com-

parisons.
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FIG. 28-2 – External (left) and internal (right) views of the Lagar Velho 1 right pubis and ischium. Scale in centimeters.



Preservation and Descriptive Pelvic Morphology

The Right Ilium (Figs. 28-1 and 28-3)

The primary piece of the right ilium retains a portion of the iliac crest for 38 mm dor-

sally from the anterior superior iliac spine. In superior view, the crest exhibits a very strong

sinusoid curve with a distinct angulation at the location of the future iliac tubercle. The mor-

phology of the iliac blade results from a skeletal remodelling associated with the transfer of

body mass through the pelvis and the associated pull of the gluteal abductor muscles, and it

normally starts its formation after two years of age (Scheuer and Black, 2000), during which

time children are normally acquiring full bipedal posture and locomotion (Scoles, 1988; Le

Métayer, 1992). The presence of this configuration is rare among young recent human chil-

dren; Majó (2000) observed it in only 2.9% (N = 70) of pre-adolescent specimens and then

among most children older than 12 years. However, Tillier (1999) found a marked sinusoidal

curve to the iliac crest with two locations of mediolateral thickening in the ilia of both Qafzeh

21 and Qafzeh 10. The La Ferrassie 6 iliac crest is too incomplete to assess its curvature.

The anterior margin of the Lagar Velho 1 right ilium is damaged, and the preserved por-

tion measures only 12 mm long. At the opposite end, the posterior border is lacking. On the

internal surface of the ilium, there is a well-preserved iliac fossa that is very deep, especially in

its posterior portion near the sacroiliac (auricular) surface. In this area, alongside the auricular

surface, there is a vertical ridge or

crest. However, the auricular surface

is badly damaged, and only a section

24 mm long and 7 mm wide remains.

A clear separation between the iliac

fossa and the auricular surface, due to

the hypertrophy of the sacroiliac liga-

ments, has also been described by

Tillier (1999) for the Qafzeh 10 ilium.

The greater sciatic notch is lacking, as

is the acetabular subchondral surface.

The dorsal (or gluteal) surface is

very damaged, and there is only a

section of surface bone 37 by 15 mm

preserved. The thickness of the Lagar

Velho 1 ilium varies between 8 and 9

mm; this contrasts with a value of 6

mm for the comparative specimen

from Cognac-Saint Martin.

The other fragment of the right

ilium, which preserves the posterior

cornua of the auricular surface, is

massive. Its dimensions (17.2 x 15.3

mm) suggest a marked hypertrophy

not habitually seen in recent children

of the same age. Its hypertrophy is

linked to the general hypertrophy of

the sacroiliac articulation.
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FIG. 28-3 –Comparison of the internal (pelvic) surfaces of the right ilium

of Lagar Velho 1 with the right ilium of a recent child of a similar

developmental age. Above: Cognac Saint-Martin 357; below: Lagar

Velho 1.



The Left Ilium (Figs. 28-1 and 28-4)

The left ilium is better preserved

than the right one, even though only the

ventral (internal) surface is intact. On its

anterior border, the anterior superior

iliac spine is lacking, but the anterior

inferior iliac spine is present. The iliac

crest is largely absent with only a section

8 mm long present, about one-third of

the length of the bone from its anterior

margin. The thickness of the preserved

crest is moderately elevated (6.7 mm),

compared to a thickness of 6.4 mm for

the developmentally older Qafzeh 10

ilium (Tillier, 1999). The posterior mar-

gin is damaged, and the posterior superi-

or and inferior iliac spines are not pre-

served. 

Only a narrow band 2 mm wide

remains of the auricular surface. It is suf-

ficient to note that the internal iliac fossa

was well marked. The arcuate line is pre-

sent, as is normal for children from a

young age (Majó, 2000). The greater sci-

atic notch is present, although its superi-

or and acetabular ends are damaged. Its

state of preservation does not permit mea-

surement, but its form is clear and its perimeter is distinct. About half of the acetabular sub-

chondral bone is present, but it has been eroded.

A small fragment of the external iliac surface with 6.5 mm of the iliac crest is preserved,

but it cannot be positioned relative to the larger piece of the left ilium.

The Right Ischium (Fig. 28-2)

Overall the right ischium of Lagar Velho 1 is well preserved, with only the dorsal surface

being eroded. The surface of the ischial tuberosity is slightly eroded, but its damage does not

affect observations. 

The acetabular portion is massive, and one can infer that the acetabulum had a large

diameter. The sub-acetabular sulcus is large and clearly delineated, as it is on the Qafzeh

10 and 21 ischia, as well as on the La Ferrassie 6 ischium (Heim, 1982b; Tillier, 1999).

Among recent children up to 6 years old, the sub-acetabular sulcus is weakly formed and

absent in three-quarters of the specimens (Majó, 2000).

The Left Ischium
The left ischium of Lagar Velho 1 is seriously damaged, consisting of four fragments

put together in anatomical position. In dorsal view, the body of the ischium is very large

despite the eroded surface bone, and this impression is accentuated by the postmortem
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FIG. 28-4 – Comparison of the internal (pelvic) surfaces of the left

ilium of Lagar Velho 1 with the left ilium of a recent child of a

similar developmental age. Above: Lagar Velho; below: Cognac

Saint-Martin 357.



deformation. The cranial extension of the ischial body consists of the acetabular subchon-

dral bone; its surface was modified but the damage does not appear to have affected its

dimensions. The ischial tuberosity is moderately rotated laterally compared to recent human

children, a pattern seen generally in Late Pleistocene adult ischia (Matiegka, 1938; Trinkaus,

1996).The sub-acetabular sulcus is larger and shallower than the right one, as a result of the

postmortem deformation.

The Right Pubic Bone (Figs. 28-2 and 28-5)

The right pubic bone of Lagar

Velho 1 is relatively short (mediolat-

erally) and robust with little damage

to its superior ramus; the ischiopu-

bic ramus portion is lacking. The

acetabular margin is partially absent.

The symphysis is well preserved

superiorly, and this permits mea-

surements of its superior ramus

length. The obturator sulcus is wide

and has little depth. It is difficult to

compare the shape of this sulcus

with those of other Late Pleistocene

and recent immature pelves, given

the subjectivity of most categories

for its description. In any case, the

pubic bone of Lagar Velho 1 is rela-

tively short compared to those of

both Late Pleistocene and recent

children of similar age, especially with respect to the dimension of the similarly aged La

Ferrassie 6 Neandertal (Tompkins and Trinkaus, 1987; Majó, 1995) (see below).

Pelvic Metric Comparisons

The state of preservation of the Lagar Velho 1 pelvic remains limits the number of stan-

dard osteometrics that can be taken (Table 28-1). Metric comparisons of the pelvic data of

Lagar Velho 1 are also limited by the available data from both fossil and recent immature

pelvic remains. The fossil, as well as recent human archeological material, is constrained by

the lack of absolute ages-at-death (Nelson and Thompson, 1999). Moreover, the metrics

used are frequently non-standardized which leads to an incompatibility of results across

studies (e.g., Weaver, 1980). In addition to the analysis of Florkowski and Kozlowski (1994),

which used four overall pelvic element dimensions on a sample of over 200 immature spec-

imens, there are a number of studies (e.g., Merchant and Ubelaker, 1977; Sundick, 1979;

Hoppa, 1992; Saunders et al., 1993; Humphrey, 1998) which provide only the breadth of the

ilium, a value which is not preserved on the Lagar Velho 1 specimen. There are other stud-

ies which provide some relevant data (e.g., Bru
0
žek and Šoustal, 1984; Miles and Bulman,

1995; Majó, 2000), but the data are not always in a useable format.
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FIG. 28-5 – Caudal views of the right pubic bones of Lagar Velho 1 (above)

and Cognac-St. Martin 357 (below).



Table 28-1
Osteometrics of the Lagar Velho 1 pelvic bones, in millimeters. Measurement
definitions from Fazekas and Kosa (1980), Schutkowski (1990), Majó (1992, 2000),
Duday et al. (1995) and Tillier (2000). Estimates in parentheses.

Right Left

Ilium

ILM-01 Maximum height of the ilium (64-67) –

ILM-07 Anteroposterior diameter across the acetabulum (30-35) –

ILM-08 Internal-external diameter at the acetabulum (23.0) –

ILM-15 Distance from the anterior superior iliac spine to the superior auricular surface 45.9 –

ILM-17 Distance from the ant. inf. iliac spine to the maximum depth of the greater sciatic notch – 29.2

ILM-18 Distance from the anterior inferior iliac spine to the superior auricular surface – 31.2

Ischium

ISC-01 Maximum height of the ischium 40.4 –

ISC-03 Sagittal diameter of the ischium 26.8 –

ISC-05 Maximum transverse diameter of the ischial tuberosity 9.2 –

Pubis

PUB-01 Maximum length of the pubis (30.0) –

PUB-02 Height of the acetabular end of the pubis (15.5) –

PUB-04 Minimum height of the superior pubic ramus (9.0) –

PUB-05 Ventrolateral diameter of the superior pubic ramus 7.2 –

Table 28-2 provides a comparison of the Lagar Velho 1 pelvic dimensions to those of the

two La Ferrassie Neandertal children and the two Qafzeh early modern human children, as

well as values from a couple of recent human series. With the exception of the values for the

very young La Ferrassie 8 specimen, Lagar Velho 1 falls well within the ranges of variation

of the other fossils and the reference samples.

Table 28-2
Comparative metrics for immature pelvic remains (in millimeters). 

Lagar La Ferr. 8 La Ferr. 6 Qafzeh 21 Qafzeh 10 Recent 1 Recent 2 Recent 2

Velho 1

Age (yrs) 4.5 - 5.0 ca.2 3 - 5 ca.3 ca.6 3 - 6 2 - 4 4 - 6

Ilium

ILM-01 (64-67) 46.7 – 56.6 70.3 61.9 ± 5.1 (9) 62.5 ± 4.3 (53) 73.1 ± 2.9 (39)

ILM-07 (30-35) 20.4 – 28.3 37.9 28.9 ± 3.1 (8) – –

ILM-08 (23.0) 16.6 22.7 20.6 – 23.8 ± 2.8 (9) – –

ILM-15 45.9 20.8 – 41.9 47.3 44.7 ± 3.6 (8) – –

ILM-17 29.2 21.2 30.5 31.5 40.9 30.8 ± 2.8 (7) – –

ILM-18 31.2 22.1 28.6 29.7 37.1 33.1 ± 4.0 (6) – –

Ischium

ISC-01 40.4 – – 39.5 46.9 41.4 ± 3.6 (6) 39.2 ± 2.0 (30) 45.6 ± 2.5 (32)

ISC-03 26.8 – – 36.4 33.0 28.3 ± 3.5 (6) – –

ISC-05 9.2 – 12.1 11.5 12.6 10.3 ± 1.6 (7) – –

Pubis

PUB-01 (30.0) – 36.7 32.2 40.0 32.0 ± 3.2 (7) 33.9 ± 2.5 (20) 38.2 ± 2.5 (19)

PUB-02 (15.5) – – 15.5 19.0 16.1 ± 2.1 (5) – –

PUB-04 (9.0) 5.5 8.7 8.9 10.6 8.0 ± 0.9 (7) – –

PUB-05 7.2 4.5 6.6 7.1 9.0 8.2 ± 0.7 (7) – –

For measurement definitions, see Table 28-1. La Ferrassie, Qafzeh and Recent 1 (European) data from Tillier (1999); 

Recent 2 (European) data from Florkowski and Kozlowski (1994). Mean ± standard deviation (N) provided for the recent

human samples. 
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The comparisons of the pelvic element dimensions have been done using z-scores

[(fossil value — reference sample mean) / S.D.]. Comparisons with a small sample of

recent immature pelvic remains between the ages of 3 and 6 years (Tillier, 1999) (Table

28-3) shows that the Lagar Velho 1 values differ little from the recent human sample. If

one agrees that the scatter of the z-scores provides, after a fashion, a measure of the over-

all proportions of the pelvic remains relative to those of the reference sample, the maxi-

mum difference between the z-scores of Lagar Velho 1 (1.16 and -0.69) of 1.85 standard

deviations is little divergent from the recent human sample. In contrast, the value for

Qafzeh 21 is greater (3.50s), and the Qafzeh 10 value is between these two (2.23s). The two

Neandertal children provide values similar to those of the Qafzeh individuals, with La

Ferrassie 6 providing a value of 2.61s and La Ferrassie 8 furnishing a maximum differ-

ence of 3.90s; the latter value, however, may be affected by the relatively younger age of

that individual.

Table 28-3
Z-scores for the immature fossil pelvic remains relative to the “Recent 1” (European)
data from Tillier (1999).

Lagar Velho 1 La Ferrassie 8 La Ferrassie 6 Qafzeh 21 Qafzeh 10

Age (yrs) 4.5 - 5.0 ca.2 3 - 5 ca.3 ca.6

Ilium

ILM-01 0.71 -2.98 – -1.04 1.65

ILM-07 1.16 -2.74 – -1.19 2.9

ILM-08 -0.29 -2.57 -0.39 -1.14 –

ILM-15 0.33 -6.64 – -0.78 0.72

ILM-17 -0.57 -3.43 -0.11 0.25 3.61

ILM-18 -0.48 -2.75 -1.13 -0.85 1.00

Ischium

ISC-01 -0.28 – – -0.53 1.53

ISC-03 -0.43 – – 2.31 1.34

ISC-05 -0.69 – 1.13 0.75 1.44

Pubis

PUB-01 -0.63 – 1.47 0.06 2.50

PUB-02 -0.29 – – -0.29 1.38

PUB-04 1.11 -2.78 0.78 1.00 2.89

Comparisons of the overall proportions of the ilium, ischium and pubis to the larger

sample of Florkowski and Kozlowski (1994) show that the pelvic proportions of Lagar Velho

1 are closer to those of the recent children between the ages of 2 and 4 years than to those

of recent children between the ages of 4 and 6 years (Table 28-4). In particular, its pubic

length is relatively short if nonetheless within two standard deviations of the recent human

2 to 4 year old sample; in contrast all three of its overall pelvic dimensions and especially its

pubic length are below two standard deviations of the 4 to 6 year old sample. Therefore, the

Lagar Velho 1 pelvis is relatively small compared to similarly aged individuals from this

recent human reference sample, and this applies in particular to its pubic length. It is like-

ly that this is but one reflection of its apparently overall small size relative to recent human

children of similar developmental age (Chapter 25).

The two Neandertal immature pelves appear moderately small compared to similarly

aged individuals in the recent human sample, especially the younger La Ferrassie 8 ilium.

However, the La Ferrassie 6 pubis is intermediate between what would be expected for the
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younger 2 to 4 year old recent humans and the older 4 to 6 year old recent humans. The two

Qafzeh specimens are generally similar to similarly aged recent humans.

An index of pubic to iliac proportions can be computed for Lagar Velho 1 and three of

the other fossil specimens using pubic length (PUB-01) and the distance from the anterior

inferior iliac spine to the superior auricular surface. The resultant index is 96.2 for Lagar

Velho 1. Qafzeh 21 and 10 provide indices of 108.4 and 107.8 respectively, whereas La

Ferrassie 6 provides a much higher one of 128.3. The ratio of the recent human 3 to 6 year

old means is 96.7. In addition, an index of pubic length to femoral maximum intermeta-

physeal length is ca.15.1 for Lagar Velho 1, ca.16.6 for Qafzeh 10 and 22.1 for La Ferrassie 6.

Therefore, the relative elongation of the pubis in La Ferrassie 6 previously noted (Tompkins

and Trinkaus, 1987) is supported by these data, and Lagar Velho 1 has an absolute and a rel-

ative pubic length which is most similar to those of early and recent immature modern

humans. Given the mediolaterally relatively long pubic bones of Neandertals (Trinkaus,

1984b; Rosenberg, 1988) and earlier archaic Homo (Rosenberg et al., 1999; Arsuaga et al.,

1999) and the relatively shorter ones of early modern humans (especially Gravettian early

modern humans) (Trinkaus, 1984; Hublin et al., 1998; Sládek et al., 2000), these compar-

isons of immature Late Pleistocene pubic proportions both indicate the moderately early

appearance of these proportions during development and the affinities of Lagar Velho 1 to

the early modern humans in this feature.

Table 28-4
Z-scores for the immature fossil pelvic remains relative to the “Recent 2” (European)
data from Florkowski and Kozlowski (1994) for ages 2-4 years / for ages 4-6 years.

Lagar Velho 1 La Ferrassie 8 La Ferrassie 6 Qafzeh 21 Qafzeh 10

Age (yr

Ilium

ILM-01 0.70 / -2.62 -3.67 / -9.10 – -1.37 / -5.69 1.91 / -0.97

Ischium

ISC-01 0.60 / -2.08 – – 0.15 / -2.44 3.85 / 0.52

Pubis

PUB-01 -1.56 / -3.28 – 1.12 / -0.60 -0.68 / -2.40 2.44 / 0.72

Summary 

The pelvis of Lagar Velho 1, despite its state of preservation, presents several features

seen in other immature fossil pelves. These consist of a general robusticity and marked

surface relief of the bones, most likely related to an elevated activity level of the individual.

The overall dimensions of the pelvis are relatively small compared to recent Europeans of

a similar developmental age, which could indicate either a generally small individual com-

pared to the reference samples or a general relative delay in development. Given the dearth

of pathological indicators for chronic developmental stress (Chapter 31), the former seems

more likely (Chapter 25).
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chapter 29 | The Lower Limb Remains
❚ ERIK TRINKAUS ❚ CHRISTOPHER B. RUFF ❚ FRANCISCO ESTEVES ❚

❚ JOSÉ MANUEL SANTOS COELHO ❚ MANUELA SILVA ❚ MANUELA MENDONÇA ❚ 

The lower limb remains of Lagar Velho 1 are exceptionally complete for a Late

Pleistocene juvenile human, since almost every bone that should have been ossified by the

fifth year of life postnatal is preserved on at least one side and many of them are virtually

intact. The bones which are best preserved are the right femur, the left tibia and fibula, and

the right foot bones. The other long bones suffered some crushing and loss of small frag-

ments, and the left foot was disturbed in situ such that only a subset of the elements was

recovered. The portions that permit assessment of bilateral asymmetry show a high degree

of symmetry, indicating that the preserved side (when only one side is available for a mor-

phological characteristic) should be representative.

Late Pleistocene juvenile lower limb comparative data are scattered and few, and they

consist in large part of those from a few Neandertal specimens (Cova Negra 3, Dederiyeh 1

and 2, La Ferrassie 6, Roc de Marsal 1 and Teshik-Tash 1) and three Qafzeh-Skhul speci-

mens (Qafzeh 10 and Skhul 1 and 8) (Sinel’nikov and Gremyatskij, 1949; Heim, 1982b;

Madre-Dupouy, 1992; McCown and Keith, 1939; Tillier, 1999; Arsuaga et al., 2001a; Kondo

and Dodo, 2002; Kondo and Ishida, 2002; Trinkaus, pers. observ.). Data for European early

Upper Paleolithic juvenile lower limb bones are limited to the Mladeč 102 partial femoral

diaphysis, and some data are available for the early adolescent Sunghir 2 remains

(Kozlovskaya and Mednikova, 2000) and the east Asian early modern human juvenile

Yamashita-cho 1 (Suzuki, 1983; Trinkaus and Ruff, 1996).

Cross-Sectional Geometric Measurements

In addition to qualitative morphological description and linear morphometrics, it is

appropriate to analyze long bone diaphyses in terms of their cross-sectional geometry. Such

evaluations provide not only a more comprehensive characterization of diaphyseal propor-

tions, but also measurements that are biomechanically relevant (Ruff, 2000a). For this rea-

son, the long bone diaphyses of Lagar Velho 1 have been analysed in terms of their cross-sec-

tional geometric properties at several locations.

The cross-sectional geometric properties of all long bone diaphyses of Lagar Velho 1 were

determined through computed tomographic (CT) scanning, combined with image analysis soft-

ware. A Picker PQ 5000 scanner, housed in the Serviço de Radiologia, Hospital de Curry Cabral

in Lisbon, was used for these scans. A scan field size of 24 cm and a bone reconstruction algo-

rithm were employed, yielding a true resolution of 0.3 mm. Initial trial scans were carried out

on a series of cylindrical phantoms of known dimensions made of bone-equivalent epoxy resin

(Ruff and Leo, 1986), as well as adjacent to two natural transverse sections (proximal femur and

mid-ulna) of the Lagar Velho 1 specimen itself. These were used to determine optimal image dis-

play settings for the specimen, which were: window center = 300H, window width = 600H.

These settings are actually fairly low compared to fresh (autopsy) bone (Ruff and Leo, 1986), and

they are about equivalent to those for recent archeological material (Ruff, pers. observ.). 
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All Lagar Velho 1 long bones were then set up in standardized (“anatomical”) orienta-

tions (Ruff, 2000c), using cut foam pieces to stabilize them, and scanned transversely from

the distal to the proximal ends at 1 mm intervals. “Biomechanical” lengths were determined

as described in detail elsewhere (Ruff, 2000c) — these are basically interarticular lengths,

except for the femur, where the proximal landmark is the superior surface of the femoral

neck (also see Ruff and Hayes, 1983). Cross-sectional images were identified at 20%, 35%,

50%, 65%, and 80% of biomechanical length (plus 40% of biomechanical length in the

humerus) and used for the present analyses. Hard copies of the images were scanned on a

flatbed scanner with a transparency adapter, and imported into NIH Image version 1.62. 

A custom-modified macro (“Momentmacro”) was used to calculate cross-sectional proper-

ties from these images, including areas and second moments of area (see Table 29-4 for a

full list of properties). 

Percent cortical area (%CA) was calculated as ((cortical area / total periosteal area) x 100).

Section moduli, which measure bending and torsional strength, were calculated as second

moments of area divided by maximum perpendicular distance from the relevant neutral

axis to the outermost edge of the section (Ruff, 2000c). For comparative analyses, section

moduli were re-calculated as second moments of area divided by half the relevant diame-

ter; this was done because comparative data, which were derived from several sources (see

below), did not include the maximum perpendicular distances. The latter distances aver-

aged about 4% greater than the half diameters in comparisons between Lagar Velho 1 sec-

tions where both were measured (thus, section moduli averaged about 4% greater using

the half diameters). Section moduli were calculated in anteroposterior and mediolateral

planes, and for the polar second moment of area (J) (using the average of anteroposterior

and mediolateral half diameters); this last parameter measures torsional strength or twice

the average bending strength in all planes. These three parameters are referred to as Zx, Zy,

and Zp, respectively. Properties were averaged for all sections where both right and left

sides could be measured. Data for the femora are listed in Table 29-4, and for the tibiae in

Table 29-7; additional data for the fibulae, which are presented but not analyzed, are pro-

vided in Table 29-9.

Comparative cross-sectional data were obtained for several Late Pleistocene juvenile

specimens, including four Neandertals: La Ferrassie 6 (femur, tibia; 3-5 yrs), Teshik-Tash 1

(femur; 8-10 yrs.), Dederiyeh 1 (femur, tibia, humerus; 2 yrs.), and Dederiyeh 2 (femur, tibia;

2 yrs.); and five early moderns: Qafzeh 10 (femur; 6 yrs.), Skhul 1 (femur, tibia, humerus; 4-

5 yrs.), Skhul 8 (femur, tibia, 8-10 yrs.), Mladeč 102 (femur; 3-5 yrs.), and Yamashita-cho 1

(femur, tibia; 6 yrs.). Some of these specimens have been included in previous analyses (La

Ferrassie 6, Teshik-Tash 1, Skhul 8, Yamashita-cho 1) (Ruff et al., 1994; Trinkaus and Ruff,

1996). The data for Dederiyeh 1 and 2 were kindly provided by Dr. Osamu Kondo (Kondo

and Dodo, 2002; Kondo and Ishida, 2002). When properties had been measured on both

right and left sides, they were averaged for comparisons. 

In addition, cross-sectional data were available for three modern juvenile samples:

Pecos Pueblo Amerindians (femur, tibia, humerus; only 5-9 yrs used here, N = 8) and a late

19th century French sample (femur; 2.7-7 yrs, N = 11) (Ruff et al., 1994; Trinkaus and Ruff,

1996), as well as the Denver Growth Study sample described in Chapter 25 (femur,

humerus; only 4-5 yrs or 3-4 yrs used here [see below], N =20). Data for the femoral and tib-

ial midshafts (of biomechanical length) are compared here. Data for the humerus are com-

pared in Chapter 30. Comparative cross-sectional images were obtained using a variety of

methods, including CT scanning, multiplane radiography combined with external molding,

and photographing of natural sections (see above references for details). Cross-sectional data
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for the Denver sample were obtained from anteroposterior radiographs, as described in

Chapter 25. A circular cross section was thus assumed for calculation of areas and the polar

second moment of area and section modulus in this sample (using geometric formulae —

see Runestad et al., 1993). This assumption is justified in that midshaft regions of femora

(and humeri) in this age range are almost circular on average, as shown below and in

Chapter 30. The Denver sample could not, therefore, be included in comparisons of antero-

posterior to mediolateral bending strengths. Only the Pecos sample was available for tibial

comparisons. 

The Femora

The femora preserve portions of all six elements (Figs. 29-1 to 29-3; Tables 29-1 and

29-2). The two intermetaphyseal bones are largely complete, with both having sustained

damage to the distal portions and the right one lacking portions of the midshaft posterior

surface. All four epiphyses are present, and the right proximal one and the left distal one

are present with only minor damage. There is no apparent distortion except for the trivial

amounts associated with the reassembly of the distal intermetaphyseal regions.

FIG. 29-1 – Anterior view of the femora, with the epiphyses

adjacent to the metaphyses. Scale in centimeters.

FIG. 29-2 – Posterior view of the femoral diaphyses and

metaphyses. Scale in centimeters.
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The Proximal Epiphyses

The head epiphyses are unremarkable for a juvenile (Fig. 29-1). They are both superi-

orly bulbous, the right one being more irregular along its subchondral bone. The epiphyseal

surface of the right one is flat to concave, whereas the left one is largely flat.

The Proximal Metaphyses

The head metaphyseal surface is preserved best on the right femur (Fig.. 29-4). It is

deeply sculpted for the head epiphyseal cartilage, and it curves around and projects anteri-

orly and anteromedially. 

FIG. 29-3 – Medial and lateral views of the femoral diaphyses and metaphyses. Scale in centimeters.
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The surfaces of the necks are primarily cortical bone, with subchondral bone present only

on the proximal surface, narrowing where the capitular and greater trochanteric epiphyseal car-

tilages approached each other. The neck cross section is strongly convex inferomedially, flat to

trivially concave anteriorly, and superiorly and posteriorly convex with a rounded angle between

them. The diameters of the necks (Table 29-1) indicate that they are slightly higher than deep. 

Table 29-1
Metaphyseal and epiphyseal osteometrics of the Lagar Velho 1 femora, in
millimeters and degrees.

Right Left

Proximal (head) epiphysis maximum thickness 10.5 10.3

Proximal (head) epiphysis maximum diameter 20.2 –

Head metaphysis anteroposterior diameter (21.5) –

Head metaphysis mediolateral breadth 22.0 –

Neck anteroposterior diameter 14.7 14.2

Neck proximodistal diameter 16.4 16.3

Greater trochanter metaphysis anteroposterior diameter 23.5 –

Neck-shaft angle, relative to proximal diaphysis:

Metaphyseal surface 124° 123°

Neck midline 133° 134°

Neck-shaft angle, relative to whole diaphysis:

Metaphyseal surface 128° 125°

Neck midline 137° 136°

Metaphyseal anteversion angle (0°) (5°)

Distal metaphysis anteroposterior diameter (lateral) – (23.0)

Distal metaphysis mediolateral diameter – (44.0)

Metaphyseal bicondylar angle 8° 8°

Distal (condylar) epiphysis medial anteroposterior diameter – 19.6

Distal (condylar) epiphysis lateral anteroposterior diameter 21.9 22.4

Distal (condylar) epiphysis maximum breadth – 40.6

Distal (condylar) epiphysis medial proximodistal thickness – 12.6

Distal (condylar) epiphysis lateral proximodistal thickness 12.5 12.3

The neck-shaft angles, depending upon what technique is employed for measurement,

vary around 130° (Table 29-1). This value is close to those for the Neandertal juvenile La

Ferrassie 6 (125° for the metaphysis and 128° for the mid-neck), Roc de Marsal 1 (130°) and

Cova Negra 3 (ca.125°-130°), and slightly above those for the older Teshik-Tash 1 (mid-neck:

128°; metaphysis: 124°). It is also close to the mid-neck value of 131° for Skhul 1, but it is well

below the mid-neck value of 140° for Qafzeh 10. There are no European early modern

human juvenile femora which provide this angle, but the east Asian early modern human

FIG. 29-4 – Proximal view of the right femoral metaphyseal surface (left), and proximal and distal views of the left distal femoral

epiphysis. Scale in centimeters.
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Yamashita-cho 1 juvenile femur provides a mid-neck angle of 136°. These values are there-

fore generally similar to each other, with the exception of Qafzeh 10, and Lagar Velho 1 is

unremarkable among these Late Pleistocene juveniles. This is not surprising, since most late

archaic and early modern human adult femora have generally similar femoral neck-shaft

angles, the one exception being the Qafzeh-Skhul sample with its abnormally high values

(Trinkaus, 1993b, 2000c). 

Given that neck-shaft angles normally decrease during the first decade of life to reach

adult values during adolescence, and that their degree of decrease reflects overall activity pat-

terns (or lower limb loading levels) [Anderson and Trinkaus (1998) and references therein],

the neck-shaft angles of Lagar Velho 1 indicate two things. First, they demonstrate that load-

ing levels at the hip were well within normal levels for an early Upper Paleolithic juvenile

human as a result of normal locomotor development, and second, that the level of activity of

this juvenile was similar to that of other earlier Upper Paleolithic juveniles.

The posteroanterior radiograph of the proximal femoral metaphyses (Fig. 29-5) reveals

(especially on the better preserved right femur) the clear formation of the standard trabecu-

lar bundles, including the medial trabecular bundle running tangentially to the inferior neck

cortical bone and across the head metaphyses to meet the metaphyseal surface perpendicu-

larly, as well as the arching trabeculae from the lateral greater trochanter to the medial head

metaphysis. Since these trabeculae form in this regular pattern only in response to normal

locomotor loading of the hip region (Townsley, 1948), this provides further indication of the

locomotor health of this individual.

The greater trochanter metaphyses are moderately rugose, concave posterolaterally and

convex anteromedially. They project anteriorly to form a shelf over the proximal shaft but are

FIG. 29-5 – Posteroanterior radiograph of the proximal femoral metaphyses, taken perpendicular to the plane of the proximal

diaphysis and neck.
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rounded onto the surface. The left lesser trochanter metaphyseal surface is abraded and the

right one is damaged, but sufficient portions of the right one remain to indicate that it was large-

ly flat and formed a distinct raised lip extending ca.2.5 mm along the medial and distal edges.

The degree of anteversion has been estimated at 0° and 5° relative to the distal meta-

physeal surface. These are relatively modest values compared to those of recent human juve-

niles (Fabry et al., 1973).

The Diaphyses

The femora present a symmetrical diaphyseal curvature which appears (Figs. 29-1 to 29-

3 and Figs. 29-6 and 29-7; Table 29-2) as an anterior curvature with the maximum point near

midshaft and an associated medial curvature. The curvature is in reality a single one that is

anteromedially convex in a plane about 30° from the coronal plane of the bone. The anterior

curvature subtenses (4.5 and 6.0 mm) are similar to that of Roc de Marsal 1 (5.0 mm), above

that of La Ferrassie 6 (2.5 mm), and well above that of Skhul 1 (1.0 mm).

FIG. 29-6 – Posteroanterior radiograph of the femoral

diaphyses and metaphyses.

FIG. 29-7 – Mediolateral radiograph of the

femoral diaphyses and metaphyses.
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Table 29-2
Length and diaphyseal osteometrics of the Lagar Velho 1 femora, in millimeters.

Right Left

Intermetaphyseal lengths:

Maximum 198.0 199.0

To greater trochanter at diaphyseal axis 189.0 186.0

Bicondylar 197.0 198.0

To greater trochanter at diaphyseal axis 188.0 184.0

Maximum length, including epiphyses – 222.0

Biomechanical length1 – 202.0

Anterior diaphyseal curvature chord 148.0 148.0

Anterior diaphyseal curvature maximum subtense 4.6 6.0

Anterior diaphyseal curvature position (to proximal) 67.0 78.0

Subtrochanteric anteroposterior diameter2 13.0 12.9

Subtrochanteric mediolateral diameter 15.6 15.6

Subtrochanteric circumference 49.0 48.0

Midshaft anteroposterior diameter 13.8 (13.5)

Midshaft mediolateral diameter 14.1 14.8

Midshaft circumference 44.5 45.0

Gluteal tuberosity breadth3 5.4 5.3

Notes:
1 Length parallel to the diaphysis from the average distal projection of the condyles to the superior surface of the neck.
2 Subtrochanteric diameters taken at the maximum protrusion of the gluteal buttress.
3 Maximum diameter of the rugosity for the gluteus maximus muscle.

The anterior surfaces of the diaphyses are flat distal to the

trochanters and even slightly concave on the right side. They

are then evenly rounded mediolaterally through midshaft, lead-

ing onto the anteromedially flattened distal diaphyses in the

suprapatellar regions. There are two small pits in the right

suprapatellar fossa. The medial surfaces remain evenly round-

ed throughout the lengths of the diaphyses, neither one exhibit-

ing a spiral line proximally. The lateral diaphyseal surfaces have

a hint of a gluteal buttress proximally, but they even out to a

rounded lateral surface by the mid-proximal diaphysis and

remain that way to the distal end. The posterior surfaces, as pre-

served, are evenly rounded except for the raised linea aspera on

each one, flattening out without concavity in the popliteal areas.

The gluteal tuberosities are distinct muscle attachment

areas, each one evident as a long sulcus with raised medial

and lateral margins with a moderately rugose sulcal floor

(Fig. 29-8). Proximally the bone is raised up from the shaft

surface, but then becomes a sulcus below the level of the

lesser trochanter. There is no tubercle at the distal end, such

as is present on the La Ferrassie 6 and Roc de Marsal 1 femo-

ra. The breadths of the tuberosities (5.3 and 5.4 mm) are sim-

ilar to that for the La Ferrassie 6 femur (5.8 mm) and the

Skhul 1 femora (4.5 and 5.7 mm), but below the higher value

(8.8 mm) for the younger Roc de Marsal 1 femur.

FIG. 29-8 – Posterior view of the right proximal femoral diaphysis with the gluteal

tuberosity. Scale in centimeters.
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On the posteroproximal diaphyses of Lagar Velho 1, there is a raised line descending

from each lesser trochanter, rounded on the left but a small crest on the right. The linea

aspera on each side is formed of three lines proximally, which converge into a single broad

muscle attachment line near midshaft. Through midshaft, the linea aspera is little more than

a raised line with a shallow lateral sulcus and a smooth transition to the medial surface. The

lines then fade out distally. Each linea aspera is therefore a clear and prominent line, but there

is no indication of the formation of a pilaster, which is normal in a juvenile of this age.

The absence of a pilaster on the Lagar Velho 1 femora is indicated by its pilastric (mid-

shaft anteroposterior versus mediolateral diameters) indices of 97.8 and ca.91.2, for an aver-

age of 94.5. These values are similar to those of 93.5, 93.9 and 96.2 for Cova Negra 3, La

Ferrassie 6 and Roc de Marsal 1 respectively and the value of 94.7 for the older (8-10 year

old) Skhul 8 femur. The younger (ca.2 year old) Dederiyeh 1 and 2 femora provide indices

of 100.0 and 96.2 for the former and 103.0 for the latter. However, Qafzeh 10 (105.6) and

Skhul 1 (112.9) provide somewhat higher values. The older Teshik-Tash 1 femur has an index

of 100.0, and the east Asian Yamashito-cho 1 juvenile has one of 100.6. Given the marked

contrast between Neandertal and early modern human adults in the development of the

pilaster, with the latter generally presenting marked development of the bony ridge

(Trinkaus, 1976; Trinkaus and Ruff, 1999), it is of interest to determine when during devel-

opment this contrast may have emerged. These variable values for Neandertal and early

modern human pre-adolescent pilastric indices, most of them close to 100, suggest that the

adult patterns emerged during adolescence.

Log-log plots of femoral midshaft anteroposterior versus mediolateral section moduli

(bending strengths) are plotted in Fig. 29-9 (see also Table 29-4). Also shown is a theoreti-

cal line indicating equal anteroposterior and mediolateral bending strengths. All of the spec-

imens — Late Pleistocene and recent — fall close to this line, indicating almost equivalent

strengths in the two planes (In comparisons of least squares regressions, all groups are non-

significantly different in elevation.) Thus, the characteristically more mediolaterally but-

tressed femoral midshaft lacking a pilaster of

adult Neandertals (Trinkaus and Ruff, 1989,

1999; Trinkaus et al., 1998) does not appear

to be developed by 2-10 years of age. Lagar

Velho 1 falls in the middle of the data scatter.

On the distal portion of the posteromedi-

al right diaphysis, there is a shallow longitu-

dinal sulcus, ca.21 mm long and with its prox-

imodistal middle located ca.53 mm from the

distal metaphysis. There is no evidence for a

similar sulcus on the left diaphysis. The sul-

cus is 3.0 mm wide and ca.1 mm deep. The

floor of it is smooth, there is a clear but

smooth medial margin, and a slightly rugose

but rounded lateral margin is present. It is

not clear whether this irregularity in the dia-

physeal surface is the secondary consequence

of a lesion or merely a morphological irregu-

larity in the diaphysis; it is therefore consid-

ered as a morphological variant rather than a

diagnosable lesion.

FIG. 29-9 – Femoral midshaft anteroposterior (A-P) relative

to mediolateral (M-L) bending strengths (section moduli)

in Lagar Velho 1 and other Late Pleistocene and recent

juveniles. Star: Lagar Velho 1; large squares: Neandertals;

circles: early moderns; small squares: recent (Pecos and

French samples). Theoretical line with slope of 1.0 and

intercept of 0 is plotted.
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Robusticity comparisons of the femoral midshaft can be approximated using an index of

midshaft circumference to diaphyseal length. The average value for Lagar Velho 1 (23.9) is sim-

ilar to those of Qafzeh 10 (22.6) and Skhul 1 (23.7), but well below those of Roc de Marsal 1 (26.4)

and La Ferrassie 6 (29.3). The developmentally older, and therefore more linear (Ruff et al.,

1994), Teshik-Tash 1 femur has an index of 22.2. A temperate zone recent human sample pro-

vides indices of 22.0 ± 2.8 (N = 44). However, appropriate assessment of femoral diaphyseal

robusticity requires consideration of cross-sectional geometric parameters scaled against bone

length and body mass (Ruff et al., 1993; Ruff, 2000c). This is especially relevant since the Lagar

Velho 1 femora appear to have relatively thin cortical bone (Figs. 29-6 and 29-7; Table 29-3).

Table 29-3
Midshaft cortical thicknesses of the Lagar Velho 1 femora, parallax corrected from
anteroposterior and mediolateral radiographs (in millimeters).

Right Left

Anterior 2.2 2.0

Posterior 3.0 3.1

Medial 2.6 (2.7)

Lateral 2.7 2.9

Table 29-4
Cross-sectional geometric parameters of the Lagar Velho 1 femoral diaphyses. Areas
in mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.

Right Left

20% Total area 336.7 –

Cortical area 73.6 –

Medullary area 263.1 –

Anteroposterior second moment of area (Ix) 2313.0 –

Mediolateral second moment of area (Iy) 5206.3 –

Maximum second moment of area (Imax) 5206.9 –

Minimum second moment of area (Imin) 2312.4 –

Polar moment of area (J) 7519.3 –

Orientation of Imax (Theta) 0.8 –

Anteroposterior section modulus (Zx) 256.5 –

Mediolateral section modulus (Zy) 369.2 –

35% Total area 212.0 –

Cortical area 83.6 –

Medullary area 128.5 –

Anteroposterior second moment of area (Ix) 1920.2 –

Mediolateral second moment of area (Iy) 2640.9 –

Maximum second moment of area (Imax) 2640.9 –

Minimum second moment of area (Imin) 1920.2 –

Polar moment of area (J) 4561.1 –

Orientation of Imax (Theta) -0.4 –

Anteroposterior section modulus (Zx) 245.4 –

Mediolateral section modulus (Zy) 273.4 –

50% Total area 163.5 –

Cortical area 86.9 –

Medullary area 76.5 –

Anteroposterior second moment of area (Ix) 1556.7 –

Mediolateral second moment of area (Iy) 1790.7 –

Maximum second moment of area (Imax) 1894.6 –
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Table 29-4 [cont.]

Right Left

50% Minimum second moment of area (Imin) 1452.8 –

Polar moment of area (J) 3347.5 –

Orientation of Imax (Theta) -29.0 –

Anteroposterior section modulus (Zx) 219.8 –

Mediolateral section modulus (Zy) 225.4 –

65% Total area 148.4 148.9

Cortical area 88.1 90.0

Medullary area 60.3 58.9

Anteroposterior second moment of area (Ix) 1356.6 1401.8

Mediolateral second moment of area (Iy) 1589.9 1584.6

Maximum second moment of area (Imax) 1683.9 1710.9

Minimum second moment of area (Imin) 1262.6 1275.6

Polar moment of area (J) 2946.5 2986.5

Orientation of Imax (Theta) -28.2 -32.6

Anteroposterior section modulus (Zx) 198.9 203.4

Mediolateral section modulus (Zy) 218.7 221.9

80% Total area 161.2 161.7

Cortical area 91.0 88.7

Medullary area 70.2 73.0

Anteroposterior second moment of area (Ix) 1447.0 1454.0

Mediolateral second moment of area (Iy) 1908.0 1902.3

Maximum second moment of area (Imax) 1972.0 2010.1

Minimum second moment of area (Imin) 1383.0 1346.3

Polar moment of area (J) 3355.0 3356.3

Orientation of Imax (Theta) -19.3 -23.8

Anteroposterior section modulus (Zx) 208.4 209.6

Mediolateral section modulus (Zy) 239.6 241.5

This cortical thinness is demonstrated in Fig. 29-10, which shows percent cortical area

(%CA) of the femoral midshaft in Lagar Velho 1, the eight other Late Pleistocene juveniles,

and the three recent human samples. Lagar Velho 1 is below the range of the other Late

Pleistocene specimens and just at the lower limit of the ranges of two of the three recent

samples. The Neandertals tend to have relatively thick cortices, as noted previously (Ruff et

al., 1994; see also Arsuaga et al., 2001a), except for Dederiyeh 2 (lowest Neandertal data

point in Fig. 29-10; also see Kondo and Ishida, 2001), which is relatively close to Lagar Velho

1. The mean for the five early modern juveniles is almost identical to that for Neandertals,

which parallels the similarity in percent cortical area for adult femora from the same sam-

ples (Trinkaus and Ruff, 1999). Both groups are near-significantly larger (P < 0.10) in %CA

than the pooled recent sample (t tests). Both groups also show a relatively wide range of val-

ues. Percent cortical area reaches a minimum between 4 and 5 years of age in the Denver

sample, being slightly larger in infants and progressively increasing in older children and

adolescents, eventually reaching a mean of 80% in Denver “adults” (17 - 21 years). The two

highest points in Fig. 29-10 belong to the Neandertal Teshik-Tash 1 and the early modern

Skhul 8, the two oldest individuals in the Late Pleistocene sample (8-10 years); thus,

increased age may partly account for their high values relative to the other specimens.

Average femoral midshaft strength (polar section modulus) is plotted against femoral

intermetaphyseal length in Fig. 29-11 (Mladeč 102 and Skhul 8 are not included here

because their femoral length estimates are approximate). Both least squares (LS) and

reduced major axis (RMA) regression lines are fitted through the pooled recent sample.

Almost all of the Late Pleistocene specimens, including Lagar Velho 1, fall above the recent
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regressions, although generally within the

modern data scatter. Dederiyeh 2 is the one

exception, falling below all but one of the

modern specimens (from Pecos Pueblo).

Thus, these Late Pleistocene juvenile femora

are generally “robust” by the criterion of

strength versus bone length. However, as dis-

cussed elsewhere (Ruff et al., 1993; Trinkaus

et al., 1999; Ruff, 2000c), such comparisons

confound relative bone strength with relative

limb length to body mass proportions. Body

masses are available for the Denver sample,

and they can be calculated for a few of the Late

Pleistocene specimens from distal femoral

metaphyseal breadth and femoral length,

based on a multiple regression derived from

the Denver sample, as described in Chapter

25. Fig. 29-12 compares average femoral mid-

shaft strength with body mass x femoral

length, the mechanically appropriate “size”

parameter for bending/torsional strength comparisons (see Ruff, 2000c), in the Denver

sample, Lagar Velho 1, La Ferrassie 6, and Qafzeh 10. Because the Denver sample tends to

be of a larger body size than Late Pleistocene specimens of similar age, a slightly younger

sample of Denver 3.5-5 year-olds was used here (as was done in Chapter 25 for certain com-

parisons), although this sample is still above the size range for La Ferrassie 6. Both LS and

RMA regression lines are plotted through the Denver sample. However, the RMA line is

probably the more appropriate basis for comparison here, since: a) evaluation of La Ferrassie

6 involves extrapolation beyond the reference sample, for which RMA is much better suited

than LS (Aiello, 1992), and b) the RMA line has a slope nonsignificantly different from 1.0,

which is the theoretically expected line of equivalent bone strength relative to body size

(Ruff, 2000c). Relative to the RMA line, all three Late Pleistocene specimens are slightly

above average in strength compared to the Denver sample. This confirms results presented

earlier based on a different sample and slightly different method of analysis (Ruff et al.,

1994); they also conform to the pattern seen in Late Pleistocene mature femora, which are

similar across late archaic and early modern human samples and generally more robust, on

average, than recent human femora (Ruff et al., 2000). Lagar Velho 1 and La Ferrassie 6 are

almost perfectly “isometric” in strength, i.e., fall along a line with a slope of 1.0, while

Qafzeh 10 falls somewhat below this same line. Thus, the Lagar Velho 1 femora, despite

their relatively thin cortices (Fig. 29-10), appear to be as strong relative to body size as those

of other Late Pleistocene juveniles. 

Bilateral asymmetry in cross-sectional properties of the Lagar Velho 1 femora, where

both sides could be measured (the proximal two sections — see Table 29-4), is minimal,

with all differences between sides less than 3%. Data for recent and Late Pleistocene adults

(Ruff and Jones, 1981; Trinkaus et al., 1994) indicate somewhat greater lower limb asym-

metry on average, which could reflect the cumulative effects of bilaterally asymmetric use of

the limbs during particular behaviors (although not preferentially right or left “dominant” in

the lower limbs); any such effect might not be as apparent in young juveniles. This possi-

bility needs to be explored further in age series from the same populations.

FIG. 29-10 – Femoral midshaft percent cortical area in Lagar

Velho 1 and other Late Pleistocene and recent juveniles

(see text for list of specimens included). Horizontal lines

indicate sample means.
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The Distal Metaphyses

The distal metaphyses have both been damaged and reassembled, but the right one is

largely present and undistorted (Figs. 29-1 and 29-2). The metaphyseal surfaces are irregular

with bulbous lateral condylar areas. There is no rounding anteriorly for the patellar surface.

There is a modest rugosity of the posterior cortical bone just above the metaphyseal margin.

Both distal femora present a metaphyseal bicondylar angle of 8°, measured between the

tangent to the distal metaphysis and the distal diaphyseal axis (Tardieu and Trinkaus, 1994).

Such a value is well within the ranges of variation of articular bicondylar angles for adult

recent and Late Pleistocene humans (none of whom differ significantly between samples),

is matched by the early adolescent KNM-WT 15000 H. erectus (8°) and above the values of 4°

and 5° for La Ferrassie 6 (Tardieu and Trinkaus, 1994). The Qafzeh 10 distal femur is dis-

torted, but it clearly had a bicondylar angle in the same range as these other immature Late

Pleistocene femora (Tillier, 1999).

Since the bicondylar angle (metaphyseal and articular) develops normally from 0° at

birth to adult values about 4-5 years of age, and only develops with normal human bipedal

locomotor loading of the lower limb (Tardieu and Trinkaus, 1994), the presence of a clear

mature bicondylar angle in Lagar Velho 1 indicates age-appropriate normal development of

this region.

The Distal Epiphyses

The right distal epiphysis retains only the lateral condyle and the anterior margin,

whereas the left one is more complete (Fig. 29-4). The proximal surface of the right lateral

FIG. 29-11 – Femoral midshaft average strength (polar section

modulus) relative to femoral intermetaphyseal length in

Lagar Velho 1 and other Late Pleistocene and recent

juveniles (see text for list of specimens). Star: Lagar Velho

1; large squares: Neandertals; circles: early moderns; small

squares: recent (Pecos and French samples). Reduced

major axis and least squares lines are plotted through the

pooled recent sample (Pecos, French, and Denver).

FIG. 29-12 – Femoral midshaft average strength (polar section

modulus) relative to the product of body mass and femoral

intermetaphyseal length in Lagar Velho 1 and other Late

Pleistocene and recent juveniles (see text for list of

specimens). Star: Lagar Velho 1; large squares: Neandertals;

circles: early moderns; small squares: recent (Pecos and

French samples). Reduced major axis and least squares

lines are plotted through the pooled recent sample (Denver).
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distal epiphysis is largely planar, whereas the left one is modestly concave above the condyles

and has a raised intercondylar area. There is no evidence of a concavity for the patellar sur-

face on the left side, but there is a hint of one on the right. The condylar surfaces are even-

ly bulbous with a clear intercondylar sulcus distally and, especially, dorsally. The left medial

thickness is minimally greater than the lateral thickness.

The Patellae

No trace of either patella was recovered in situ. Since the modern human patella nor-

mally begins ossification between 2 and 6 years postnatal (Scheuer and Black, 2000), either

the ossification was relatively late in Lagar Velho 1 or the small amount of ossified bone was

not sufficiently well preserved to be recognized as such during or after excavation. Given the

exceptional level of preservation of Lagar Velho 1, including that of the left proximal tibial

metaphysis and of the distal femoral and proximal tibial epiphyses, it is likely that the patel-

lae were not more than minimally ossified at the time of death.

The Tibiae

Lagar Velho 1 preserves one exceptionally intact intermetaphyseal bone (the left one)

and most of the right one with bone loss to the metaphyseal regions, plus one proximal and

two distal epiphyses (Figs. 29-13 to 29-16; Table 29-5).

FIG. 29-13 – Anterior view of the tibiae and fibulae, with the

epiphyses adjacent to the metaphyses. Scale in centimeters.

FIG. 29-14 – Posterior view of the tibial and fibular diaphyses

and metaphyses. Scale in centimeters.



449

chapter 29 | THE LOWER LIMB REMAINS

Table 29-5
Osteometrics of the Lagar Velho 1 tibiae, in millimeters and degrees.

Right Left

Medial intermetaphyseal length1 153.6 155.8

Lateral intermetaphyseal length1 156.1 156.1

Biomechanical length2 – 170.0

Midshaft anteroposterior diameter 15.4 15.3

Midshaft mediolateral diameter 13.4 13.1

Midshaft circumference 45.0 44.0

Distal minimum circumference 44.0 44.0

Proximal mediolateral diameter – 38.6

Proximal anteroposterior diameter – 23.0

Proximal metaphyseal surface anteroposterior diameter – 20.0

Proximal metaphyseal mediolateral horizontal angle – 90°

Medial metaphyseal retroversion angle – 11°

Lateral metaphyseal retroversion angle – 8°

Condylar displacement3 – 19.8

Anteroposterior diameter at tibial tuberosity4 20.1 18.9

Tibial tuberosity proximodistal length5 – 24.0

Tibial tuberosity proximal breadth6 – 15.5

FIG. 29-15 – Medial view of the tibial diaphyses and

metaphyses. Scale in centimeters.

FIG. 29-16 – Lateral view of the tibial and fibular diaphyses and

metaphyses. Scale in centimeters.
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Table 29-5 [cont.]

Right Left

Tibial tuberosity distal breadth7 – 5.8

Distal metaphyseal mediolateral diameter – (25.0)

Distal metaphyseal mediolateral horizontal angle8 – 82°

Proximal epiphysis maximum mediolateral diameter – 28.2

Proximal epiphysis maximum thickness – (12.0)

Distal epiphysis maximum anteroposterior diameter – 18.1

Distal epiphysis maximum mediolateral diameter 23.7 23.2

Distal epiphysis medial maximum thickness 6.9 6.3

Distal epiphysis lateral minimum thickness 4.6 5.0

Notes:
1 Medial and lateral intermetaphyseal lengths taken from the middle of each condylar metaphyseal surface to the middle

of the distal metaphyseal surface, parallel to the diaphyseal axis. 
2 Length parallel to longitudinal axis of the diaphysis from average proximal projection of plateau centers to center of

talar articular surface.
3 The anteroposterior distance, in the plane perpendicular to the diaphyseal axis, between the anterior tibial tuberosity and

the anteroposterior middle of the condylar metaphyseal surface. Adapted from the equivalent measurement (Trinkaus

and Rhoads, 1999) on mature tibiae between the tibial tuberosity and the anteroposterior middles of the condyles.
4 Maximum anteroposterior diameter between the tibial tuberosity and the dorsal diaphysis at the same proximodistal level.
5 Maximum length of the rugosity for the tibial tuberosity and its epiphysis.
6 Proximal maximum breadth of the rugosity for the tibial tuberosity.
7 Distal minimum breadth of the rugosity for the tibial tuberosity.
8 Angle in the coronal plane of the tibia between the distal metaphysis and the diaphyseal axis, in which an angle less

than 90° indicates a medial deviation of the metaphysis.

The Proximal Epiphysis

The left proximal epiphysis has an undulating but largely flat metaphyseal surface, with

a raised mid-posterior portion to conform with the shape of the metaphysis. The articular

surface is largely flat.

The Proximal Metaphyses

The left proximal metaphysis is complete, but the right one retains only the posterior mar-

gin. However, in its preserved portions. the right metaphysis is symmetrical with the left one.

The left metaphysis is gently undulating, largely in one plane, rising slightly antero-

medially and rounding distally posteromedially and laterally. There is a modest depression

along the posterior midline, ca.6 mm wide by ca.8 mm deep. Anteriorly along the midline,

the metaphysis slopes ca.30° anterodistally towards the tibial tuberosity. The medial side is

strongly projecting medially, and there is a modest posterolateral projection of the surface

with a slight distal lip to the margin. 

The metaphyseal surface is at a right angle (90°) to the diaphyseal axis in the coronal

plane of the bone, indicating that the knee articulation was close to horizontal, and that the

femoral orientation is accurately indicated by its bicondylar angle. The medial metaphyseal

retroversion angle is 11°, which is within the range of variation of the articular retroversion

angles known for Late Pleistocene humans and non-industrial recent humans, albeit at the

low end of that range (Trinkaus, 1975a; Trinkaus and Rhoads, 1999). Since the development

of the angle reflects loading levels and patterns, and especially the former, its clear presence

in Lagar Velho 1 indicates normal metaphyseal development and reasonably elevated force
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levels across the knee. The only other Late Pleistocene juvenile preserving the tibial plateau,

the Yamashita-cho 1 early modern human, preserves only the lateral condylar metaphysis

which shows little retroversion.

The tibial tuberosities are bilaterally preserved and similar. They are transversely largely flat

(the right one is slightly more convex), vertically concave proximally and vertically convex distal-

ly. The more proximal portions are rugose, whereas the more distal portions are smooth with

fine vertical striae. The left one tapers distally (Table 29-5). The Lagar Velho 1 tibial tuberosities

are notable primarily for their projection anteriorly relative to the condylar metaphysis, or more

appropriately, the combination of a projecting tuberosity and the posterior displacement of the

condylar metaphysis (Figs. 29-15 and 29-16). This degree of condylar displacement, which would

augment the power arm for quadriceps femoris, parallels that seen in more robust recent

human, Late Pleistocene early modern human and especially Neandertal adult tibiae (Trinkaus

and Rhoads, 1999). Unfortunately, European early modern human juvenile tibiae are unavail-

able for comparison, but the Yamashito-cho 1 juvenile tibia shows little of the condylar displace-

ment evident in Lagar Velho 1. It is therefore not possible to assess whether this condylar dis-

placement distinguishes Lagar Velho 1 relative to one or the other of the Late Pleistocene com-

parative samples, but it nonetheless indicates an elevated level of robusticity.

The Diaphyses

The diaphyses are highly symmetrical, except for minor metrical differences. The anteri-

or crest is a clear open angle, which extends from the distal tuberosity to the distal minimum

circumference level, 115 mm distal of the proximal metaphysis on the left bone. The antero-

medial surface is gently convex the entire length of the diaphysis. The anterolateral and lateral

surfaces are also gently convex, and there is no trace of either interosseus line. The posterolat-

eral angle is very rounded except at the level of the tuberosity, where it forms a rounded right

angle. The posteromedial margin forms an

acute angle, but it too remains rounded for the

length of the bone. The posterior surface is

transversely flat proximally and then convex

through the middle and distal shaft.

The left soleal line is evident as a slight

excavation of the surface up to 1.4 mm wide

for a distance of ca.22 mm, with its distal end 

41.5 mm distal of the proximal metaphyseal

surface. It does not reach the medial side, and

there is no trace of it along the posteromedial

margin. There is a single nutrient foramen on

the left tibia (the right one is insufficiently

preserved in the same region), which is just

posterior of the posterolateral corner, located

38.5 mm distal of the proximal metaphyseal

surface. It forms a deep sulcus 1.7 mm wide

and 4.2 mm long.

The midshaft diameters of the Lagar

Velho 1 tibiae provide indices (anteroposterior

versus mediolateral diameters) of 114.9 and

FIG. 29-17 – Tibial midshaft anteroposterior (A-P) relative 

to mediolateral (M-L) bending strengths (section moduli)

in Lagar Velho 1 and other Late Pleistocene and recent

juveniles. Star: Lagar Velho 1; large squares: Neandertals;

circles: early moderns; small squares: recent (Pecos and

French samples). Theoretical line with slope of 1.0 and

intercept of 0 plotted.



452

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

116.8. These are similar to those of the similarly aged La Ferrassie 6 (113.3) and Skhul 1

(112.9) but below those of the older Skhul 8 (131.3) and Sunghir 2 (142.1). It is 113.5 for

Yamashita-cho 1.

Fig. 29-17 presents tibial midshaft anteroposterior to mediolateral bending strengths

for Lagar Velho 1, six Late Pleistocene juveniles and the Pecos juvenile sample, along with a

theoretical line representing equivalent strengths in the two planes (see Table 29-7). All

specimens fall slightly above the line, indicating increased anteroposterior relative to medi-

olateral bending strength. Dederiyeh 2 is somewhat of a high outlier in this regard, but on

the whole there is no apparent difference in tibial midshaft cross-sectional shape between

Neandertals, early moderns, and the recent Pecos sample. Lagar Velho 1 is slightly on the

low side but falls within the same general distribution. 

An index of robusticity (midshaft circumference versus mean intermetaphyseal

length) is 28.6 for Lagar Velho 1, which approaches that of La Ferrassie 6 (31.8) and is above

that of Skhul 1 (24.7). The last is close to the mean of a temperate zone recent human sam-

ple (24.9 ± 2.8, N = 43). However, as with the femora, the Lagar Velho 1 tibial diaphyseal

cortical bone appears relatively thin (Figs. 29-18 and 29-19; Table 29-6), and appropriate

assessment of its tibial diaphyseal robusticity should employ scaled diaphyseal cross-sec-

tional properties.

FIG. 29-18 – Anteroposterior radiograph of the tibial diaphyses and

metaphyses.

FIG. 29-19 – Lateromedial radiograph of the tibial

diaphyses and metaphyses.
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Table 29-6
Midshaft cortical thicknesses of the Lagar Velho 1 tibiae, parallax corrected from
anteroposterior and mediolateral radiographs (in millimeters).

Right Left

Anterior 3.4 4.0

Posterior 2.8 3.1

Medial 1.7 1.8

Lateral 2.2 2.9

Tibial midshaft %CA in Lagar Velho 1, the

six other available Late Pleistocene specimens,

and the Pecos juvenile sample are shown in

Fig. 29-20 (see Table 29-7). Comparative data

are more limited than for the femur, so con-

clusions are more tentative and no statistical

comparisons were carried out. As in the femur,

on the whole the Neandertal and early modern

samples, except again for Dederiyeh 2 (the low-

est point), lie in the upper range or above the

range of the recent Pecos sample. The oldest

Late Pleistocene specimen — Skhul 8 — is

again the highest data point. Lagar Velho 1 is

lower than any other Late Pleistocene speci-

men except Dederiyeh 2. However, relative to

these specimens and the recent Pecos sample,

the position of the Lagar Velho 1 tibiae is some-

what less extreme than with its femora (com-

pare with Fig. 29-10); it falls not far from the

Pecos mean value. 

Average tibial midshaft strength (polar section modulus) is plotted against tibial inter-

metaphyseal length in Fig. 29-21, with LS and RMA lines fit through the recent Pecos sam-

ple (Yamashita-cho 1 was not included here because the tibial length estimate is approxi-

mate). Several of the Late Pleistocene specimens are outside the tibial length range of the

recent sample, but except for Dederiyeh 2, it is apparent that the Neandertals and Lagar

Velho 1 all have relatively robust tibiae by this criterion, while the two early modern spec-

imens have less robust tibiae. However, it is clear from other analyses (see Chapter 25),

that the distribution of points in Fig. 29-21 is largely driven by differences in relative tib-

ial length to body size proportions, with Neandertals and Lagar Velho 1 having relatively

short tibiae and early moderns having relatively longer tibiae. Body mass estimates are

only available for two of these individuals — Lagar Velho 1 and La Ferrassie 6 — and no

recent comparative sample (other individuals either do not have a preserved femur, or in

the case of the Pecos sample, distal femoral mediolateral metaphyseal breadth was not

measured). Therefore, no graphical comparison of the appropriate (body mass x bone

length) “size” parameter could be carried out as in femora. However, in terms of biome-

chanical equivalence relative to this “size” parameter (isometry in log-log space), the Lagar

Velho 1 tibiae, despite their thinner cortices, are actually somewhat more robust than the

La Ferrassie 6 tibia. 

FIG. 29-20 – Tibial midshaft percent cortical area in Lagar

Velho 1 and other Late Pleistocene and recent juveniles

(see text for list of specimens). Horizontal lines indicate

sample means.
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Viewed in the opposite direction, the

high tibial robusticity values for Lagar Velho 1

and the Neandertals, as opposed to the more

moderate ones when femoral midshaft

strength is compared to length (Fig. 29-11),

confirm what was documented in Chapter 25.

Given that the general level of lower limb

robusticity, when appropriately scaled to bone

length times body mass, should be the same

for the proximal and distal limb segments,

these femoral and tibial values of midshaft

strength versus bone length only make sense

if both Lagar Velho 1 and the juvenile

Neandertals have relatively short tibiae.

As in the femur, bilateral asymmetry in

cross-sectional properties is relatively small in

the Lagar Velho 1 tibiae. Asymmetry in aver-

age bending/torsional strength is less than 5%

in the three sections where it can be assessed

(Table 29-7).

Table 29-7
Cross-sectional geometric parameters of the Lagar Velho 1 tibial diaphyses. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.

Right Left

20% Total area 192.4 184.4

Cortical area 56.8 57.5

Medullary area 135.7 126.9

Anteroposterior second moment of area (Ix) 1274.4 1297.0

Mediolateral second moment of area (Iy) 1720.1 1569.5

Maximum second moment of area (Imax) 1736.2 1641.9

Minimum second moment of area (Imin) 1258.3 1224.6

Polar moment of area (J) 2994.5 2866.6

Orientation of Imax (Theta) 10.6 24.6

Anteroposterior section modulus (Zx) 175.9 178.5

Mediolateral section modulus (Zy) 197.4 181.7

35% Total area 155.4 152.1

Cortical area 73.4 73.8

Medullary area 82.1 78.4

Anteroposterior second moment of area (Ix) 1343.0 1406.7

Mediolateral second moment of area (Iy) 1470.3 1324.8

Maximum second moment of area (Imax) 1602.5 1503.8

Minimum second moment of area (Imin) 1210.8 1227.7

Polar moment of area (J) 2813.2 2731.6

Orientation of Imax (Theta) 35.5 53.6

Anteroposterior section modulus (Zx) 182.2 181.9

Mediolateral section modulus (Zy) 195.8 183.3

50% Total area 160.8 156.4

Cortical area 89.1 88.5

Medullary area 71.7 67.9

Anteroposterior second moment of area (Ix) 1773.6 1812.2

Mediolateral second moment of area (Iy) 1569.9 1420.4

FIG. 29-21 – Tibial midshaft average strength (polar section

modulus) relative to tibial intermetaphyseal length in

Lagar Velho 1 and other Late Pleistocene and recent

juveniles (see text for list of specimens). Star: Lagar Velho

1; large squares: Neandertals; circles: early moderns;

small squares: recent (Pecos and French samples).

Reduced major axis and least squares lines plotted

through pooled recent sample (Pecos).
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Table 29-7 [cont.]

Right Left

50% Maximum second moment of area (Imax) 1918.3 1910.9

Minimum second moment of area (Imin) 1425.2 1321.7

Polar moment of area (J) 3343.5 3232.5

Orientation of Imax (Theta) 57.2 65.8

Anteroposterior section modulus (Zx) 224.8 226.0

Mediolateral section modulus (Zy) 216.2 202.6

65% Total area – 193.6

Cortical area – 85.9

Medullary area – 107.6

Anteroposterior second moment of area (Ix) – 2343.1

Mediolateral second moment of area (Iy) – 1881.2

Maximum second moment of area (Imax) – 2523.4

Minimum second moment of area (Imin) – 1700.9

Polar moment of area (J) – 4224.3

Orientation of Imax (Theta) – 62.1

Anteroposterior section modulus (Zx) – 272.9

Mediolateral section modulus (Zy) – 232.9

80% Total area – 280.5

Cortical area – 76.0

Medullary area – 204.4

Anteroposterior second moment of area (Ix) – 3103.4

Mediolateral second moment of area (Iy) – 2964.1

Maximum second moment of area (Imax) – 3589.0

Minimum second moment of area (Imin) – 2478.5

Polar moment of area (J) – 6067.5

Orientation of Imax (Theta) – 48.6

Anteroposterior section modulus (Zx) – 316.8

Mediolateral section modulus (Zy) – 290.1

The Distal Metaphyses

The distal metaphyses (especially the better preserved left one) are angled (82°) medi-

ally, flare medially relative to the diaphyseal axis, and are relatively flat across their surfaces.

The Distal Epiphyses

The distal epiphyses are slightly concave proximally and slightly convex distally, and

modestly thicker medially (thereby in part compensating for the medial angulation of the

distal metaphysis). In this, they resemble recent human distal tibial epiphyses.

The Fibulae

The Lagar Velho 1 fibulae (Figs. 29-13, 29-14 and 29-16; Tables 29-8 and 29-9) preserve

almost all of the left intermetaphyseal bone, most of the right one lacking portions of the

mid-proximal diaphysis, and most of both distal epiphyses. The proximal epiphysis does not

normally begin ossification until 3-5 years postnatal (Scheuer and Black, 2000); if it was pre-

sent, it was represented only by tiny spicules of bone not readily recovered archeologically.
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Table 29-8
Osteometrics of the Lagar Velho 1 fibulae, in millimeters and degrees.

Right Left

Intermetaphyseal length 153.7 155.7

Medial diaphyseal curvature chord1 119.0 126.0

Medial diaphyseal curvature maximum subtense 4.0 3.5

Medial diaphyseal curvature position (to proximal) 63.0 84.0

Midshaft anteroposterior diameter 8.1 8.6

Midshaft mediolateral diameter – 7.8

Proximal metaphyseal anteroposterior diameter 10.5 –

Proximal metaphyseal mediolateral diameter 12.1 –

Distal metaphyseal anteroposterior diameter 13.0 13.5

Distal metaphyseal mediolateral diameter 10.1 9.7

Distal metaphyseal angle2 3° 7°

Distal epiphysis proximodistal diameter – 8.2

Distal epiphysis anteroposterior diameter – 10.8

Distal epiphysis mediolateral diameter – 8.9

Notes:
1 Medial curvature chord from the neck to the distal suprametaphyseal concavity.
2 Angle from the horizontal to which the distal metaphyseal surface slopes proximally anteriorly.

Table 29-9
Cross-sectional geometric parameters of the Lagar Velho 1 fibular diaphyses. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.

Right Left

20% Total area 39.3 39.9

Cortical area 23.9 23.4

Medullary area 15.4 16.5

Anteroposterior second moment of area (Ix) 117.2 119.6

Mediolateral second moment of area (Iy) 91.6 91.2

Maximum second moment of area (Imax) 117.3 119.9

Minimum second moment of area (Imin) 91.5 91.0

Polar moment of area (J) 208.8 210.8

Orientation of Imax (Theta) 86.9 -84.5

Anteroposterior section modulus (Zx) 29.3 30.9

Mediolateral section modulus (Zy) 28.0 25.9

35% Total area 44.1 45.1

Cortical area 27.3 28.7

Medullary area 16.8 16.4

Anteroposterior second moment of area (Ix) 139.7 151.4

Mediolateral second moment of area (Iy) 127.1 133.8

Maximum second moment of area (Imax) 140.2 152.5

Minimum second moment of area (Imin) 126.7 132.7

Polar moment of area (J) 266.8 285.2

Orientation of Imax (Theta) -79.5 -76.3

Anteroposterior section modulus (Zx) 32.7 34.0

Mediolateral section modulus (Zy) 34.8 35.3

50% Total area – 47.2

Cortical area – 29.1

Medullary area – 18.2

Anteroposterior second moment of area (Ix) – 166.3

Mediolateral second moment of area (Iy) – 136.1

Maximum second moment of area (Imax) – 166.8
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Table 29-9 [cont.]

Right Left

50% Minimum second moment of area (Imin) – 135.6

Polar moment of area (J) – 302.4

Orientation of Imax (Theta) – -82.5

Anteroposterior section modulus (Zx) – 36.0

Mediolateral section modulus (Zy) – 36.9

65% Total area – 43.4

Cortical area – 26.5

Medullary area – 16.8

Anteroposterior second moment of area (Ix) – 134.7

Mediolateral second moment of area (Iy) – 117.4

Maximum second moment of area (Imax) – 134.8

Minimum second moment of area (Imin) – 117.3

Polar moment of area (J) – 252.0

Orientation of Imax (Theta) – -85.1

Anteroposterior section modulus (Zx) – 31.9

Mediolateral section modulus (Zy) – 32.7

80% Total area 28.0 31.8

Cortical area 20.0 20.4

Medullary area 8.0 11.5

Anteroposterior second moment of area (Ix) 53.5 73.4

Mediolateral second moment of area (Iy) 61.4 67.8

Maximum second moment of area (Imax) 63.2 79.3

Minimum second moment of area (Imin) 51.7 61.9

Polar moment of area (J) 114.9 141.2

Orientation of Imax (Theta) -23.4 -54.3

Anteroposterior section modulus (Zx) 17.9 22.3

Mediolateral section modulus (Zy) 19.8 21.9

The right proximal metaphysis is trapezoidal in outline, slightly convex proximally, with

flat anterior and lateral margins. It flares out from a relatively unconstricted neck.

The diaphyses present sets of crests and intervening surfaces, such as will develop into

clear crests in the adult. Since these divisions of the diaphyseal surfaces form during devel-

opment, it is not apparent from the morphology of the Lagar Velho 1 fibular diaphyses what

its adult morphology would have been had it survived to adulthood. This is relevant, since

Neandertals and early modern humans consistently differ in the degree to which their fibu-

lae have marked sulci between the crests, as opposed to largely flat surfaces between them

(Matiegka, 1938; Heim, 1982a; Trinkaus, 1983, pers. observ.).

On the more complete left fibular diaphysis of Lagar Velho 1, the anterior crest has a

clear angle from the neck to the distal minimum circumference, with an angle of 74° near

midshaft. The anteromedial crest is sharp but open by the neck (103°), but it then fades out

by midshaft. The medial crest is present and raised, but it is rounded along the distal half of

the shaft. The lateral crest is not actually present, but it is represented by a change from an

anterolaterally flat surface to a convex one posteriorly.

The anteromedial surface is flat to the distal rounding, as is the medial surface. The

anterolateral surface is flat to slightly concave through the middle two-thirds of the diaph-

ysis, whereas the posterior surface is strongly convex along the entire length of the bone.

At the same time, the bones present a strong medial curvature (Fig. 29-13). It is evident

as an even concavity along the lateral surface and as a midshaft medial convexity that
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becomes straight to concave distally. Similar curvature is evident on the La Ferrassie 6 fibu-

la, but its significance remains uncertain. Both Neandertal and European early modern

human mature fibulae exhibit varying degrees of mediolateral curvature (Heim, 1982a;

Trinkaus, 1983; Vlček, 1991).

The rugosity for the distal tibiofibular ligament is a slightly roughened area on the right

fibula, with a small raised nubbin of bone, 5.5 mm from the distal metaphysis. The left one,

in contrast, presents a raised triangular area tapering off proximally from the metaphyseal

margin, 10 mm high and 6 mm wide at the metaphysis. There is no evidence for the attach-

ments of these ligaments on either distal tibia.

The distal metaphyses are semicircircles with rounded corners, irregularly flat, and

sloping proximally anteriorly. The distal epiphyses are flat superiorly and medially and

rounded elsewhere.

The Pedal Remains

The pedal skeletons of Lagar Velho 1 are

represented by most of the right foot (all except

some of the middle and distal phalanges) (Fig.

29-22) plus portions of the left foot. The right

foot was discovered in articulation in situ, and the

identification of anterior tarsals, phalanges and

even epiphyses is based in part on their in situ
positions.

The Tali

The right talus exhibits a modest trochlea, lit-

tle lateral malleolar flare, and an apparently long

neck (Table 29-10). The proportions between the

trochlea and neck can be assessed by a compari-

son of trochlear length to talar length. The resul-

tant index is 56.0 for Lagar Velho 1, which is very

similar to that of La Ferrassie 6 (58.8), as well as

that of the older Skhul 8 (59.0). The anterior

trochlear margin runs posteromedial to anterolat-

eral, but it is unclear whether this represents a true

lateral extension of the anterior trochlea. The

medial malleolar process anterior extension is pro-

nounced, and the dorsal neck is concave, possibly

indicating an incipient squatting facet. The sulcus

tali is broad, and a sulcus tali facet is absent [see

Trinkaus (1975a) for talar articular variations].

FIG. 29-22 – Dorsal view of the right pedal remains, with the

metatarsal 1 and phalangeal epiphyses adjacent to their

metaphyses. Scale in centimeters.
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Table 29-10
Osteometrics of the Lagar Velho 1 tali, in millimeters and degrees.

Right Left

Length 27.5 –

Trochlear length 15.4 –

Trochlear breadth 16.5 –

Lateral malleolar oblique height 13.8 (13.0)

Head and neck length 14.0 –

Neck angle (13°) –

Posterior calcaneal facet length 16.6 –

Posterior calcaneal facet breadth 12.9 –

Sulcus tali minimum breadth 7.3 –

Body height (trochlear to posterior calcaneal minimum) 14.9 14.9

The Calcanei

The calcanei exhibit steep posterior talar facets with a transverse notch across the

anteroplantar edge of the facet. Both calcanei have distinct concavities distal of the tuberos-

ity on the plantar surface.

Table 29-11
Osteometrics of the Lagar Velho 1 calcanei, in millimeters.

Right Left

Maximum length 38.8 38.6

Body length1 24.6

22.5

Posterior talar facet breadth – (16.5)

Note:
1 Length from the anterior posterior talar facet to the posterior tuberosity.

The Anterior Tarsal Bones

The anterior tarsal bones are variably preserved, and all of them present articular facets

and orientations appropriate for human juvenile pedal bones.

Table 29-12
Osteometrics of the Lagar Velho 1 right anterior tarsal bones, in millimeters.

Medial Intermedial Lateral Cuboid

Cuneiform Cuneiform Cuneiform

Proximodistal length 9.4 9.0 13.2 17.1

Mediolateral breadth – 6.5 – –

Navicular facet breadth – 8.0 –

Intermedial cuneiform facet breadth – – 6.3 –

Cuboid facet length – – 4.5 –

Cuboid facet breadth – – 5.4 –

Metatarsal facet breadth – – 7.0 –
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The Metatarsal Bones

The hallucal metatarsal bones preserve

both intermetaphyseal bones plus one proxi-

mal epiphysis. The epiphysis is round and

markedly thicker on one margin than on the

other (Table 29-13). The proximal metatarsal 1

metaphysis is largely flat, with edges that flare

out (Figs. 29-23 and 29-24). The diaphyses

taper distally, reaching their minimum diam-

eters about two-thirds of the distance distally.

The diaphyses are flat laterally and rounded

medially. The distal end presents two strong

lips, one dorsal and the other plantar, which

frame a bulbous articular subchondral mid-

dle. The lips, especially the dorsal one, are

separated from the bulbous middle by distinct

transverse grooves.

FIG. 29-23 – Plantar view of the halluces. Scale in centimeters.

FIG. 29-24 – Medial view of the right (above) and left (below) metatarsal bones. Scale in centimeters.
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Table 29-13
Diameters of the Lagar Velho 1 hallucal epiphyses, in millimeters. 

Metatarsal Proximal Distal

Maximum thickness 3.4 1.7 2.7

Minimum thickness 1.8 – –

Maximum diameter 9.8 8.0 7.9

Perpendicular diameter1 9.1 7.3 4.3

Note:
1 Diameter of the epiphysis perpendicular to the maximum diameter.

The lateral metatarsal bones present horizontal base angles and torsion angles which

increase progressively from the second to the fifth digits (Fig. 29-24; Tables 29-14 and 29-

15). The horizontal angles measure the degree to which the tarsal facets face proximomedi-

ally, and the torsion angles measure the degree of medial rotation of the dorsal heads. Both

of these features are essential elements of the formation of an arched human subtalar skele-

ton with an adducted hallux and a raised medial arch, and they are clear reflections of the

formation of such an anatomical feature (Trinkaus, 1975b). The configuration of these

angles in the Lagar Velho 1 metatarsals indicates the definite presence of normal human

pedal arches, loaded in a manner commensurate with a normal striding bipedal gait.

Table 29-14
Osteometrics of the Lagar Velho 1 right metatarsal bones, in millimeters and
degrees unless otherwise noted. 

MT-1 MT-2 MT-3 MT-4 MT-5

Intermetaphyseal length 28.1 31.6 31.5 30.3 28.2

Midshaft dorsoplantar height 8.7 4.8 5.1 6.3 6.2

Midshaft mediolateral breadth 7.9 4.3 4.5 4.9 5.2

Diaphyseal minimum height 7.8 4.7 4.9 5.8 5.7

Midshaft total area (mm2) 54.7 18.4 19.6 26.2 31.7

Midshaft cortical area (mm2) 39.4 16.6 16.9 21.4 26.1

Midshaft medullary area (mm2) 15.3 1.8 2.6 4.8 5.6

Midshaft dorsoplantar second moment of area (mm4) 172.0 28.0 31.0 53.3 68.7

Midshaft mediolateral second moment of area (mm4) 155.4 23.8 25.6 41.3 70.5

Midshaft polar moment of area (mm4) 327.4 51.8 56.5 94.6 139.2

Proximal maximum height 13.7 9.5 – – 7.9

Proximal maximum breadth 10.5 7.5 6.5 6.7 8.7

Proximal articular height1 – – – 7.9

Proximal articular breadth 6.3 6.3 6.7 8.7

Distal maximum height2 11.6 – 8.1 7.7 7.0

Distal maximum breadth2 10.2 5.7 5.1 5.6 5.7

Distal ‘bulb’ height3 7.8

Distal ‘bulb’ breadth3 8.7

Torsion angle4 12° 7° 17° 27° 38°

Base mediolateral angle5 10° 11° – (62°)

Metatarsal 3 facet height 5.4

Metatarsal 3 facet length 6.7

Metatarsal 5 facet height 6.2

Metatarsal 5 facet length 5.1
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Notes:
1 The maximum diameters of the subchondral bone for the tarsal facet. For metatarsals 3, 4 and 5, they are equivalent to

the maximum proximal diameters.

2 For the first metatarsal, these are the maximum diameters at the base of the distal subchondral bone. For metatarsals 2

to 5, these are the diameters of the metaphysis.

3 The diameters of the central bulbous projection of the distal metatarsal 1.

4 A positive torsion angle indicates a medial rotation of the dorsal distal metaphysis. 

5 A positive angle indicates a medial deviation of the tarsal facet relative to the diaphysis. It is not provided for the fourth

metatarsals given the mediolaterally rounded nature of the immature subchondral bone, and it is indicated as estimated

for the fifth metatarsal given the mediolaterally rounded facet present on that bone.

Table 29-15
Osteometrics of the Lagar Velho 1 left metatarsal bones, in millimeters and degrees,
unless otherwise noted. See notes to Table 29-14.

MT-1 MT-2 MT-3 MT-4

Intermetaphyseal length 28.1 31.5 31.8 30.2

Midshaft dorsoplantar height 8.0 4.8 4.9 5.9

Midshaft mediolateral breadth 7.9 4.2 4.2 4.7

Diaphyseal minimum height 7.6 4.6 4.9 5.5

Midshaft total area (mm2) 53.4 17.7 18.4 23.6

Midshaft cortical area (mm2) 38.1 15.8 16.0 20.2

Midshaft medullary area (mm2) 15.3 1.9 2.4 3.4

Midshaft dorsoplantar second moment 154.8 26.2 28.4 46.6
of area (mm4)

Midshaft mediolateral second moment 150.2 21.5 22.1 34.8
of area (mm4)

Midshaft polar moment of area (mm4) 305.0 47.7 50.5 81.4

Proximal maximum height – 9.6 10.7 (9.0)

Proximal maximum breadth – 7.0 6.6 7.2

Proximal articular height 8.8 10.7 –

Proximal articular breadth 6.1 6.6 7.2

Distal maximum height 12.2 7.8 7.9 7.7

Distal maximum breadth (10.1) 5.6 5.2 5.6

Distal ‘bulb’ height 7.7

Distal ‘bulb’ breadth 8.2

Torsion angle 12° 0° 16° 33°

Base mediolateral angle 11° 10° –

Metatarsal 3 facet height 7.1

Metatarsal 3 facet length 6.0

Metatarsal 5 facet height absent

Metatarsal 5 facet length absent

Table 29-16
Midshaft cortical thicknesses of the Lagar Velho 1 right metatarsals, measured from
radiographs, in millimeters.

MT-1 MT-2 MT-3 MT-4 MT-5

Dorsal 1.0 1.1 0.9 1.0 1.2

Plantar 1.1 1.1 1.2 0.9 1.0

Medial 1.2 1.6 1.3 1.4 1.4

Lateral 0.9 1.4 1.3 1.1 1.5
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Table 29-17
Midshaft cortical thicknesses of the Lagar Velho 1 left metatarsals, measured from
radiographs, in millimeters.

MT-1 MT-2 MT-3 MT-4

Dorsal 0.8 1.3 1.1 1.0

Plantar 1.1 1.2 1.1 1.1

Medial 1.3 1.5 1.3 1.4

Lateral 0.8 1.1 1.2 1.4

In addition, the metatarsal bones present several features. The second metatarsals

exhibit a pit in the middle of each flared distal metaphysis. The third metatarsals have large

plantar proximal tuberosities with medial and lateral concavities alongside of them. The

right fourth metatarsal has distinct medial and lateral facets for the third and fifth

metatarsals, but the left one lacks a facet for the fifth metatarsal and exhibits a rugosity and

tubercle measuring 4.0 mm anteroposterior by 1.7 mm dorsoplantar in its place. 

The Pedal Phalanges

The proximal hallucal phalanges have distal subchondral bone which presents a

trochlea on the medial two-thirds of the bone and then a concavity on the lateral third. This

is accompanied by a distal hallucal phalanx with a marked (21°) metaphyseal horizontal

angle, indicating a strong hallux valgus to this digit. This is a normal product of human loco-

motion with toe-off combined with a toeing out of the anterior foot (Barnicot and Hardy,

1955; Trinkaus, 1975b), and it is evident in adult Neandertal and early modern human hal-

luces (Trinkaus, 1975b; Sládek et al., 2000). The curve of the proximal epiphysis would only

reduce the degree of hallux valgus slightly.

Table 29-18
Osteometrics of the Lagar Velho 1 right proximal pedal phalanges, in millimeters
and degrees. 

PP-1 PP-2 PP-3 PP-4 PP-5

Intermetaphyseal length 13.5 12.7 12.0 11.5 9.3

Midshaft dorsoplantar height 4.8 3.4 3.2 3.0 3.1

Midshaft mediolateral breadth 8.3 4.0 3.9 4.3 4.0

Proximal maximum height 7.9 5.5 5.5 5.5 5.1

Proximal maximum breadth 10.3 6.0 5.6 5.8 6.0

Distal maximum height 4.9 3.1 3.0 3.4 3.4

Distal maximum breadth 8.6 5.5 4.8 4.7 4.5

Distal trochlear breadth1 6.2 4.5 3.7 3.7 3.8

Torsion angle 2°

Note:
1 The mediolateral breadth of the distal projection for the trochlea.



Table 29-19
Osteometrics of the Lagar Velho 1 left proximal pedal phalanges, in millimeters
and degrees. 

PP-1 PP-2 PP-3 PP-5

Intermetaphyseal length 13.6 12.8 12.0 9.3

Midshaft dorsoplantar height 4.7 3.2 3.2 3.2

Midshaft mediolateral breadth 7.9 4.0 3.8 4.1

Proximal maximum height 7.7 5.5 5.6 5.2

Proximal maximum breadth 9.4 6.0 5.2 5.8

Distal maximum height 4.8 3.0 3.0 3.3

Distal maximum breadth 7.9 5.3 4.6 4.4

Distal trochlear breadth 6.3 4.5 3.7 3.5

Torsion angle 2°

Table 29-20
Diameters of the Lagar Velho 1 right pedal phalangeal proximal epiphyses, plus a
right middle phalanx epiphysis, in millimeters.

PP-2 PP-3 PP-4 PP-5 MP-?

Maximum thickness 1.6 1.6 1.1 1.6 1.6

Maximum diameter 4.6 4.0 3.8 4.4 4.4

Perpendicular diameter1 4.2 3.6 3.5 4.3 4.0

Note:
1 Diameter of the epiphysis perpendicular to the maximum diameter.

Table 29-21
Osteometrics of the Lagar Velho 1 right pedal middle and distal phalanges, in
millimeters and degrees.

MP-2/3 MP-4/5 DP-1 MP/DP-?

Intermetaphyseal length 5.1 3.8 10.8 –

Midshaft dorsoplantar height 3.1 2.5 3.3 –

Midshaft mediolateral breadth 4.5 3.4 7.5 –

Proximal dorsoplantar height 3.3 3.2 5.4 3.1

Proximal mediolateral breadth 5.4 4.3 8.9 3.4

Distal dorsoplantar height 3.0 2.7 3.4 –

Distal mediolateral breadth 3.5 3.2 6.5 –

Base mediolateral angle 21° –

The distal hallucal phalanx also exhibits a broad apical tuft and no clear flexor hallucis

longus tendon pit or tubercle, but there is a distinct plantar pit just proximal of the apical

tuft. The lateral proximal phalanges all have proximally (rather than dorsoproximally) ori-

ented proximal metaphyses, and distal trochleae, which turn markedly plantarly. The mid-

dle phalanges are all stubby little bones.
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Summary

These considerations of the Lagar Velho 1 lower limb remains indicate a moderately

robust leg and foot that engaged in normal age-appropriate postural and locomotor behav-

ior. The degree of robusticity, which is similar to that of other Late Pleistocene juveniles, is

reflected in the femoral neck-shaft angle, the proximal femoral muscle markings, the scaled

strength measures of the femoral and tibial diaphyses, the dorsal displacement of the tibial

plateau and musculoligamentous markings of the pedal bones. The assumption of normal

postural and locomotor behavior, in addition to those indicating the overall level of robus-

ticity, is reflected in the femoral and tibial trabecular patterns, the femoral bicondylar angles,

the base horizontal angles and torsion angles of the metatarsals, and the hallux valgus.

The one unusual feature of the lower limb remains for a Late Pleistocene juvenile is the

relatively thin cortical bone of the femoral and tibial diaphyses, which is exceeded among the

Late Pleistocene specimens only by the Dederiyeh 2 Neandertal specimen. Yet, the subpe-

riosteal expansion of these Lagar Velho 1 diaphyses more than adequately compensates bio-

mechanically and provides measures of strength similar to those of other Late Pleistocene

juveniles.

In addition, the pattern of tibial versus femoral midshaft strength relative to bone

length confirms biomechanically what has been documented using bone lengths alone;

Lagar Velho 1 had relatively short tibiae similar to those of the Neandertals.
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chapter 30 | The Upper Limb Remains
❚ ERIK TRINKAUS ❚ CHRISTOPHER B. RUFF ❚ FRANCISCO ESTEVES ❚

❚ JOSÉ MANUEL SANTOS COELHO ❚ MANUELA SILVA ❚ MANUELA MENDONÇA ❚ 

The upper limb remains of Lagar Velho 1 consist principally of the left shoulder and

arm bones plus remains of both of the hand skeletons. The shoulder and arm remains of

the right arm, being the portion of the skeleton protruding furthest from the shelter wall,

were crushed into either small diaphyseal fragments or into unrecognizable pieces.

The diaphyses of the left humerus, radius and ulna were the first bones of the skeleton

discovered, in loose earth along the shelter face, and they are remarkably well preserved. The

radial proximal metaphyseal surface was lost, but otherwise the three bones have sustained

only trivial damage. The cubital epiphyses were not recovered, but the proximal humeral one

and the distal radial one (the distal ulnar one should not have been ossified yet) are pre-

served. The left clavicle and scapula were recovered adjacent to the upper left thorax, the lat-

ter pressed against the ribs and largely crushed. 

The left hand was originally also very well preserved, but it was recovered in disturbed

deposits. The bones have been sorted on the basis of relative size and morphology, especially

in comparison with the right hand discovered in situ, even though the right hand bones

(especially the metacarpals) are far less complete.

Cross-Sectional Geometric Measurements

As noted in Chapter 29 with reference to the Lagar Velho lower limb remains, functional

assessment of long bone morphology can be enhanced through biomechanical analysis of dia-

physeal cross sections. For this reason, the upper limb long bone diaphyses of Lagar Velho 1

have been analysed in terms of their cross-sectional geometric properties at several locations.

Cross-sectional geometric measurements of the left humerus, radius and ulna were

determined using computed tomographic scanning as described in Chapter 29, and they are

listed in Tables 30-4, 30-6, and 30-8, respectively (see Chapter 29 for further description of

methods). Cross section locations are determined as percentages of the “biomechanical”

length of each bone. Since these are interarticular lengths (see Ruff, 2000c for detailed

descriptions), and since the distal epiphysis of the humerus and both epiphyses of the ulna

were not yet developed, and only the distal epiphysis of one radius was recovered, it was nec-

essary to estimate these dimensions. For the humerus, this was done using the Denver

Growth Study sample (see Chapter 25), where both biomechanical and intermetaphyseal

lengths had been measured for 4-5 year olds. The average ratio of the two lengths in this

sample is 1.0685, giving an estimated biomechanical length (with rounding) of 153 mm,

based on its intermetaphyseal length of 143 mm. No similar appropriate reference sample

was available for the radius or ulna. These bones are measured together, articulated as in

“anatomical position”, with the biomechanical length the distance from the middle of the

distal articular surface of the radius to the middle of the radial head. If the Lagar Velho 1

radius and ulna are positioned in this way, a 3 mm effective thickness for the distal radial

epiphysis is assumed (given a maximum thickness of the epiphysis of 3.5 mm), and the prox-
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imal edge of the radial notch on the ulna is used to locate the proximal surface of the radial

head, a biomechanical length estimate for the radius and ulna of 112 mm is obtained. Cross-

sectional properties were determined at 20%, 35%, 50%, 65%, and 80% of biomechanical

length, measured from the distal end, as well as at 40% of biomechanical length in the

humerus. This last section was included because it avoids the deltoid tuberosity and has

become a common site for intra- and interspecies comparisons (Ruff, 2000c, 2001). 

Cross-sectional data for only two other Late Pleistocene humeri in the general age range

of Lagar Velho 1 are currently available — Dederiyeh 1 (2 years) and Skhul 1 (4-5 years), both

for the 40% section. Thus, possible comparisons are very limited and are confined to the

humerus. Recent juvenile samples include the Denver Growth Study sample (4-5 years, N =

20; see Chapter 25) and the Pecos Pueblo Amerindian sample (5-9 years, N = 8) (Ruff et al.,

1994). 

The Left Clavicle

The left clavicle is largely

complete from the distal (acromi-

al) surface almost to the sternal

metaphyseal surface. The proxi-

mal end was broken off obliquely

(Fig. 30-1; Table 30-1), but the

most proximal anterior edge

retains ca.1 mm of rugosity for

the proximal ligamentous attach-

ments. The preserved length 

is 70 mm, and on the basis of

this, the original intermetaphy-

seal length has been reconstruct-

ed to be ca.72 mm. If it was

longer originally, it is unlikely 

to have been more than one or

two millimeters longer than re-

constructed.

The estimated length of

the Lagar Velho 1 clavicle is si-

milar to those of recent Euro-

pean samples for children of a

comparable developmental age

(Madre-Dupouy, 1992; Black

and Scheuer, 1996). It is about

the same length as that of the

slightly younger Skhul 1 (73 mm),

but much shorter than those of

the slightly older Qafzeh 10 (88 and ca.86 mm) and the younger Roc de Marsal 1 (81.8 mm)

(Madre-Dupouy, 1992; Tillier, 1999). There is clearly considerable variability in clavicular

length among these juvenile Late Pleistocene humans, although the Lagar Velho 1 clavicle is

among the shorter ones sufficiently complete to provide a length measurement.
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FIG. 30-1 – From left to right, superior, inferior and anterior views of the left

clavicle. Scale in centimeters.



Table 30-1
Osteometrics of the Lagar Velho 1 left clavicle, in millimeters.

Intermetaphyseal length1 (72.0)

Conoid length2 (56.0)

Proximal anterior curvature subtense3 (4.5)

Mid-proximal curvature maximum diameter4 8.2

Mid-proximal curvature minimum diameter 4.6

Midclavicular maximum diameter5 7.4

Midclavicular minimum diameter 4.5

Mid-distal curvature maximum diameter6 8.2

Mid-distal curvature minimum diameter 4.5

Acromial anteroposterior diameter7 12.7

Acromial craniocaudal diameter 5.6

Notes:
1 Estimate based on reconstruction of the sternal metaphysis (see text).
2 The estimated distance between the conoid tubercle and the sternal end, based on reconstruction of the sternal

metaphysis.
3 Maximum subtense to the diaphyseal midpoint from the conoid length chord, following Olivier (1951-56). Estimation

due to reconstruction of sternal end.
4 Diameters taken at the estimated midpoint of the conoid length.
5 Diameters taken at the middle of the intermetaphyseal length.
6 Diameters taken between the conoid tubercle and the acromial end.

Diameters of the acromial end of the clavicle.

The Proximal Diaphysis

The Lagar Velho 1 clavicular diaphysis has a clear, if not very pronounced, anteroposte-

rior ‘S’ curve. As with adult clavicles, this needs to be considered in terms of the anterior cur-

vature of the proximal portion (the section between the costosternal articulation and the

conoid tubercle), since that represents the true diaphysis of the bone (Ljunggren, 1979). The

modest degree of anterior curvature of the conoid length portion is indicated by an index

(subtense/chord) of 8.0. The modest curvature is combined with a strong torsion of the

bone, ca.60° between the maximum diameter of the proximal end and the acromial end.

The surfaces of the clavicular diaphysis are clearly delineated by angles or crests.

Proximally, the superior surface is divided into anterior and posterior planes, each being

largely flat. The posterior one is smaller, and it diminishes distally to disappear by midshaft.

There is a clear line between these two surfaces. Inferiorly, there are anterior and inferior sur-

faces that have a rounded edge between them and remain symmetrical along the diaphysis.

The anterosuperior and anteroinferior planes of the proximal diaphysis are slightly con-

cave, accentuating a raised pectoralis major muscle ridge. The edge is not rugose; it remains

smooth except for a slightly raised area just distal of the flare for the sternal end. Yet, the edge

is distinctly anteriorly directed along ca.32 mm and has a measurable craniocaudal thickness

of 2.2 mm. Posteriorly, there is a slightly raised edge inferiorly adjacent to the postmortem

break, which may be what remains of the costoclavicular facet. The posterosuperior edge has

a modest rugosity, which may have been for the sternocleidomastoideus muscle.

As the diaphysis goes distally toward the region of the conoid tubercle, the superior sur-

face becomes gently convex, whereas the inferior surface remains divided into distinct ante-

rior and posterior planes. There is a small nutrient foramen entering the bone in a distal

direction in the middle of the caudal surface, about two-thirds of the distance along the dia-

physis to the conoid tubercle.
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The distal portion of the diaphysis is notable for an extra foramen on the posterosupe-

rior corner of the bone (Figs. 30-1 and 30-2). It is located 27.5 mm from the distal (acromi-

al) end, and it passes between the superior and posterior surfaces of the bone, resulting in a

raised edge along the border. This almost certainly represents a canal for the supraclavicu-

lar nerve, which has been noted as an uncommon but not exceptional variant in recent

human adult clavicles (Parsons, 1917; dos Santos, 1927). In two pooled samples of recent

European adult right and left clavicles, it occurred in 2.4% (N = 286) and 6.2% (N = 259).

Data are unavailable for its occurrence in juveniles, but since ossification of the clavicle

occurs relatively early, it is likely that frequencies in juvenile and adult samples would be

similar.

The Distal Portion

Distally, from the conoid tubercle to the acromial end, the superior surface is gener-

ally smooth and gently convex anteroposteriorly. There is a small lip of bone for the del-

toideus muscle near the middle of the distal portion. Inferiorly, there is a ridge of bone

along the posteroinferior corner, which becomes a downward turned edge between the

conoid tubercle and the acromial end. This posteroinferior edge produces an anteroposte-

rior concavity, which is 0.7 mm deep across a distance of 6.9 mm adjacent to the conoid

tubercle.

The conoid tubercle itself is minimally projecting and can be discerned principally by

the curvature of the posteroinferior border and a slight swelling along the inferior surface of

the bone. There is no trace of the trapezoid ligament line.

The acromial surface thickens inferiorly and broadens anteriorly, but otherwise it is

unremarkable, being minimally rugose.
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FIG. 30-2 – Detail of the clavicular foramen, probably for the supraclavicular nerve.



The Left Scapula

The left scapula was crushed up against the

left thorax, and it was separated from the adjacent

ribs during fossil preparation in the laboratory. The

resultant pieces are the lateral portion of the spine,

lacking the acromion, and most of the axillary bor-

der with adjacent areas of the infraspinatus/sub-

scapularis bone (Fig. 30-3). The axillary border and

the immediately adjacent infraspinatus surface

bone up to ca.25 mm from the lateral edge are rea-

sonably intact. The remainder of the piece, howev-

er, consists of small fragments preserved in consol-

idated matrix, held in place in their approximate in
situ position by preservative. Since the joins

between the more medial fragments are not readily

apparent and the bone is eroded, it was decided to

leave it partially clean rather than risk complete loss

of that portion of the scapula.

The Lateral Spine

The lateral spine exhibits a distinct cranial

concavity, and it has little rugosity of its muscular

surfaces. The minimum thickness across the later-

al edge of the spine, dorsal of the glenoid fossa, is

5.0 mm, and the craniocaudal dimension of the

spine directly above the glenoid fossa area is 8.2

mm.

The Axillary Border

The axillary border is straight, and then it

curves sharply laterally for the teres major muscle

origin. Its maximum thickness is ca.4.5 mm. The

dorsal surface of the border is evenly convex medi-

olaterally along the lateral 6.6 mm of the edge. It

then becomes mediolaterally flat as one goes medi-

ally. In turn, it is bordered medially by a sulcus

between it and the infraspinatus surface. There is

no evidence for a dorsal sulcus or slight concavity.

The ventral surface of the border is more strongly

convex than the dorsal one, along ca.10 mm of the lateral edge. The most prominent portion

of the convexity is in the middle of that convexity superiorly, ca.6 mm from the lateral edge.

As it goes inferiorly, the most prominent ventral ridge moves gently laterally, to be ca.4 mm

from the edge at the cranial end of the teres major area.
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FIG. 30-3 – Dorsal (top) and ventral (bottom) views of

the left scapula. The axillary border is undeformed,

but the remainder of the infraspinatus piece 

is crushed and distorted. The lateral spine piece 

is positioned approximately relative to the

remainder of the scapula. Scale in centimeters.



There is no mediolateral concavity to the axillary border either dorsally or ventrally, a

concavity which could be seen as a precursor of a sulcus. The dorsal side is flatter, and the

ventral side is rounder and more projecting. The lateral edge is more dorsal when the scapu-

la is viewed laterally. This morphology makes it unlikely that the individual would have

developed the strictly dorsal sulcus morphology such as is seen in most of the Neandertals

(Trinkaus, 1983; Churchill, 1994). However, it is not possible to determine whether it would

have developed into the ventral sulcus pattern most common among recent humans

(Trinkaus, 1977; Churchill, 1994) or into a variety of the bisulcate pattern largely present

among early modern humans (including European Gravettian specimens) (Matiegka, 1938;

Churchill, 1994; Trinkaus, 2000b) but also found among the Neandertals (Trinkaus, 1983).

The Left Humerus

The Lagar Velho 1 left humerus

preserves a remarkably complete dia-

physis, which sustained only trivial

edge damage postmortem (Figs. 30-4

to 30-6; Tables 30-2 to 30-4). There is

no trace of the distal epiphysis (or its

portions), given the disturbance of

the sediment in that region of the

burial. The proximal head epiphysis

was identified adjacent to the scapula,

and it exhibits a largely formed capit-

ular portion. There is no trace of the

greater tubercle center of ossification;

it may have been crushed and/or not

appropriately identified, it may have

been partially fused to the head along

the now damaged border and subse-

quently eroded away postmortem, or

it may have been about to fuse along

one of the margins. By the age-at-

death of Lagar Velho 1, both the capit-

ular and greater tubercle epiphyses

should have been partially ossified,

although fusion between them may

not have commenced (they normally

fused between 5 and 7 years postna-

tal) (Scheuer and Black, 2000).
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FIG. 30-4 – Anterior (left) and posterior (right) views

of the left humerus, with the proximal epiphysis

in proximal view positioned next to the proximal

metaphysis in the anterior view. Scale in

centimeters.



Table 30-2
Osteometrics of the Lagar Velho 1 left humerus, in millimeters and degrees.

Intermetaphyseal length 143.0

Biomechanical length1 (153.0)

Proximal metaphyseal anteroposterior diameter (minimum) 16.2

Proximal metaphyseal mediolateral diameter (maximum) 24.9

Mid-proximal (pectoralis major) diaphyseal maximum diameter2 12.8

Mid-proximal (pectoralis major) diaphyseal minimum diameter 8.1

Midshaft maximum diameter 11.4

Midshaft minimum diameter 9.2

Mid-distal minimum circumference3 33.0

Mid-distal maximum diameter 10.7

Mid-distal minimum diameter 10.5

Olecranon fossa breadth 16.8

Olecranon fossa depth (from breadth) 6.2

Olecranon fossa perforation absent

Coronoid fossa breadth 9.0

Radial fossa breadth (8.4)

Medial pillar thickness 3.7

Lateral pillar thickness 6.6

Metaphyseal cubital angle4 (90°)

Metaphyseal torsion angle 151°

Proximal epiphyseal proximodistal thickness 8.7

Proximal epiphyseal maximum transverse diameter 16.3
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FIG. 30-5 – Medial (left) and lateral (right) views

of the left humerus. Scale in centimeters.

FIG. 30-6 – Anteroposterior radiographs of, from right to left, the left

humerus, radius and ulna.



Notes:
1 Length parallel to diaphysis from proximal surface of humeral head to distal projection of lateral lip of trochlea

(estimated — see text).
2 Taken at 75% of the intermetaphyseal length (0% is distal).
3 Taken at 31% of the intermetaphyseal length (0% is distal).
4 Estimation due to anterior erosion of the distal metaphysis.

The Proximal Epiphysis

The preserved proximal epiphysis is evenly convex superiorly and flat along the epi-

physeal cartilage surface. Its form is age-appropriate for an early juvenile (Scheuer and

Black, 2000).

The Proximal Metaphysis

The metaphyseal surface is elongated in an anterolateral to posteromedial direction.

The minimum diameter is 65.1% of the maximum metaphyseal diameter. This reflects a

posteromedial diaplacement of the head relative to the diaphysis, one that may have been

associated with an apparent projection of the greater and lesser tubercles (or their partly ossi-

fied and largely cartilagenous precursors) for the rotator cuff muscles. There is a strong

proximally directed peak near the middle of the metaphysis, in line proximodistally with the

medial cortical bone of the diaphysis. The peak extends ca.8.5 mm above the metaphyseal

edge. The contained trabeculae show a modest degree of organization in the several mil-

limeters just below the metaphyseal surface (Fig. 30-6).

There is also a clear but moderate torsion of the head metaphysis relative to the distal

one (151°). Torsion angles are unavailable for immature Late Pleistocene humeri, but adult

samples (assuming consistent patterns from juvenile to adult years) provide lower but vari-

able values for Neandertal adults [135.8° ± 8.2°, N = 6 (Heim, 1982a; Vandermeersch and

Trinkaus, 1995)] than for Gravettian adults [144.8° ± 12.9°, N = 8 (Matiegka, 1938; Sládek et

al., 2000; Trinkaus, 2000b)], despite considerable overlap between the samples. 

The Diaphysis

The diaphysis is essentially straight mediolaterally (in anteroposterior view). The bone

exhibits a straight proximal diaphysis anteroposteriorly (in mediolateral view), with a mod-

erate anterior curving distally. 

Dorsally, the diaphysis is gently convex from the surgical neck to the supraolecranon flat-

tening. There is no trace of a ridge for the medial head of the triceps brachii muscle or of a “radi-

al nerve” sulcus. The medial surface presents a narrow convexity from distal of the head meta-

physis to the medial supracondylar pillar. Laterally, the diaphysis is evenly convex, rotating from

posterolateral proximally to anterolateral distally. There is a small nutrient foramen on the lat-

eral surface, located 21 to 25 mm distal of the lateral proximal metaphyseal edge, entering the

cortical bone distally, and 0.9 mm wide. The deltoid tuberosity is present as a slightly rugose

surface irregularity entirely within the convex contour of the lateral diaphysis. The rugosity

remains on the lateral surface, and it does not curve to the anterior edge of the diaphysis. It is

ca.23 mm long and 3-4 mm maximally wide; the estimates are due to slight surface erosion

combined with the minimal distinction between it and the adjacent subperiosteal bone.
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The anteromedial diaphyseal surface presents several features of interest. Proximally,

extending ca.40 mm from the proximal metaphyseal margin, there is a strong concavity along

the anterior half of the surface. It has a maximum breadth of 6 mm and a depth of 0.6 mm.

It corresponds to the intertubercular sulcus, but there is no corresponding notch in the adja-

cent metaphysis. This sulcus is bordered laterally by a marked rugosity along the medial side

of the anterior ridge (or anterior edge of the anteromedial surface) (Fig. 30-7). The rugosity is

51 mm long, starting 16 mm distal of the proximal metaphyseal edge. Its maximum breadth

is 5.4 mm, occurring ca.27 mm below the anterior metaphyseal margin. The rugosity is clear-

ly for the pectoralis major muscle, and the pronounced sulcus medial of it may have been

formed in part by a raising of the ridge of bone under the pectoralis major tuberosity. Indeed,

in the region of the rugosity, the index of maximum to minimum diameters is 158.0, indi-

cating the degree to which the diaphysis is expanded anteromedially in this region.

Pectoralis major tuberosities are consis-

tently pronounced among adult Neandertals,

but are much less evident among early mod-

ern humans, with only a little overlap be-

tween the samples in relative tuberosity size

(Churchill and Smith, 2000a; Trinkaus,

2000c). They are also relatively pronounced

in immature archaic humans, including the

juvenile La Ferrassie 6 and Roc de Marsal 1

and the adolescent La Crouzade 1 specimens

(de Lumley, 1973; Heim, 1982b; Madre-

Dupouy, 1992), as well as the late Middle

Pleistocene late archaic Irhoud 4 juvenile

(Hublin et al., 1987). The La Ferrassie 6 ju-

venile humerus provides a maximum to

minimum index across the pectoralis major

tuberosity of 163.0, similar to that of Lagar

Velho 1.

The Qafzeh 10 juvenile humerus and

(probably, due to damage) the Skhul 1 humeri

present little development of either the sulcus

or the rugosity seen on the Lagar Velho 1

humerus (McCown and Keith, 1939; Tillier,

1999). Data on Gravettian juvenile humeri

are lacking, but some rugosity of the pec-

toralis major tuberosity is seen in late Upper

Paleolithic juvenile humeri [e.g., Fanciulli

(Grotte-des-Enfants) 2 but not Fanciulli 1

(Henry-Gambier, 2001)], possibly associated

with generally greater robusticity of late

Upper Paleolithic humeri relative to earlier

Upper Paleolithic ones (Churchill, 1994; Holt

et al., 2000).

There are two nutrient foramina on

the anterior surface. One is between 41 and

47 mm from the anterior metaphyseal mar-
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FIG. 30-7 – Proximoanterior view of the left humerus. Scale in

centimeters.



gin, 0.9 mm wide, and located on the posterior half of the anteromedial surface. The other

is further distal, between 76.5 and 80.5 mm from the anterior proximal metaphyseal mar-

gin, 1.0 mm wide, and located in the middle of the anteromedial surface.

Metrically, there is little to separate the few juvenile Late Pleistocene humeri that

provide measurements. A midshaft minimum to maximum diameter index of 80.7

places Lagar Velho 1 close to Roc de Marsal 1 (80.4) and slightly below the value (82.2)

for Qafzeh 10. A robusticity index [(midshaft max. x min.)1/2 / intermetaphyseal length]

provides a value of 7.16 for Lagar Velho 1 which is close to a Skhul 1 estimated value

(7.09), above that of Qafzeh 10 (6.97) and below the estimated value for Roc de Marsal 1

(7.84).

As noted earlier, comparative cross-sectional data for other Late Pleistocene juvenile

humeri are very limited. Fig. 30-8 shows percent cortical area for the 40% (mid-distal)

humeral location in Lagar Velho 1, Dederiyeh 1, Skhul 1 and the two recent comparative

samples. All three Late Pleistocene specimens are fairly close in %CA, although Lagar

Velho 1 is the lowest, and all three are close to the Pecos mean but at the lower edge of

the range for the Denver sample. Thus, Lagar Velho 1 has relatively thin humeral cortices

but not to the same extent as in the lower limb (Chapter 29). Mid-distal humeral antero-

posterior to mediolateral bending strengths (section moduli) for Lagar Velho 1 and com-

parative specimens are shown in Fig. 30-9 (for recent specimens, only the Pecos and not

the Denver samples could be used for reasons explained in Chapter 29). A theoretical line

indicating equivalent strengths in the two planes is also plotted. Most of the data points

cluster around this line, indicating relatively circular cross sections at this diaphyseal

location (the average ratio of anteroposterior to mediolateral bending strength in the

Pecos sample is 1.08, not significantly different from 1.0). The three Pleistocene speci-

mens are quite close to each other and on this basis are not distinguishable. 
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FIG. 30-8 – Humeral 40% location percent cortical area in

Lagar Velho 1 and other Late Pleistocene and recent

juveniles (see text for list of specimens included).

Horizontal lines indicate sample means.

FIG. 30-9 – Humeral 40% location anteroposterior (A-P) relative

to mediolateral (M-L) bending strengths (section moduli) in

Lagar Velho 1 and other Late Pleistocene and recent juveniles.

Star: Lagar Velho 1; large square: Neandertal (Dederiyeh 1);

circle: early modern (Skhul 1); small squares: recent (Pecos).

Theoretical line with slope of 1.0 and intercept of 0 plotted.



Given the very small samples available, questions regarding the most biomechani-

cally appropriate “size” measure to use for upper limb bones (Ruff et al., 1993; Churchill,

1994; Ruff, 2000c), and the lack of body mass estimates for any of the Late Pleistocene

individuals with sufficiently intact humeri except Lagar Velho 1, comparisons of humer-

al cross-sectional properties relative to body size measures are not presented here.

However, it can be stated that relative to either bone length or body mass times bone

length, the Lagar Velho 1 humerus falls within the general range represented by recent

and Late Pleistocene specimens, i.e., it appears neither particularly “weak”, nor “strong”

relative to body size. 

Table 30-3
Midshaft cortical thicknesses of the Lagar Velho 1 left humerus, ulna and radius, in
millimeters, from radiographs.

Humerus Ulna Radius

Anterior 1.7 1.5 1.5

Posterior 2.2 1.7 1.2

Medial 2.2 1.5 1.8

Lateral 1.5 (1.0)1 (1.7)2

Notes:
1 Estimated due to trabecular bone along the lateral midshaft.
2 Taken at the distal end of the lateral diaphyseal minor trauma (see Chapter 31).

Table 30-4
Cross-sectional geometric parameters of the Lagar Velho 1 left humerus. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.

20% 35% 40% 50% 65% 80%

Total area 109.6 87.1 86.4 83.9 88.0 89.2

Cortical Area 48.6 44.9 45.8 46.0 46.7 40.4

Medullary Area 61.1 42.2 40.6 38.0 41.3 48.9

Anteroposterior second moment of area (Ix) 587.5 485.3 480.7 470.4 451.4 375.8

Mediolateral second moment of area (Iy) 780.9 450.4 453.8 434.2 538.9 634.0

Maximum second moment of area (Imax) 797.2 499.1 512.9 529.2 632.3 741.2

Minimum second moment of area (Imin) 571.1 436.7 421.6 375.4 358.0 268.6

Polar moment of area (J) 1368.3 935.7 934.5 904.6 990.3 1009.8

Orientation of Imax (theta) -15.6 62.0 53.6 51.8 35.7 28.4

Anteroposterior section modulus (Zx) 96.0 84.2 82.8 79.9 83.0 70.0

Mediolateral section modulus (Zy) 113.6 83.9 84.6 82.0 92.7 98.3

The Distal Portion

The Lagar Velho 1 humerus presents a broad and deep olecranon fossa, with a

smooth and rounded proximal margin, a largely rounded lateral margin, but an angled

medial margin. The lateral pillar is much larger than the medial one, with its minimum

breadth being 1.78 times that of the medial side. There is a distinct coronoid fossa ante-

riorly with clear medial, lateral and proximal margins. The radial head fossa is readily

apparent, but its margins grade into the anterior distal surface. There are no supracondy-

lar crests formed, but a distinct line is present on the lateral side (the medial side is part-

ly damaged).
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The Left Ulna

The left ulna retains an essentially complete diaphysis, from the proximal olecranon

surface to the distal metaphysis (Fig. 30-10; Table 30-5). Since the proximal (triceps

brachii) and distal (articular) epiphyses do not begin ossification until sometime after the

probable age-at-death of Lagar Velho 1 [5-7 years proximally and 8-10 years distally

(Scheuer and Black, 2000)], it is not surprising that neither of them has been recovered.

The diaphysis was snapped postmortem just distal of midshaft, but it has reassembled

without difficulty.
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FIG. 30-10 – Anterior views of the left ulna and radius (left) and medial view of the radius and lateral view of the ulna (right).

Scale in centimeters.



Table 30-5
Osteometrics of the Lagar Velho 1 left ulna in millimeters.

Intermetaphyseal length 122.7

Biomechanical length1 (112.0)

Mid-trochlear notch to head metaphysis (biomechanical length) 115.0

Coronoid articulation to head metaphysis (articular length) (110.5)

Olecranon to distal minimum dorsal curvature chord 110.0

Olecranon to distal minimum dorsal curvature subtense 3.5

Olecranon to distal minimum dorsal subtense position (to proximal) 27.0

Coronoid to distal minimum dorsal curvature chord 90.0

Coronoid to distal minimum dorsal curvature subtense 1.0

Coronoid to distal minimum dorsal subtense position (to proximal) 25.0

Midshaft anteroposterior diameter 7.5

Midshaft mediolateral diameter 6.7

Distal pronator quadratus anteroposterior diameter 6.0

Distal pronator quadratus mediolateral diameter 5.8

Mid-trochlea to dorsal proximal surface 8.9

Coronoid height 9.5

Olecranon breadth 10.1

Mid trochlear notch minimum breadth 8.3

Coronoid breadth (13.0)

Radial facet anteroposterior diameter 5.6

1 Same as radius biomechanical length — see text and Table 30-7.

The Proximal Portion

The whole of the articular area of the proximal ulna is deviated slightly volarly and

medially. This produces a greater degree of diaphyseal curvature when the chord is taken

from the dorsal olecranon than when it goes from the dorsal coronoid process (Table 30-5). 

The olecranon process rises volarly little above the floor of the trochlear notch, a pat-

tern seen in Neandertal, early modern human and recent human juvenile ulnae (Heim,

1982b; Madre-Dupouy, 1992; Scheuer and Black, 2000) despite the contrasts in trochlear

orientation among late archaic versus early modern human mature proximal ulnae

(Churchill et al., 1996). The trochlear notch has a mediolaterally rounded proximal mar-

gin, exhibits a clear mediolateral constriction midway proximodistally, and broadens dis-

tally across the coronoid process. The distal broadening consists especially of a medial

flare of the coronoid process. The radial facet is a parallelogram that is concave dorso-

volarly (Figs. 30-10 and 30-11).

Just distal of the coronoid process, there is a strong anterior crest or ridge which

extends from the middle of the coronoid process distally along the anterior diaphysis. It

fades into the anterior diaphyseal surface ca.21 mm from the coronoid process edge. The

brachialis muscle surface medial of the ridge is smooth and slightly concave. Lateral of

the ridge there is a distinct oval fossa between the supinator crest and the anterior ridge,

9 mm long and 6 mm wide. The supinator crest is clearly present from the proximal end

of the radial facet onto the proximal diaphysis. Its rugosity extends for 15.5 mm from the

proximal radial facet. The posteromedial and posterolateral surfaces are concave and con-

vex respectively but smooth.
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The Diaphysis

The diaphysis presents a gentle ‘S’ curve in anteroposterior view, and it is essentially

straight in mediolateral view (Fig. 30-10). The midshaft cross section is subtriangular with a

crest angulation at the interosseus crest. The anterior and posterolateral surfaces are mod-

estly convex, whereas the posteromedial one is flat. Distally, the interosseus crest becomes

rounded but more rugose. 

Anterolaterally on the distal diaphysis there is a distinct, if small, pronator quadratus

crest. It spirals across the diaphysis from anteromedial to more directly medial. The line is

ca.1.4 mm wide and is sufficiently raised to create an open angle on the anteromedial distal

diaphysis (Fig. 30-10). Among Late Pleistocene adult humans, Neandertals consistently have

pronounced pronator quadratus crests (Trinkaus, 1983), whereas they are more variably

developed among early modern humans. The early appearance of this crest on the Lagar

Velho 1 distal ulna suggests a pronounced pronator quadratus muscle for so young an indi-

vidual, but it is unclear to what extent it would have developed the more prominent crest

seen in Neandertal adults and a minority of mature early modern humans. However, the

similarly aged La Ferrassie 6 Neandertal ulna has barely a trace of the pronator quadratus

attachment.
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FIG. 30-11 – Anterior view of the proximal left ulna (left) and anterior view of the distal left ulna (right). Scale in centimeters.



Using the midshaft diameters [(AP x ML)1/2 / max.len.], it is possible to compute a

robusticity index of 5.8 for the Lagar Velho 1 ulna. The same index for Roc de Marsal 1 and

La Ferrassie 6 is 7.4 and 7.2 respectively and 6.6 for Qafzeh 10. The Lagar Velho 1 diaphysis

therefore appears to be gracile compared to these other Late Pleistocene juvenile ulnae.

Since no comparative cross-sectional data for other Late Pleistocene juvenile ulnae are avail-

able, the ulnar cross-sectional data for Lagar Velho 1 are only presented for future analysis

(Table 30-6)

Table 30-6
Cross-sectional geometric parameters of the Lagar Velho 1 left ulna. Areas in mm2,
second moments of area in mm4, section moduli in mm3, theta in degrees.

20% 35% 50% 65% 80%

Total area 25.5 29.0 36.1 44.1 56.6

Cortical Area 15.3 18.3 22.1 26.2 31.5

Medullary Area 10.2 10.7 14.0 17.9 25.1

Anteroposterior second moment of area (Ix) 43.7 67.3 95.0 149.0 281.9

Mediolateral second moment of area (Iy) 44.0 50.2 83.6 111.7 148.6

Maximum second moment of area (Imax) 47.2 69.7 101.0 149.0 282.2

Minimum second moment of area (Imin) 40.5 47.8 77.5 111.7 148.3

Polar moment of area (J) 87.7 117.5 178.5 260.7 430.5

Orientation of Imax (theta) 43.6 70.9 59.6 88.9 -87.1

Anteroposterior section modulus (Zx) 14.4 19.9 26.0 36.8 56.1

Mediolateral section modulus (Zy) 14.9 17.4 23.1 29.5 40.8

The Radii

The left radial diaphysis is complete except for the proximal metaphysis, which was lost

postmortem (Fig. 30-10; Table 30-7). Even though none of the proximal metaphysis is pre-

sent, the medial flare and rugosity at the break indicates that it was very close to the original

surface. One millimeter has therefore been added to the preserved length to provide an esti-

mated intermetaphyseal length of 105.5 mm. If anything, this estimate is likely to underes-

timate the intermetaphyseal length by a millimeter or so.

Table 30-7
Osteometrics of the Lagar Velho 1 left radius in millimeters and degrees.

Intermetaphyseal length1 (105.5)

Biomechanical length2 (112.0)

Diaphyseal curvature chord (lateral and dorsal) 80.0

Diaphyseal lateral curvature subtense (1.2)

Diaphyseal dorsal curvature subtense 1.5

Proximal shaft anteroposterior diameter3 7.2

Proximal shaft mediolateral diameter 7.8

Interosseus crest anteroposterior diameter 6.9

Interosseus crest mediolateral (maximum) diameter 8.6

Distal shaft minimum anteroposterior diameter 6.7

Distal shaft minimum mediolateral diameter 7.7

Head-neck length1 (17.2)

Neck anteroposterior diameter 8.1
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Table 30-7 [cont.]
Neck mediolateral diameter 8.0

Tuberosity length 12.1

Tuberosity breadth 7.3

Tuberosity position4 2

Maximum diameter across the tuberosity and shaft 9.8

Minimum diameter across the shaft at the tuberosity 7.7

Neck-shaft angle 5°

Distal metaphyseal anteroposterior diameter 10.8

Distal metaphyseal mediolateral diameter 15.7

Distal epiphyseal proximodistal maximum thickness 3.5

Distal epiphyseal anteroposterior diameter 7.8

Distal epiphyseal mediolateral diameter 10.8

Notes to Table 30-7:
1 Estimation due to absence of the proximal metaphyseal surface. Given the flare for it preserved, the original

metaphyseal surface was ca.1.0 mm from the preserved proximal end. One millimeter has therefore been added to the

preserved intermetaphyseal (105.5 mm) and head-neck (16.2 mm) lengths.
2 Length from the center of the radial head articular surface to the center of the radiocarpal articular surface (estimated

— see text).
3 Diameters taken midway between the radial tuberosity and the proximal end of the interosseus crest (Trinkaus, 1983).
4 Position of the interosseus crest relative to the dorsovolar third of the tuberosity. Position 2 indicates that the crest is in

line with the dorsal third of the tuberosity.

This diaphysis is joined by a largely complete right distal epiphysis and diaphyseal frag-

ments of the right radius. The left radius sustained a minor traumatic injury to the lateral

midshaft, which altered slightly the lateral diaphyseal surface contour but did not affect the

rest of the bone (see Chapter 31).

The Proximal Portion

The radial neck is round, with its diameters (anteroposterior versus mediolateral) pro-

viding an index of 101.3. The two juvenile Neandertals providing data, Roc de Marsal 1 and

La Ferrassie 6, have wider necks (indices of 96.3 and 93.8 respectively), whereas two early

modern human juveniles, Qafzeh 10 and Skhul 1, provide indices of 105.1 and 112.3. 

The estimated neck length of 17.2 mm for Lagar Velho 1 is moderately long. Its relative

length is indicated by its index relative to intermetaphyseal length (ca.16.3); this value is

above those of Skhul 1, Qafzeh 10 and Roc de Marsal 1, all three of which provide indices of

ca.13.3. Neandertal adults have relatively longer radial necks than early modern humans

(Trinkaus, 2000c), which are influenced by both their radial neck lengths and their short

radial lengths. Given the moderately low brachial proportions of Lagar Velho 1, it remains

unclear whether it had a long radial neck length compared to these other Late Pleistocene

juvenile specimens.

The radial tuberosity is a prominent nubbin of bone. It has clear borders with the adja-

cent diaphysis and neck. There is a raised ridge extending distally onto the anteromedial dia-

physis, but the proximal diaphysis is otherwise rounded. 

The radial tuberosity is positioned anteromedially, such that its dorsal third is in line

with the interosseus crest [position 2 (Trinkaus and Churchill, 1988)] (Figure 30-12). This is

the most common position encountered in earlier Upper Paleolithic adult radii, of whom

79.6% (N = 27) exhibit this radial tuberosity position and the other radii have it more ante-

riorly placed. In contrast, only 43.8% (N = 8) of European Neandertal adults (including La
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Quina 5, Spy 1, the left radius of Régourdou 1 and the

chronologically late Saint-Césaire 1) have the anterome-

dially oriented radial tuberosity, whereas the others have

it oriented directly medially (Churchill, 1994). For the

Near Eastern Neandertals, only one (Shanidar 4) has the

anteromedial orientation, whereas all of the others

exhibit the directly medial orientation (N = 6) (Churchill,

1994). Among immature Neandertals, four early juve-

nile specimens (Cova Negra 4, Dederiyeh 1, La Ferrassie

6 and Roc de Marsal 1) have the medially oriented

tuberosity, whereas among three later juvenile speci-

mens (La Ferrassie 3, Hortus 43 and Macassargues 1)

two have the medial tuberosity orientation and one has

the anteromedial position. The Skhul 1 and Qafzeh 10

radii both have the anteromedial orientation of the tube-

rosity. The Lagar Velho 1 orientation therefore is more

commonly found among early modern [and recent

(Churchill, 1994)] immature and mature radii; however,

it also occurs in a significant minority of the Nean-

dertals. Moreover, the arrangement seen in Lagar Velho

1 is also found in the one Upper Paleolithic Neandertal

radius known, that of Saint-Césaire 1.

The Diaphysis

The diaphysis presents a clear but not prominent

interosseus crest, providing a tear-dropped cross section

along the proximal and middle shaft. There is a minimal

sulcus on the anterior side of the crest for 23 mm of the

middle of the crest, but otherwise the interosseus crest

is not separated from the contours of the shaft.

The lateral curvature of the shaft is modest (the esti-

mation of the subtense is due to correction for the minor

diaphyseal trauma). There is also a slight dorsal convexity

to the shaft. In its degree of curvature, it contrasts with the

pronounced lateral radial curvature seen in most (but not

all) mature Neandertal radii, and it resembles most adult

early modern human radii. However, the Neandertal Cova

Negra 4 and Roc de Marsal 1 radii exhibit levels of lateral

curvature similar to the Lagar Velho 1 one (Madre-

Dupouy, 1992; Arsuaga et al., 2001a), and the degree of

lateral curvature of the La Ferrassie 6 radius is not much

greater (Heim, 1982b). It is only in the older immature

specimens, such as La Ferrassie 3, that the lateral curva-

ture evident in the adults becomes readily apparent.

An index of robusticity [(shaft AP x ML)1/2 / max.len.]

provides a value of 7.3 for Lagar Velho 1. This value is
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FIG. 30-12 – Medial view of the proximal left

radius, showing the relationship of the

interosseus crest and the radial tuberosity.

Scale in centimeters.



above those of Skhul 1 (5.6), Cova Negra 4 (5.8), Qafzeh 10 (6.3) and Roc de Marsal 1 (6.7), in

contrast to its rather gracile ulnar robusticity index compared to two of the same Late

Pleistocene juvenile specimens. Since there are no comparative data available for juvenile radi-

al cross sections, the cross-sectional data for the Lagar Velho 1 left radius are only presented in

tabular form (Table 30-8).

Table 30-8
Cross-sectional geometric parameters of the Lagar Velho 1 left radius. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.

20% 35% 50% 65% 80%

Total area 45.5 39.3 39.0 44.8 54.3

Cortical Area 21.4 22.9 24.3 23.3 21.3

Medullary Area 24.0 16.4 14.7 21.5 33.0

Anteroposterior second moment of area (Ix) 90.2 94.6 96.4 101.7 148.0

Mediolateral second moment of area (Iy) 157.3 110.0 117.3 149.1 145.5

Maximum second moment of area (Imax) 159.7 114.3 121.4 153.3 163.0

Minimum second moment of area (Imin) 87.8 90.3 92.4 97.6 130.5

Polar moment of area (J) 247.5 204.6 213.8 250.9 293.5

Orientation of Imax (theta) -10.6 -25.0 -21.9 -15.8 -47.2

Anteroposterior section modulus (Zx) 26.1 26.8 25.0 27.9 34.3

Mediolateral section modulus (Zy) 35.1 28.3 29.6 34.6 33.5

The Distal Portion

The distal metaphysis is straight across the volar edge and evenly convex around the

dorsal sides. The metaphysis flares volarly from the adjacent diaphysis, and there is a

slight rugosity 3-4 mm from the metaphyseal edge on the dorsal side. The metaphyseal

surface is largely flat, and it is turned medially 5° relative to the perpendicular to the

shaft axis.

The Hand Remains

The hand remains consist of an incomplete set of well preserved left carpals,

metacarpals and phalanges and a more complete but individually less well preserved set of

right hand bones (Chapter 13; Figs. 30-13 to 30-15; Tables 30-10 to 30-17). The metacarpals

and phalanges of the right hand were identified as to digit in situ, and those identifications

are secure. The left metacarpals and phalanges were mixed in situ, and they have been

assigned to digit based on size and morphological comparisons to the preserved right bones.

The carpal bones are all incomplete with eroded surfaces; they have been tentatively identi-

fied based on overall shape and with respect to which carpal bones are ossified in a 4 to 5

year old recent human child (Greulich and Pyle, 1959). On the basis of this, the larger ones

represent the hamate and the capitate, and the smaller ones the lunate and triquetral. The

carpal bones and their overall dimensions are listed in Chapter 13, and they are not consid-

ered further here.
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Overall Hand and Thumb Proportions

There are limited comparative data for hand proportions in Late Pleistocene juveniles

(Heim, 1982b; Madre-Dupouy, 1992; Tillier, 1999; Trinkaus, pers. observ.), but some data

exist for the Skhul 1 and Qafzeh 10 and 21 early modern humans and the La Ferrassie 6 and

Roc de Marsal 1 Neandertals. In addition, limited data exist for the older La Ferrassie 3 and

Qafzeh 11 late juveniles (Table 30-9).

Table 30-9
Length indices for metacarpals and phalanges of Late Pleistocene immature
remains. Intermetaphyseal lengths used for the younger juveniles; interarticular
lengths employed for the older La Ferrassie 3 and Qafzeh 11 remains.

MC-3 / Radius MC-1 / MC-3 PP-1 + DP-1 / MC-1 DP-1 / PP-1

Lagar Velho 1 26.7 70.2 118.2 74.6

La Ferrassie 6 – (67.0) – –

Roc de Marsal 1 26.9 70.2 137.2 69.8

Qafzeh 21 – – 130.0 87.3

Skhul 1 22.5 (63.7) – –

Qafzeh 10 23.6 77.0 133.8 65.7

La Ferrassie 3 – (60.6) (134.6) 93.7

Qafzeh 11 (27.3) (109.7) (71.9) 72.7

Using metacarpal 3 length as a proxy for hand length, the index of its length relative to

radial length for Lagar Velho 1 (26.7) is close to those of Roc de Marsal 1 (26.9) and the older

Qafzeh 11 (27.3) and slightly above those of Skhul 1 (22.5) and Qafzeh 10 (23.6). Since over-

all hand to arm length is similar for Late Pleistocene adult humans (Trinkaus, 1983), this

similarity is not surprising. The relative thumb length of Lagar Velho 1, indicated by the

metacarpal 1 to 3-length index, also falls well within the overlapping ranges of variation of

the immature Late Pleistocene humans. As with the adult remains, neither sample exhibits

shortening of the pollex.

Neandertal adults have been shown to consistently exhibit a relative shortening of the

proximal pollical phalanx and a commensurate elongation of the distal one, in the context of

an overall thumb length similar to that of recent humans (Trinkaus and Villemeur, 1991; see

also Heim, 1982a; Trinkaus, 1983; Vandermeersch, 1991; Villemeur, 1994). Additional early

modern human data confirm the high degree of separation of Neandertal and early modern

human adult relative pollical phalangeal lengths (Sládek et al., 2000; Trinkaus, 2000c).

Among immature specimens, however, the differences are less clear (Table 30-9). The older

(ca.10 years) La Ferrassie 3 hand exhibits the subequal lengths of the pollical phalanges

found among Neandertal adults, and Qafzeh 10 and 11 possess the relatively shorter distal

phalanx of early and recent modern human adult hand remains. However, Roc de Marsal 1

also exhibits the relatively shorter distal pollical phalanx, in the context of a thumb that is

overall relatively long, and the younger (ca.3 years) Qafzeh 21 has intermediate proportions.

In the context of this, the Lagar Velho 1 pollical phalangeal relative lengths are similar to

both Neandertal and early modern human juveniles. It may well be that the more similar

lengths of these phalanges among the Neandertals only appear subsequent to the develop-

mental period of Lagar Velho 1 and Roc de Marsal 1.
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The Pollex

The thumb remains of Lagar Velho 1 (Fig. 30-13;

Tables 30-10, 30-11 and 30-13) present several features of

note. The first metacarpal has a round and concave prox-

imal metaphysis, a gently convex dorsal diaphysis and a

more concave palmar one, with no trace of the attachment

for the first dorsal interosseus muscle ulnarly, but a clear

line for the attachment of the opponens pollicis muscle

radially. In its minimal development of the opponens pol-

licis attachment and the absence of a clear crest for the

muscle, Lagar Velho 1 resembles at least the early modern

human juveniles from Qafzeh and contrasts with imma-

ture Neandertals such as La Ferrassie 3 and 6 and

Zaskalnaya 3 (Vlček, 1975; Heim, 1982b). The head pre-

sents a distinct bulbous area of subchondral bone, clearly

demarcated from the distal diaphysis.

The proximal phalanx tapers evenly from the proxi-

mal metaphysis to the distal subchondral bone; it lacks the

radioulnar waisting of the diaphysis seen in the Qafzeh 21

and 10 pollical proximal phalanges and evident to a lesser

degree in the Roc de Marsal 1 homologous phalanx. 

Table 30-10
Osteometrics of the Lagar Velho 1 left metacarpal bones in millimeters and degrees. 

MC-1 MC-2 MC-3 MC-4

Intermetaphyseal length 19.8 (29.2) 28.2 25.7

Midshaft dorsopalmar height 5.8 4.9 5.7 4.4

Midshaft radioulnar breadth 7.0 5.3 5.1 4.2

Proximal dorsopalmar height 8.1 8.4 7.9 6.2

Proximal radioulnar breadth 8.1 7.4 6.7 5.5

Distal dorsopalmar height 6.7 – 8.4 7.8

Distal maximum radioulnar breadth 7.6 – 6.7 6.1

Distal ‘articular’ radioulnar breadth1 5.9 – – –

Torsion angle2 – – 11° 3°

Notes:
1 Breadth across the distal rounded projection of the subchondral bone.
2 A positive torsion angle indicates a radial turning of the dorsal surface.

Table 30-11
Osteometrics of the Lagar Velho 1 right proximal manual phalanges, in millimeters.

PP-1 PP-2 PP-3 PP-5

Intermetaphyseal length 13.4 20.5 21.6 15.6

Midshaft dorsopalmar height 3.1 3.1 3.4 2.8

Midshaft radioulnar breadth 6.7 6.4 5.9 4.7

Proximal dorsopalmar height 5.4 5.8 5.5 (5.0)

Proximal radioulnar breadth 7.8 8.4 8.0 (6.5)

Distal dorsopalmar height 3.7 4.3 4.2 3.6

Distal maximum radioulnar breadth 6.2 6.5 6.4 5.2

Distal ‘articular’ radioulnar breadth 5.1 5.5 5.6 3.4

485

chapter 30 | THE UPPER LIMB REMAINS

FIG. 30-13 – Palmar view of the pollical bones,

including the right proximal and distal

phalanges and the left metacarpal and

phalanges. Scale in centimeters.



Table 30-12
Osteometrics of the Lagar Velho 1 left proximal manual phalanges, in millimeters.

PP-1 PP-2 PP-3 PP-4 PP-5

Intermetaphyseal length 13.7 20.9 22.3 19.6 15.6

Midshaft dorsopalmar height 3.5 3.1 3.6 3.1 2.8

Midshaft radioulnar breadth 5.9 6.3 6.4 6.2 4.8

Proximal dorsopalmar height 5.7 5.7 6.2 6.2 5.2

Proximal radioulnar breadth 7.0 7.5 8.2 8.7 6.8

Distal dorsopalmar height 4.1 4.4 4.6 4.3 3.5

Distal maximum radioulnar breadth 5.4 6.4 7.1 6.5 5.1

Distal ‘articular’ radioulnar breadth 5.2 5.2 5.3 5.4 3.7

Table 30-13
Osteometrics of the manual distal pollical phalanges, in millimeters and degrees.

Right Left

Intermetaphyseal length – 10.0

Midshaft dorsopalmar height 2.3 2.6

Midshaft radioulnar breadth 4.2 4.5

Proximal dorsopalmar height – 4.0

Distal maximum radioulnar breadth 4.7 5.0

Ulnar deviation angle – (5°)

The distal phalanges are of note for their clear and pronounced insertions for the tendon

of the flexor pollicis longus muscle and for the marked ulnar deviation of the diaphysis rela-

tive to the proximal (interphalangeal) metaphysis. The former feature is poorly expressed on

the younger Qafzeh specimens. The angular deviation of the distal phalanx is reflected in both

the orientation of the proximal metaphysis and in the deviation of the apical tuft toward the

ulnar side. Ulnar deviation is present on many human mature distal pollical phalanges, but

it is consistently more pronounced among the Neandertals, relative to both recent and early

modern humans (Trinkaus, 1983). The Qafzeh 21, 10 and 11 distal phalanges exhibit little of

this ulnar deviation, whereas it is clearly present on the Roc de Marsal 1 phalanx. There are

no earlier Upper Paleolithic juvenile distal pollical phalanges, but the late Upper Paleolithic

Fanciulli 2 child lacks any indication of such an ulnar deviation (Henry-Gambier, 2001).

The distal apical tuft appears to be moderately large. However, an index of distal breadth

to length (50.0 for Lagar Velho 1) is close to that of Roc de Marsal 1 (51.5), but it is between

those for Qafzeh 21 (59.4) and Qafzeh 10 (46.7). This index is undoubtedly affected strongly

by the relative growth trajectories of these two measurements, and it is not possible to differ-

entiate these juvenile specimens on the basis of relative apical tuft development.

The Ulnar Digits

The ulnar digits primarily appear similar to the same bones of most human juveniles

(Figs. 30-14 and 30-15; Tables 30-10 to 30-12 and 30-14 to 30-17). The left metacarpal bases cor-

respond to the configurations normally seen for each of the digits. The second and third

metacarpals have rounded subtriangular shafts, whereas the fourth one is merely elliptical in

cross-sectional shape. The proximal phalanges present clear flexor tendon sheath lines on the

second to fourth phalanges. The heads turn distinctly palmarly. The middle phalanges show

clear impressions for the insertions of the flexor digitorum superficialis tendons, decreasing
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from radial to ulnar such that they are marked

on the second and third middle phalanges,

less so on the fourth ones, and barely appar-

ent on the fifth one. Both the proximal and

the middle phalanges show little waisting

between the base metaphyses and their heads. 

The one left distal phalanx and the four right ones exhibit large (relative to their diaphy-

ses) apical tufts, which are rounded and spatulate. The only published juvenile ulnar distal pha-

langes for the Neandertals are two from the older La Ferrassie 3 hand, and they have relatively

broad apical tufts (Heim, 1982b). However, the Qafzeh 21 and 11 early modern humans (Tillier,

1999), the Fanciulli 1 and 2 Magdalenian children (Henry-Gambier, 2001), as well as recent

human juveniles (Greulich and Pyle, 1959), exhibit similarly spatulate apical tufts.

Table 30-14
Osteometrics of the Lagar Velho 1 right middle manual phalanges, in millimeters.

MP-2 MP-3 MP-4 MP-5

Intermetaphyseal length 10.9 14.2 13.8 9.1

Midshaft dorsopalmar height 2.7 3.3 2.8 2.6

Midshaft radioulnar breadth 5.7 6.1 6.2 4.8

Proximal dorsopalmar height 4.8 – 5.0 4.1

Proximal radioulnar breadth 6.9 – 5.0 5.7

Distal dorsopalmar height 3.2 – 3.6 2.8

Distal maximum radioulnar breadth 5.5 – 5.8 4.7

Distal ‘articular’ radioulnar breadth 4.9 – 4.5 4.1

Table 30-15
Osteometrics of the Lagar Velho 1 left middle manual phalanges, in millimeters.

MP-2 MP-4

Intermetaphyseal length 10.6 13.7

Midshaft dorsopalmar height 2.8 3.2

Midshaft radioulnar breadth 5.7 5.9

Proximal dorsopalmar height 4.5 6.0

Proximal radioulnar breadth 6.8 (7.2)

Distal dorsopalmar height 3.0 4.2

Distal maximum radioulnar breadth 5.4 6.2

Distal ‘articular’ radioulnar breadth 4.2 5.2
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FIG. 30-15 – Palmar view of the right manual phalanges. Scale

in centimeters.

FIG. 30-14 – Palmar view of the left metacarpals and manual

phalanges. Scale in centimeters.



Table 30-16
Dimensions of the proximal and middle manual phalangeal proximal epiphyses, in
millimeters.

PP-? Left PP-? Left MP-3 Right MP-4 Right Phalanx

No.321b No.367 No.111b No.105b Right?

Thickness 1.3 1.2 1.1 1.1 1.2

Maximum diameter 4.5 4.5 4.1 4.5 5.1

Perpendicular diameter1 4.2 3.8 3.4 3.6 4.0

Note:
1 Diameter of the epiphysis perpendicular to the maximum diameter.

Table 30-17
Osteometrics of the manual distal phalanges from digits 2 to 5, in millimeters.

DP-2 DP-3 DP-4 DP-4 DP-5

Right Right Right Left Right

Intermetaphyseal length 7.4 8.0 8.3 8.3 6.3

Midshaft dorsopalmar height 2.1 2.3 2.2 1.9 2.0

Midshaft radioulnar breadth 2.6 3.1 3.1 3.0 2.0

Proximal dorsopalmar height 3.1 3.5 3.0 3.1 2.4

Proximal radioulnar breadth 4.0 4.7 4.6 4.4 3.0

Distal maximum radioulnar breadth 2.9 3.6 3.7 3.7 2.6

Summary

These considerations of the Lagar Velho 1 upper limb remains provide a complex mosa-

ic of features. There are indications for hypertrophied muscle attachments, particularly for

pectoralis major, flexor pollicis longus, brachialis and perhaps pronator quadratus, but other

muscle insertions (e.g., deltoideus, opponens pollicis) do not appear to be particularly well

developed. The humeral diaphyseal cortical bone is relatively thin, yet overall diaphyseal

hypertrophy appears to be similar to that of other Late Pleistocene juveniles. The clavicular

length is modest, indicating an absence of the broad shoulders of the Neandertals, but con-

siderations of its intramembral long bone proportions (Chapter 25) indicate some fore-

shortening of the forearm. The radial tuberosity is anteromedially oriented similar to early

modern humans, but the one Upper Paleolithic Neandertal known has a similar pattern.

And even though the radial lateral curvature and the pollical phalangeal length proportions

appear to align it more with early modern humans, similar proportions are also known for

Neandertal juveniles. Yet, the marked ulnar deviation of the distal pollical phalanges con-

trasts with most early modern humans and appears similar to the orientation seen in the

Neandertals. 
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chapter 31 | Paleopathology
❚ ERIK TRINKAUS ❚ SIMON W. HILLSON ❚ JOSÉ MANUEL SANTOS COELHO ❚ 

The Lagar Velho 1 remains exhibit a limited number of pathological lesions, as might

be expected in a largely healthy, if deceased, child. These include minor dental enamel

defects, a periosteal reaction on the left anterior mandibular corpus, a minor traumatic

injury to the left lateral radial diaphysis, and transverse (Harris) lines in the metaphyses of

several of the diaphyseal bones. Careful inspection of the remainder of the skeletal elements

by CD, ET, TWH, RGF and SWH revealed no other lesions or abnormalities that can be con-

sidered pathological.

Dental Paleopathology

Dental diseases

The permanent teeth were all developing inside their bony crypts within the jaws, and

therefore show no evidence of the diseases that they might have been exposed to, had they

erupted. The deciduous teeth were exposed in the mouth, but there is no sign of dental

caries. This is not unexpected, because very few pre-Holocene fossils are affected by the con-

dition (Trinkaus et al., 2000a). Most of the Lagar Velho 1 deciduous teeth bear traces of what

seems to have been dental calculus (or tartar) deposits. These are not uncommon on early

human teeth, although relatively few fossils from caves and rock shelters show them. This

could well be because the cleaning away of cemented matrix strips away the calculus, and

this clearly has not happened with the Lagar Velho 1 teeth.

Defects of dental enamel

The surfaces of most of the teeth are too abraded to see details of their crown surfaces.

Only really marked hypoplastic defects of dental enamel would have been apparent, and

there is no sign of them. Only on the permanent upper right canine and second incisor is it

possible to see such detail. Molds, using Coltène President dental impression material

(Hillson, 1992) were taken from these tooth crowns, and replicas were cast in the molds

using Epotek 301 epoxy resin. These were coated in gold and examined in a Philips scanning

electron microscope and under reflected light in a Leica stereomicroscope.

The main features of crown structure seen in the scanning electron microscope images

(Figs. 31-1 and 31-2) are perikymata. They are clearly at a regular spacing, reflecting a regular

rhythm of enamel matrix formation (Hillson and Bond, 1997). On the upper canine (Fig. 31-3),

it is possible to count 110 perikyma grooves, from the earliest formed at the unworn occlusal

tip of the crown down to the point at which enamel matrix formation was stopped by death. 

It is not possible to reconstruct the exact timing of crown formation just from an exam-

ination of the surface, but enough is known about the factors involved to arrive at an approx-
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imation. Studies of recent human teeth

have suggested that the first perikymata at

the occlusal tip of upper canines are formed

around 1.7 years of age (Reid and Dean,

2000). It is assumed here that this is a rea-

sonable starting point for the Lagar Velho 1

upper canine, although it is accepted that

there may have been slightly different tim-

ings. Similarly, in modern humans the

average time (Reid and Dean, 2000) taken

to form each perikyma is around 9 days (i.e.

the count of days between perikyma

grooves). From this, the 110 perikyma

grooves would represent 990 days of crown

formation, or about 2.7 years. If this is

added to 1.7 years, when it is assumed the

first perikyma groove was formed, then the

last enamel matrix layers would have been

laid down at around 4.4 years. This corre-

sponds not too badly to the age-at-death sug-

gested by other means (Chapter 14),

although it is a bit short compared with

some. This could be because delicate newly

formed enamel matrix is missing from the

developing crown edge, or it may be that

some of the assumptions are not correct. In

particular, the “repeat interval” for periky-

mata varies between individuals and it is

perfectly possible that a 10 day repeat inter-

val was characteristic for Lagar Velho 1,

which would give 4.7 years as the estimate

for the last enamel matrix formed. That

would be closer to the other age estimates

but, as all are based on untestable assump-

tions, this does not necessarily imply that

the 10 day repeat interval is correct.

In the context of this, two minor

defects disturb the regular progression of

perikymata in the lower third of the crown

side (Fig. 31-3). They are only just visible

with the naked eye, but are of the most common “furrow-form” type (Hillson and Bond,

1997). Both defects involve only 3 perikymata and the intervals between them, and there-

fore they represent disruption to growth over only 18 to 20 days or so. The highest defect

(labeled “a” in Fig. 31-3) is at perikyma grooves numbers 92, 93 and 94, numbered from

the first perikyma groove on the crown surface. The lower defect (labeled “b”) is at periky-

ma grooves numbers 103, 104 and 105. Applying the previous methods, using a 9-day inter-

val, they would be at 4 years and 4.2 years of age respectively. Using a 10-day repeat inter-

val would make a little difference (4.2 years and 4.5 years). Whichever way it is calculated,

FIG. 31-1 – Perikymata running across the middle of the upper

right second incisor crown. Scanning electron microscope

image (scale bar represents 500 micrometers) of epoxy

replica, sputter coated with gold (Figs. 31-2 and 31-3 were

produced in the same way). The rough area is a deposit of

sediment cemented into a slight depression in the crown

surface.

FIG. 31-2 – Detail of perikymata from the center of Fig. 31-1.

The irregular shallow steps running across the image are

the perikyma grooves, from which the counts are derived.

The surface of the crown is also decorated with many small

depressions, around 4 micrometers across. These are called

Tomes’ process pits and each one represents the position

of a single enamel matrix secreting cell (ameloblast). Most

of the isolated teeth in the Lagar Velho 1 dentition do not

show these details so clearly, due to abrasion following the

exposure of the site.
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the lower defect represents a disturbance to

growth around 2 months before the child

died, if it is assumed that not too much

immature enamel was lost after death at the

growing crown edge. Both defects represent

minor disturbances. They seem more likely

to have been a bout of some childhood

fever, rather than a nutritional deficiency,

because it seems reasonable to suggest that

the latter would be likely to last over a

longer period. By and large, however, the

tooth crowns preserve little evidence to sug-

gest that the development of this child was

greatly disturbed during its life.

Mandibular Corpus Periosteal Reaction

On the left anterolateral external corporeal surface of the mandible there is an area that

is covered by a thin layer of woven bone, distinct from the denser bone of the external

mandible (Fig. 31-4). The area is approximately 9 mm high and 12 mm anteroposterior. It

begins mesially at the level of the di2-dc1 interdental septum and continues distally to the

level of the distal dm2 root. Superiorly it is about 4 mm below the level of the dc1 alveolar

margin, and it ends inferiorly at the level of the mental foramen. There is no evidence for

bony reactions or lesions outside of this area on the external mandibular corpus, and the

adjacent deciduous dental alveoli all appear normal.

FIG. 31-3 – Perikymata and small defects showing near the

base of the crown of the upper right canine. The higher

defect (see text) is marked with a white “a” and the lower

defect with a white “b”.

FIG. 31-4 – Anterolateral detail view of the left mandibular corpus, illustrating the lesion in the vicinity of the mental foramen.
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The surface is an irregular, slightly raised area of poorly organized woven bone, which

has distinct boundaries with the adjacent cortical subperiosteal bone. The woven bone has a

thickness of 0.1 to 0.2 mm. There is a superoinferior groove running across the raised area,

which appears slightly remodeled but is nonetheless covered by a thin layer of woven bone. 

The precise etiology of the lesion is uncertain, since a variety of factors can produce a

periosteal reaction and the laying down of new bone. However, given the localized nature

of the response and the lack of evidence of significant remodeling of the woven bone, it is

likely that it resulted from an insult to the adjacent soft tissue of the left lower face. It is

unlikely to be related to dentoalveolar abnormalities, since there is no evidence for such

lesions in the adjacent alveoli or teeth. It is more likely to have resulted from a localized

trauma to the overlying soft tissue that did not directly affect the bone; radiographically

there is no evidence for trauma in the mandible. Such a superficial trauma could then have

led to inflammation of the underlying periosteum and the resultant laying down of woven

bone.

Lateral Radial Diaphysis Traumatic Lesion

On the mid-lateral diaphysis of the left radius, there is a depression with irregular bone

in the concavity (Fig. 31-5). The depression is 9.1 mm proximodistal and 4.7 mm anteropos-

terior. The concavity tapers distally, and it reaches a maximum depth relative to the tangent

between the proximal and distal normal bone margins of 5.2 mm; its depth would have been

slightly greater relative to the original laterally convex contour of the radial diaphysis. There

is a thin layer of callus extending proximally from the depression along the diaphyseal sub-

periosteal surface, extending 6.5 mm from the proximal edge of the concavity and gradual-

ly tapering off. The callus is a thin dense layer of new bone distinct from the adjacent and

less dense normal subperiosteal bone.

FIG. 31-5 – Lateral view of the left radial midshaft showing the minor traumatic lesion.
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The external concavity is paralleled by a convexity of the endosteal margin into the

medullary cavity, which largely maintains the thickness of the lateral cortical bone through

the region of the lesion (Fig. 28-6). Radiographically, the cortical thickness is 1.6 mm just

proximal and just distal of the depression but 1.3 mm in the middle of the lesion. There is

no trace radiographically of a fracture line.

It is most likely that this lesion is the product of a minor and highly localized trauma

to the lateral forearm that disrupted the periosteum and damaged the subperiosteal bone

sufficiently to cause both an external resorption of the bone and endosteal remodeling. The

small trace of callus indicates some localized inflammation, which had healed over com-

pletely by the time of the individual’s death. Since this portion of the radial midshaft is cov-

ered by thin layers of the extensor radialis brevis, extensor digitorum and probably pronator

teres muscles, the traumatic impact was probably mediated by the muscle mass. At the same

time, an impact sufficient to damage the underlying bone must have caused serious bruis-

ing of those muscles. It is unlikely that the damage was long term, and little or no trace of

the trauma would have remained had the individual survived to adulthood.

Transverse Lines

Several of the Lagar Velho 1 long bones and metapo-

dial bones exhibit traces of minor transverse (Harris) lines

(Figs. 29-6, 29-18, 30-6 and 31-6; Table 31-1). In most of

the cases, there are clear lines which traverse the entire

metaphysis. In some of the instances, however, there is a

clear line but it does not traverse the complete metaphysis.

For completeness, both have been noted, but the latter

have been placed in parentheses to note their tentative sta-

tus. The distances between the middles of the lines and

the adjacent metaphyseal surfaces were measured and

then corrected for radiographic parallax enlargement

using the actual and radiographically measured inter-

metaphyseal lengths. 

Several of the long bones exhibit distinct transverse

lines close to their metaphyseal surfaces, within 3% of the

length of the bone. These are evident in the distal radius,

femora, tibiae and left fibula, and in the proximal tibiae

and fibulae. In addition, less pronounced lines are evi-

dent at about 10% of the bone length in both the proximal

and distal tibiae (damage to the right proximal tibia

makes it unclear whether one was present at that level

bilaterally, although the preserved portion suggests that a

line was also present there), and in the first, fourth and

fifth metatarsals. There are additional ones at about 5%

and 20% of the fifth and first metatarsals respectively.

None of these lines, however, are prominent (Fig. 31-6).

FIG. 31-6 – Mediolateral radiographs of the left metatarsal bones showing the

minor transverse lines on the first, fourth and fifth metatarsals.



Table 31-1
Locations of transverse lines on the Lagar Velho 1 long bones, metacarpals and
metatarsals. 0% is distal. Indicated lines in parentheses are ones which do not
traverse the full diameter of the metaphysis.

Bone Side Proximal vs. Number Distance  Percent of  

Distal of Lines to Adjacent Inter-metaphyseal 

Metaphysis Length

Humerus Left proximal 0 – –

distal 0 – –

Ulna Left proximal 0 – –

distal 0 – –

Radius Left distal 1 2.5 2.4%

Metacarpal 1 Left proximal 0 – –

Metacarpal 2 Left distal 0 – –

Metacarpal 3 Left distal 0 – –

Metacarpal 4 Left distal 0 – –

Femur Right proximal 0 – –

distal 1 2.9 1.5%

Left proximal 0 – –

distal 1 3.3 1.7%

Tibia Right proximal 1 1.7 98.9%

distal 2 1.5, 15.4 1.0%, 10.0%

Left proximal 2 1.4, 16.6 99.1%, 89.4%

distal 2 1.5, 15.4 1.0%, 9.8%

Fibula Right proximal (1) (2.4) (98.4%)

distal 0 – –

Left proximal 1 2.0 98.7%

distal (2) (3.8), (5.4) (2.4%), (3.5%)

Metatarsal 1 Right proximal 2 3.0, 5.6 89.4%, 80.2%

Left proximal (1) (4.2) (85.4%)

Metatarsal 2 Right distal 0 – –

Left distal 0 – –

Metatarsal 3 Right distal 0 – –

Left distal 0 – –

Metatarsal 4 Right distal (1) (3.2) (10.6%)

Left distal (1) (1.6) (5.3%)

Metatarsal 5 Right distal (2) (1.4), (2.3) (5.0%), (8.2%)

These data suggest that the individual was subject to several episodes of growth

arrest during childhood. It is possible that the minor ones close to the metaphyses corre-

spond to the periods of stress indicated by the minor hypoplastic defects on the upper

right canine (see above). However, none of the stress periods were sufficiently severe to

have produced marked transverse lines or to affect all of the relevant bones. This inter-

pretation of the moderateness of the systemic stress periods is reinforced by the absence

of macroscopic dental enamel hypoplasias on the calcifying teeth. Moreover, the most

widespread set of the lines close to the metaphyses occurred not long before the individ-

ual’s death, suggesting a period of stress, recovery and then additional stress which led to

the child’s death. 
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Conclusions

These lesions on Lagar Velho 1 therefore indicate that the individual was subjected to

two minor episodes of highly localized trauma, one to the lower left face and the other to the

left forearm, and to a couple of phases of moderate systemic stress. In addition, the degree

of formation of characteristic metaphyseal angulations at the hip (femoral neck-shaft angle),

knee (femoral bicondylar angle and tibial retroversion) and foot (metatarsal torsion), in addi-

tion to normal trabecular patterns of the femora and tibiae and the formation of iliac sinu-

soidal shape (Chapters 28 and 29), all indicate that the child was developing in terms of pos-

ture and locomotion in a fully normal human fashion, since none of these features would

have reached its observed pattern without normal weight-bearing and movements of the

lower limbs. These observations, in combination with the apparent absence elsewhere of

pathological lesions, indicate a generally healthy individual.
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