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The Internal Cranial Anatomy of the Middle Pleistocene Broken Hill 1 Cranium

ABSTRACT
The cranium (Broken Hill 1 or BH1) from the site previously known as Broken Hill, Northern Rhodesia (now 
Kabwe, Zambia) is one of the best preserved hominin fossils from the mid-Pleistocene. Its distinctive combination 
�˜�•�1 �Š�—�Š�•�˜�–�’�Œ�Š�•�1 �•�Ž�Š�•�ž�›�Ž�œ�ð�1�‘�˜� �Ž�Ÿ�Ž�›�ð�1 �–�Š�”�Ž�œ�1�’�•�œ�1�•�Š�¡�˜�—�˜�–�’�Œ�1�Š�4�›�’�‹�ž�•�’�˜�—�1�Š�–�‹�’�•�ž�˜�ž�œ�ï�1 �
�’�•�‘�1 �›�Ž�œ�˜�•�ž�•�’�˜�—�1�–�’�Œ�›�˜�����ð�1 � �‘�’�Œ�‘�1
�‘�Š�œ�1�—�˜�•�1�™�›�Ž�Ÿ�’�˜�ž�œ�•�¢�1�‹�Ž�Ž�—�1�Ž�–�™�•�˜�¢�Ž�•�1�•�˜�›�1�•�›�˜�œ�œ�1�–�˜�›�™�‘�˜�•�˜�•�’�Œ�Š�•�1�œ�•�ž�•�’�Ž�œ�1�˜�•�1�•�‘�’�œ�1�’�–�™�˜�›�•�Š�—�•�1�œ�™�Ž�Œ�’�–�Ž�—�ð�1�Š�•�•�˜� �œ�1�Š�1�™�›�Ž�Œ�’�œ�Ž�1
�•�Ž�œ�Œ�›�’�™�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�’�—�•�Ž�›�—�Š�•�1�Š�—�Š�•�˜�–�’�Œ�Š�•�1�•�Ž�Š�•�ž�›�Ž�œ�1�˜�•�1���
�W�ð�1�’�—�Œ�•�ž�•�’�—�•�1�•�‘�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�Œ�›�Š�—�’�Š�•�1�Ÿ�Š�ž�•�•�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�Š�—�•�1�’�•�œ�1
internal composition, paranasal pneumatization, pneumatization of the temporal bone and endocranial anatomy. 
���Ž�•�Š�•�’�Ÿ�Ž�1�•�˜�1�˜�•�‘�Ž�›�1�Œ�‘�›�˜�—�˜�•�˜�•�’�Œ�Š�•�•�¢�1�Š�—�•�1�•�Š�¡�˜�—�˜�–�’�Œ�Š�•�•�¢�1�›�Ž�•�Ž�Ÿ�Š�—�•�1�œ�™�Ž�Œ�’�–�Ž�—�œ�ð�1���
�W�1�œ�‘�˜� �œ�1�ž�—�ž�œ�ž�Š�•�•�¢�1�–�Š�›�”�Ž�•�1�™�Š�›�Š�—�Š�œ�Š�•�1
pneumatization and a fairly thick cranial vault. For many of the features analyzed, this fossil does not exhibit the 
apomorphic conditions observed in either Neandertals or Homo sapiens. ���•�œ�1�–�˜�›�™�‘�˜�•�˜�•�¢�1�Š�—�•�1�•�‘�Ž�1�•�Ž�—�Ž�›�Š�•�1�œ�‘�Š�™�Ž�1�˜�•�1
the brain and of the skull may be partly explained by an allometric relationship relative to the features observed 
in Homo erectus s.l�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�ž�›�•�‘�Ž�›�1�›�Ž�œ�Ž�Š�›�Œ�‘�1�’�œ�1�œ�•�’�•�•�1�—�Ž�Œ�Ž�œ�œ�Š�›�¢�1�•�˜�1�‹�Ž�4�Ž�›�1�Š�™�™�›�Ž�Œ�’�Š�•�Ž�1�•�‘�Ž�1�Œ�›�Š�—�’�Š�•�1�Š�—�Š�•�˜�–�¢�1�˜�•�1���
�W�1�Š�—�•�1
the role of Homo rhodesiensis/Homo heidelbergensis in the course of human evolution.

���‘�’�œ�1�™�Š�™�Ž�›�1�Š�•�œ�˜�1�•�Ž�Š�•�œ�1� �’�•�‘�1�–�˜�›�Ž�1�•�Ž�—�Ž�›�Š�•�1�Š�œ�™�Ž�Œ�•�œ�1�˜�•�1�œ�Œ�’�Ž�—�•�’���Œ�1�™�›�Š�Œ�•�’�Œ�Ž�œ�1�’�—�1�™�Š�•�Ž�˜�Š�—�•�‘�›�˜�™�˜�•�˜�•�¢�ï�1���—�1�™�Š�›�•�’�Œ�ž�•�Š�›�ð�1� �Ž�1�•�’�Ÿ�Ž�1
precise descriptions of many internal anatomical features of Broken Hill 1, a specimen discovered in 1921. This im-
portant and unique dataset will allow independent comparative studies in the future. However, we were limited 
in our study by the very restricted amount of comparative information available for Homo fossils. In our view, sci-
�Ž�—�•�’���Œ�1�™�Š�™�Ž�›�œ�1�•�Ž�Š�•�’�—�•�1� �’�•�‘�1�•�‘�Ž�1�Š�—�Š�•�˜�–�’�Œ�Š�•�1�•�Ž�œ�Œ�›�’�™�•�’�˜�—�1�˜�•�1�‘�˜�–�’�—�’�—�1�œ�™�Ž�Œ�’�–�Ž�—�œ�ð�1�‹�˜�•�‘�1�’�—�1�•�‘�Ž�1�Œ�Š�œ�Ž�1�˜�•�1�Š�—�—�˜�ž�—�Œ�Ž�–�Ž�—�•�œ�1�˜�•�1
�—�Ž� �1�•�’�œ�Œ�˜�Ÿ�Ž�›�’�Ž�œ�1�Š�—�•�1�˜�•�1�•�’�œ�Œ�ž�œ�œ�’�˜�—�œ�1�˜�•�1�’�–�™�˜�›�•�Š�—�•�1�œ�™�Ž�Œ�’�–�Ž�—�œ�1�•�˜�ž�—�•�1�•�Ž�Œ�Š�•�Ž�œ�1�Š�•�˜�ð�1�œ�‘�˜�ž�•�•�1�Š�•� �Š�¢�œ�1�’�—�Œ�•�ž�•�Ž�1�š�ž�Š�•�’�•�Š�•�’�Ÿ�Ž�1
and quantitative data that truly allow for further independent research. 
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�Ž�•�1 �Š�1 �œ�•�˜�˜�™�’�—�•�1 �™�˜�œ�•�ž�›�Ž�1 �•�›�˜�–�1 �•�‘�Ž�1 ���›�˜�”�Ž�—�1 �
�’�•�•�1 �™�˜�œ�•�Œ�›�Š�—�’�Š�1
�û���Œ�‘� �Š�›�5�1�Š�—�•�1���Š�4�Ž�›�œ�Š�•�•�1�X�V�V�X�ü�1�Š�—�•�1�ž�œ�Ž�•�1�•�‘�’�œ�1�•�˜�1�™�›�˜�™�˜�œ�Ž�1�Š�1
�—�Ž� �1 �•�Ž�—�ž�œ�/��Cyphanthropus.’ Fortunately, this taxonomic 
�Ž�›�›�˜�›�1�–�˜�œ�•�•�¢�1� �Š�œ�1�’�•�—�˜�›�Ž�•�1�Š�—�•�1�•�‘�Ž�1�œ�™�Ž�Œ�’�–�Ž�—���œ H. erectus, H. 
sapiens, or supposed Neandertal 1�1�Š���—�’�•�’�Ž�œ�1�Š�•�•�Ž�›�—�Š�•�Ž�•�¢�1� �Ž�›�Ž�1
�‘�’�•�‘�•�’�•�‘�•�Ž�•�1�˜�Ÿ�Ž�›�1�•�‘�Ž�1�—�Ž�¡�•�1�•�Ž� �1�•�Ž�Œ�Š�•�Ž�œ�1�û���Š�”�•�Ž�¢ et al. 1977). 
Recently, BH1 often has been included in H. heidelbergensis, 
where it has formed an important part of the Euro-African 
�‘�¢�™�˜�•�’�•�–�1�•�˜�›�1�•�‘�’�œ�1�•�Š�¡�˜�—�1�•�˜�›�1�–�Š�—�¢�1�›�Ž�œ�Ž�Š�›�Œ�‘�Ž�›�œ�1�û�Ž�ï�•�ï�ð�1���’�•�‘�•-
�–�’�›�Ž�1 �X�V�W�Y�ò�1 ���•�›�’�—�•�Ž�›�1 �X�V�W�X�Š�ò�1 ���•�›�’�—�•�Ž�› �Š�—�•�1 ���ž�Œ�”�1 �X�V�W�Z�ò�1 ���˜�˜�•�1
�X�V�W�W�ü�ð�1�•�ž�Ž�1�•�˜�1�’�•�œ�1�œ�’�–�’�•�Š�›�’�•�’�Ž�œ�1�•�˜�1�˜�•�‘�Ž�›�1�–�’�•�,���•�Ž�’�œ�•�˜�Œ�Ž�—�Ž�1�•�˜�œ�œ�’�•�œ�ð�1
particularly Petralona from Greece.

���‘�Ž�1 �Ž�¡�•�Ž�›�—�Š�•�1 �–�˜�›�™�‘�˜�•�˜�•�¢�1 �˜�•�1 ���
�W�1 �‘�Š�œ�1 �‹�Ž�Ž�—�1 �•�Ž�œ�Œ�›�’�‹�Ž�•�1
�™�›�Ž�Ÿ�’�˜�ž�œ�•�¢�1 �û�‹�Ž�•�’�—�—�’�—�•�1 � �’�•�‘�1 ���¢�Œ�›�Š�•�•�1 �W�_�X�^�ü�ð�1 �Š�—�•�1 �’�•�œ�1 �›�˜�‹�ž�œ�•-
�’�Œ�’�•�¢�ð�1 �•�‘�Ž�1 �•�‘�’�Œ�”�—�Ž�œ�œ�1�˜�•�1 �’�•�œ�1 �Œ�›�Š�—�’�Š�•�1 �Ÿ�Š�ž�•�•�1 �û���Š�•�£�Ž�Š�ž�1 �X�V�W�Y�ü�1 �Š�—�•�1
�’�•�œ�1�Ž�¡�•�Ž�—�œ�’�Ÿ�Ž�1�™�Š�›�Š�—�Š�œ�Š�•�1�™�—�Ž�ž�–�Š�•�’�£�Š�•�’�˜�—�1�û�Ž�ï�•�ï�ð�1���Ž�’�•�•�Ž�›�1�Ž�•�1�Š�•�ï�1
1997) have been remarked upon, but many aspects of the 
anatomy of the specimen remain poorly documented and 
require quantitative analysis in the context of the current 
�”�—�˜� �•�Ž�•�•�Ž�1�˜�•�1�˜�•�‘�Ž�›�1�•�˜�œ�œ�’�•�1�‘�˜�–�’�—�’�—�œ�ï�1�
�Ž�›�Ž�ð�1�‘�’�•�‘�1�›�Ž�œ�˜�•�ž�•�’�˜�—�1
�–�’�Œ�›�˜�����1�’�œ�1�Ž�–�™�•�˜�¢�Ž�•�1�•�˜�1�•�Ž�œ�Œ�›�’�‹�Ž�1�Š�—�•�1�š�ž�Š�—�•�’�•�¢�1�•�‘�Ž�1�’�—�•�Ž�›�—�Š�•�1
�–�˜�›�™�‘�˜�•�˜�•�¢�1�û�Ÿ�Š�ž�•�•�1�•�‘�’�Œ�”�—�Ž�œ�œ�ð�1�•�Ž�—�•�Š�•�1�›�˜�˜�•�1�–�˜�›�™�‘�˜�•�˜�•�¢�ð�1�™�Š-
ranasal and temporal pneumatization, endocast morphol -
�˜�•�¢�ð�1�Š�—�•�1�’�—�•�Ž�›�—�Š�•�1�™�Š�•�Ž�˜�™�Š�•�‘�˜�•�˜�•�¢�ü�1�˜�•�1���
�W�1�’�—�1�•�Ž�•�Š�’�•�1�•�˜�›�1�•�‘�Ž�1
���›�œ�•�1�•�’�–�Ž�ï

���›�Š�—�’�Š�•�1 �Ÿ�Š�ž�•�•�1 �•�‘�’�Œ�”�—�Ž�œ�œ�1 �û�������ü�1 �’�œ�1 �Š�1 �•�Ž�Š�•�ž�›�Ž�1 �•�‘�Š�•�1 �’�œ�1 �•�›�Ž-
quently discussed in analyses of fossil hominin specimens 
�û�
�ž�‹�•�’�—�1�W�_�]�^�ò�1���Ž�1�	�›�˜�œ�1���•�Š�›�”�1�W�_�\�Z�ò�1���•�›�’�—�•�Ž�›�1�W�_�^�Z�ò�1���Ž�’�•�Ž�—-
�›�Ž�’�Œ�‘�1�W�_�Z�Y�ò�1���˜�˜�•�1�W�_�^�Z�ü�ð�1�¢�Ž�•�1�™�›�Ž�Ÿ�’�˜�ž�œ�1�œ�•�ž�•�’�Ž�œ�1�û���—�•�à�—�1�W�_�_�]�ò�1
���Š�•�£�Ž�Š�ž�1 �X�V�V�\�ð�1 �X�V�V�]�ð�1 �X�V�W�Y�ò�1 ���›�§�ž�Ž�›�1 �W�_�_�V�ò�1 ���›�§�ž�Ž�›�1 �Š�—�•�1 ���‹�ž�Š�1
�W�_�_�X�ò�1���›�˜� �—�1�W�_�_�Z�ò�1�	�Š�ž�•�•�1�W�_�_�\�ò�1�
�Ž�—�—�Ž�•�¢�1�W�_�_�W�ò�1�
�Ž�—�—�Ž�•�¢�1�Ž�•�1
�Š�•�ï�1 �W�_�_�W�ò�1 ���˜�™�Ž�1 �W�_�_�X�ü�1 �‘�Š�Ÿ�Ž�1 �˜�‹�•�Š�’�—�Ž�•�1 �•�’�œ�œ�’�–�’�•�Š�›�1 �›�Ž�œ�ž�•�•�œ�1 �Š�—�•�1
�›�Ž�Š�Œ�‘�Ž�•�1�Œ�˜�—���’�Œ�•�’�—�•�1�’�—�•�Ž�›�™�›�Ž�•�Š�•�’�˜�—�œ�1�˜�•�1�•�‘�’�œ�1�•�Ž�Š�•�ž�›�Ž�ï�1���‘�’�œ�1�Ÿ�Š�›�’-
�Š�•�’�˜�—�1�—�˜�•� �’�•�‘�œ�•�Š�—�•�’�—�•�ð�1�������1�‘�Š�œ�1�˜�•�•�Ž�—�1�‹�Ž�Ž�—�1�ž�œ�Ž�•�1�•�˜�›�1�•�Š�¡�˜-
�—�˜�–�’�Œ�1 �Š�4�›�’�‹�ž�•�’�˜�—�1 �˜�•�1 �‘�˜�–�’�—�’�—�1 �œ�™�Ž�Œ�’�–�Ž�—�œ�ð�1 �’�—�Œ�•�ž�•�’�—�•�1 ���
�W�1
�û�Ž�ï�•�ï�ð�1���Š�‹�Š�1�Ž�•�1�Š�•�ï�1�X�V�V�Y�ò�1���ž�›�—�˜�Ž�1�Š�—�•�1�	�›�Ž�Ž�—�1�X�V�W�Y�ò�1���Ž�•�œ�˜�—�1�Ž�•�1�Š�•�ï�1
�X�V�V�W�ò�1�	�›�’�–�Š�ž�•�,�
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specimen in the study of human evolution as it is one 

of the best preserved fossils from the mid-Pleistocene. This 
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description of its exo-, endo-, and intracranial features in 
order to: 1) clarify the anatomy of the specimen relative to 
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BH1 was discovered by lead miners in 1921 in a quarry 
at Broken Hill, Northern Rhodesia (now Kabwe, Zambia) 
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1921). The site was apparently named for the shape of 
the hill, which is marked by a depression, and because it 
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is potentially important. Since most mid-Pleistocene hom -
inin material is craniodental, their alpha taxonomy is best 
established on the basis of craniofacial or dental characters. 
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potentially clarify their taxonomy. 

Temporal pneumatization is also taxonomically vari -
able within the tribe Hominini. The primitive condition 
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inter-individual variation. Other early Homo, H. erectus 
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found in all adult Neandertal individuals from Krapina 
and western Europe, in which pneumatization is mainly 
restricted to most parts of the petromastoid areas (Balzeau 
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pneumatization and the shape of the temporal bone also il-
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pneumatization in hominins.  
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quantify and compare directly between specimens because 
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future comparisons with other specimens.
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tailed examination of the frontal squama and parietals in 
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autapomorphically thicker cranial vault than other homi -
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H. sapiens show two distinct apomorphic conditions (Bal -
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eas of the vault, such as that presented here for BH1, are 
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sition of inion and endinion and the relationships between 
the exo- and endocranial structural features of the occipi-
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hominin specimens. These measurements characterize im-
portant shape characteristics of the occipital bone, which 
is crucial to the study of hominin evolution because it has 
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provides additional data to analyze and understand cranial 
features and their related internal variations, which have 
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tooth roots because of the many carious lesions that have 
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another aspect of internal cranial anatomy that is still in -
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Nevertheless, the presence and size of paranasal sinuses 
has been used in the systematic evaluation of several spe-
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endocranial cast has already been partly described (Elliot 
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parisons are made with other fossil hominin endocasts, ma-
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the data are due to the spatial resolution of the data (due 
�•�˜�1 �•�‘�Ž�1 �œ�’�£�Ž�1 �˜�•�1 �•�‘�Ž�1 �œ�™�Ž�Œ�’�–�Ž�—�1 �Š�—�•�1 �•�‘�Ž�1 �•�’�–�’�•�Ž�•�1 ���Ž�•�•�1 �˜�•�1 �Ÿ�’�Ž� �1
�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1 �’�—�1 �•�‘�Ž�1 �–�’�Œ�›�˜�����1 �œ�Œ�Š�—�—�Ž�›�ü�1 �Š�—�•�1 �•�˜�1 �•�‘�Ž�1 �™�Š�›�•�’�Š�•�1 �Ÿ�˜�•-
�ž�–�Ž�1 �Š�Ÿ�Ž�›�Š�•�’�—�•�1 �Š�›�•�’�•�Š�Œ�•�ð�1 � �‘�’�Œ�‘�1 �’�œ�1 �’�—�‘�Ž�›�Ž�—�•�1 �•�˜�1 �����1 �–�Ž�•�‘�˜�•-
�˜�•�˜�•�’�Ž�œ�1�û���Š�•�£�Ž�Š�ž�1�Ž�•�1�Š�•�ï�1�X�V�W�V�ü�ï�1���‘�Ž�1�›�Ž�œ�˜�•�ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�–�’�Œ�›�˜�����1
�•�Š�•�Š�œ�Ž�•�1�’�œ�1�V�ï�W�X�]�–�–�Y�ð�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�’�—�•�1�Ž�›�›�˜�›�1�’�œ�1�•�‘�Ž�›�Ž�•�˜�›�Ž�1�Š�›�˜�ž�—�•�1
�¹�V�ï�V�\�[�–�–�ï

� � � � � � � �� � � � � �� � � � � � � � �1� � � � � � � � � � � � � �
The BH1 fossil is compared to the material used in recent 
studies of internal cranial features in fossil hominins and 
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For comparisons of paranasal pneumatization, two im -
portant and relatively complete mid-Pleistocene (putative 
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and Petralona (Greece). The fossil cranium from Petralona 
� �Š�œ�1�•�˜�ž�—�•�1�’�—�1���Ž�•�›�Š�•�˜�—�Š�1���Š�Ÿ�Ž�ð�1�—�Ž�Š�›�1���‘�Ž�œ�œ�Š�•�˜�—�’�”�’�ð�1�	�›�Ž�Ž�Œ�Ž�1�’�—�1
�W�_�[�_�ï�1 ���ž�Ž�1 �•�˜�1 �Š�1 �•�Š�Œ�”�1 �˜�•�1 �™�›�Ž�œ�Ž�›�Ÿ�Ž�•�1in situ sediments, it has 
�‹�Ž�Ž�—�1 �•�’���Œ�ž�•�•�1 �•�˜�1 �•�Š�•�Ž�ò�1 �‹�Š�œ�Ž�•�1 �˜�—�1 �•�Š�ž�—�Š�1 �•�›�˜�–�1 �•�‘�Ž�1 �Œ�Š�Ÿ�Ž�ð�1 �•�‘�Ž�1
�Œ�›�Š�—�’�ž�–�1 �’�œ�1 �•�‘�˜�ž�•�‘�•�1 �•�˜�1 �‹�Ž�1 �Š�™�™�›�˜�¡�’�–�Š�•�Ž�•�¢�1 �Y�[�V�.�]�Y�V�1 �”�Š�ð�1 �‹�ž�•�1
there is considerable debate over whether the fauna and 
the hominin fossil are associated, and the hominin crani-
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frontal, parieto-temporal, and occipital lobes (Balzeau et al. 
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of the endocast of BH1 is important because this specimen 
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one of the traits that could characterize a potential last com-
mon ancestor of Neandertals and H. sapiens.

The study of these informative internal cranial traits 
�’�œ�1 �•�Š�Œ�’�•�’�•�Š�•�Ž�•�1 �‹�¢�1 �‘�’�•�‘�1 �›�Ž�œ�˜�•�ž�•�’�˜�—�1 �–�’�Œ�›�˜�����ð�1 � �‘�’�Œ�‘�1 �‘�Š�œ�1 �—�˜�•�1
previously been employed on this important specimen. 
The complete description of the internal features of BH1 
as detailed here is crucial to fully understand the anatomy 
of the specimen. It will also be useful for future studies by 
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are made with data on these anatomical features in other 
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Finally, we try to interpret the available information to un -
derstand the anatomical characteristics of BH1 and modali-
ties of evolution of mid-Pleistocene hominins.

One dramatic limitation to this study has been access to 
appropriate comparative samples, as the anatomy of most 
of the features studied here has not yet been described 
for the majority of the most emblematic specimens of the 
�–�’�•�,���•�Ž�’�œ�•�˜�Œ�Ž�—�Ž�ï�1 ���—�œ�•�Ž�Š�•�1 �˜�•�1 �Œ�˜�—�•�ž�Œ�•�’�—�•�1 �œ�Ž�Ÿ�Ž�›�Š�•�1 �œ�Ž�™�Š�›�Š�•�Ž�1
analyses for each feature on restricted and unsatisfactory 
samples, we decided to focus here on the anatomy of the 
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mark description of the skull (in Supplementary Informa -
�•�’�˜�—�.�����W2). The information detailed here will be useful for 
future research, by us and others, and we hope that this 
work will stimulate similarly exhaustive descriptions of 
other important fossil hominin specimens.
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of the internal structures, is exceptional in a fossil of this 
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below. Because anatomical description of the external as-
pects of the specimen is already available elsewhere (Py-
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used to delimit the extension of the bone tables and of the 
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calvaria (n=19) and the endocranial surface (n=19).
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and its inter- and intra-individual variation, but many 
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to overcome the limitations of slice-based data are used to 
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thickness measurements whose validity is question-
able and that may be impossible to compare between 
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cranial surface is broken from the inferior third of the 
occipital plane to approximately the middle of the nu -
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Information on temporal bone pneumatization varia -

tions in recent H. sapiens�1� �Š�œ�1�•�Š�”�Ž�—�1�•�›�˜�–�1�•�‘�Ž�1�•�’�•�Ž�›�Š�•�ž�›�Ž�1�û�Ž�ï�•�ï�ð�1
���•�•�Š�–�1�W�_�\�_�ò�1���›�˜�—�˜�˜�œ�‘�1�Ž�•�1�Š�•�ï�1�X�V�W�Z�ò�1�
�’�•�•�1�X�V�V�^�ð�1�X�V�W�W�ò�1�
�’�•�•�1�Š�—�•�1
���’�Œ�‘�•�œ�–�Ž�’�Ž�›�1 �X�V�V�^�ò�1 ���Œ�‘�Ž�ž�Ž�›�1 �Š�—�•�1 ���•�Š�Œ�”�1 �X�V�V�V�ò�1 ���Œ�‘�ž�•�•�Ž�›�1 �W�_�]�\�ò�1
���Œ�‘�ž�•�•�Ž�›�,���•�•�’�œ�1�W�_�]�_�ò�1���’�›�Š�™�˜�—�•�œ�Ž�1�Ž�•�1�Š�•�ï�1�W�_�^�[�ò�1���˜�•�•�˜� �’�5�1�W�_�]�Z�ò�1
���˜�—�—�Ž�Ÿ�Ž�•�•�1 �W�_�^�]�ü�1 �Š�—�•�1 �•�›�˜�–�1 �˜�ž�›�1 �˜� �—�1 �™�ž�‹�•�’�Œ�Š�•�’�˜�—�œ�1 �˜�—�1 �•�‘�Ž�1
�•�˜�™�’�Œ�ð�1� �‘�’�Œ�‘�1�Š�•�œ�˜�1�Š�•�•�›�Ž�œ�œ�1�•�‘�Ž�1�–�˜�›�™�‘�˜�•�˜�•�¢�1�˜�•�1�•�‘�’�œ�1�•�Ž�Š�•�ž�›�Ž�1�’�—�1
Neandertals, Asian H. erectus, and African hominins (Bal -
�£�Ž�Š�ž�1�X�V�W�[�ò�1���Š�•�£�Ž�Š�ž�1�Š�—�•�1�	�›�’�–�Š�ž�•�,�
�Ž�›�Ÿ�·�1�X�V�V�\�ò�1���Š�•�£�Ž�Š�ž�1�Š�—�•�1
���Š�•�˜�Ÿ�²�’�°�1�X�V�V�^�ü�ï

A morphometric comparison of endocranial anato -
�–�¢�1 �’�œ�1 �™�Ž�›�•�˜�›�–�Ž�•�1 � �’�•�‘�1 �•�Š�›�•�Ž�1 �œ�Š�–�™�•�Ž�œ�1 �˜�•�1 �•�˜�œ�œ�’�•�1 �‘�˜�–�’�—�’�—�œ�1
�û�
�����,�����1�W�Z�]�V�ð�1�W�^�W�Y�ð�1�Y�]�Y�Y�ð�1�Y�^�^�Y�ð�1�
�����,�����1�W�[�V�V�V�ð�1���
�1�W�^�ð�1
���Š�•�·�ð�1���–�Š�—�’�œ�’�1�X�X�^�V�ð�1�X�X�^�X�ð�1���›�’�—�’�•�1�X�ð�1���Š�—�•�’�›�Š�—�1�X�ð�1�W�V�ð�1�W�]�ð�1��Sin-
anthropus’�1�������ð�1���ð�1�����ð�1�������ð�1���›�‘�’�—�•�œ�•�˜�›�•�1�
�_�ð�1���Ž�’�•�’�—�•�Ž�—�ð�1���™�¢�1�W�ð�1
�W�V�ð�1 ���Ž�œ�‘�’�”�,���Š�œ�‘�ð�1 ���Š�1 ���‘�Š�™�Ž�•�•�Ž�1 �Š�ž�¡�1 ���Š�’�—�•�œ�ð�1 ���Ž�1 ���˜�ž�œ�•�’�Ž�›�ð�1 ���Š�1
���ž�’�—�Š�1 �
�[�ð�1 ���Ž�•�•�‘�˜�•�Ž�›�ð�1 ���Ž�‹�Ž�•�1 ���›�‘�˜�ž�•�1 �W�ð�1 �X�ü�1 �Š�—�•�1 �Š�—�Š�•�˜�–�’�Œ�Š�•�•�¢�1
�–�˜�•�Ž�›�—�1 �‘�ž�–�Š�—�œ�1 �û���›�Ž�•�–�˜�œ�•�Ç�1 �Y�ð�1 �Z�ð�1 �_�ð�1 �W�V�ð�1 ���›�˜�,���Š�•�—�˜�—�1 �W�ð�1 �Y�ð�1
���˜�•�—�Ç�1���¼�œ�•�˜�—�’�Œ�Ž�1�W�ð�1�X�ð�1���Š�•�Š�ž�•�1�Š�—�•�1�W�V�Z�1�›�Ž�Œ�Ž�—�•�1�‘�ž�–�Š�—�œ�ü�1�û���Š�•-
�£�Ž�Š�ž�1�Ž�•�1�Š�•�ï�1�X�V�W�Y�ò�1�	�›�’�–�Š�ž�•�,�
�Ž�›�Ÿ�·�1�W�_�_�]�ò�1�	�›�’�–�Š�ž�•�,�
�Ž�›�Ÿ�·�1�Š�—�•�1
���˜�›�•�”�’�™�Š�—�’�•�£�Ž�1�X�V�W�V�ü�ï�1

Finally, a combined study of the exocranial and endo-
�Œ�›�Š�—�’�Š�•�1 �Ÿ�Š�›�’�Š�•�’�˜�—�1�Š�•�˜�—�•�1 �•�‘�Ž�1 �–�’�•�,�œ�Š�•�’�4�Š�•�1 �™�•�Š�—�Ž�1 � �Š�œ�1�Œ�Š�›�›�’�Ž�•�1
out to analyze the position of the Broken Hill fossil relative 
to other Homo �œ�™�Ž�Œ�’�–�Ž�—�œ�ð�1 �•�˜�•�•�˜� �’�—�•�1 �Š�1 �™�›�˜�•�˜�Œ�˜�•�1 �•�Ž�œ�Œ�›�’�‹�Ž�•�1
�Ž�•�œ�Ž� �‘�Ž�›�Ž�1�û���•�‹�Ž�œ�œ�Š�›�•�1�Ž�•�1�Š�•�ï�1�X�V�W�\�ü�ï�1���1�œ�Š�–�™�•�Ž�1�˜�•�1�Z�W�1�›�Ž�Œ�Ž�—�•�1�‘�ž-
�–�Š�—�œ�1 �Š�—�•�1 �œ�Ž�Ÿ�Ž�›�Š�•�1 �•�˜�œ�œ�’�•�œ�1 �˜�•�1 �•�‘�Ž�1 �•�Ž�—�ž�œ�1Homo was selected 
�Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �™�›�Ž�œ�Ž�›�Ÿ�Š�•�’�˜�—�1 �œ�•�Š�•�Ž�1 �˜�•�1 �•�‘�Ž�1 �œ�™�Ž�Œ�’�–�Ž�—�œ�ï�1 ���Ž�1
�Š�—�Š�•�¢�£�Ž�•�1 �•�Š�•�Š�1 �•�›�˜�–�1 ���‘�’�—�Ž�œ�Ž�1 �Š�—�•�1 ���—�•�˜�—�Ž�œ�’�Š�—�1H. erectus 
�û���‘�˜�ž�”�˜�ž�•�’�Š�—�1�������ð�1���ð�1�����ð�1�������ð�1���Š�—�•�’�›�Š�—�1�X�ð�1���•�Š�—�•�˜�—�•�1�]�ð�1�W�X�ð�1
���•�Š� �’�ð�1 ���Š�–�‹�ž�—�•�–�Š�Œ�Š�—�1 �Y�ü�ð�1 ���•�›�’�Œ�Š�—�1H. erectus specimens 
�û�
�����,�����1�Y�]�Y�Y�ð�1�Y�^�^�Y�ü�ð�1�•�‘�Ž�1�–�’�•�,���•�Ž�’�œ�•�˜�Œ�Ž�—�Ž�1�•�˜�œ�œ�’�•�1�•�›�˜�–�1���Ž-
�•�›�Š�•�˜�—�Š�ð�1�Š�—�•�1���Ž�Š�—�•�Ž�›�•�Š�•�œ�1�û���Š�1���Ž�›�›�Š�œ�œ�’�Ž�1�W�ð�1���Š�1���‘�Š�™�Ž�•�•�Ž�1�Š�ž�¡�1
���Š�’�—�•�œ�1 �W�ð�1 �	�ž�Š�4�Š�›�’�1 �W�ð�1 ���™�¢�1 �W�ü�ï�1 ���‘�Ž�1 �•�˜�œ�œ�’�•�1H. sapiens sample 
�Œ�˜�–�™�›�’�œ�Ž�œ�1�˜�•�1���’�•�•�•�Ž�1���Š�•�Ž�˜�•�’�•�‘�’�Œ�1�œ�™�Ž�Œ�’�–�Ž�—�1���”�‘���•�1���ð�1���™�™�Ž�›�1
���Š�•�Ž�˜�•�’�•�‘�’�Œ�1�œ�™�Ž�Œ�’�–�Ž�—�œ�1���›�˜�,���Š�•�—�˜�—�1�W�1�Š�—�•�1�Y�ð�1���Š�•�Š�ž�•�1�W�ð�1���Š-
�•�Š�¢�Ž�1 �W�ð�1 ���’�˜�Œ�•�˜�Ÿ�’�—�Š�1 �W�ð�1 ���ž�Ž�’�›�’�’�1 �W�1 �Š�—�•�1 ���•�Š�•�Ž�²�1 �W�ð�1 �Š�—�•�1 ���™�’�™�Š-
�•�Ž�˜�•�’�•�‘�’�Œ�&���Ž�œ�˜�•�’�•�‘�’�Œ�1�œ�™�Ž�Œ�’�–�Ž�—�œ�1�•�›�˜�–�1���•�Š�•�˜�ž�1���˜�ž�1���‘�ž�–�–�Ž�•�1
�û�W�X�ð�Y�Z�ü�ð�1 ���Š�•�˜�›�Š�•�•�1 �û�����Œ�W�ü�ð�1 �Š�—�•�1 ���·�Ÿ�’�Ž�Œ�1 �û�_�ð�1 �W�\�ü�ï�1 ���Ž�1 �ž�œ�Ž�•�1 �•� �˜�,
�•�’�–�Ž�—�œ�’�˜�—�Š�•�1�’�–�Š�•�Ž�œ�1�˜�•�1�Œ�›�˜�œ�œ�,�œ�Ž�Œ�•�’�˜�—�œ�1�˜�•�1�•�‘�Ž�1�œ�”�ž�•�•�1�Ž�¡�•�›�Š�Œ�•�Ž�•�1
�•�›�˜�–�1�����1�•�Š�•�Š�1�•�˜�›�1�Š�•�•�1�Ž�¡�•�Š�—�•�1�Š�—�•�1�•�˜�œ�œ�’�•�1H. sapiens, as well as 
for most of the fossil Homo sample. For the Zhoukoudian 
individuals, we used cross-sections drawn and published 
�‹�¢�1���Ž�’�•�Ž�—�›�Ž�’�Œ�‘�1�û�W�_�Z�Y�ü�ï�1

� � � � � � � 
 � � � � � �
���ž�•�•�’�™�•�Š�—�Š�›�1�›�Ž�•�˜�›�–�Š�4�’�—�•�ð�1�•�‘�›�Ž�œ�‘�˜�•�•�’�—�•�1�™�›�˜�Œ�Ž�•�ž�›�Ž�œ�ð�1�•�‘�›�Ž�Ž�,
�•�’�–�Ž�—�œ�’�˜�—�Š�•�1 �Ÿ�˜�•�ž�–�Ž�1 �›�Ž�—�•�Ž�›�’�—�•�ð�1 �œ�Ž�•�–�Ž�—�•�Š�•�’�˜�—�ð�1 �Y���1 �•�˜�™�˜-
�•�›�Š�™�‘�’�Œ�1�–�Š�™�™�’�—�•�1�û� �’�•�‘�1�•�‘�Ž�1�–�˜�•�ž�•�Ž�1���ž�›�•�Š�Œ�Ž���’�œ�•�Š�—�Œ�Ž�ü�ð�1�–�Ž�Š-
surement, and illustration acquisition were performed in 
���Ÿ�’�£�˜�1�]�1�Š�—�•�1�^�1�û�������ð�1�
�’�•�•�œ�‹�˜�›�˜�ð�1���›�Ž�•�˜�—�ü�ï�1���Ž�•�Ž�Œ�•�’�˜�—�1�˜�•�1�›�Ž�•�’�˜�—�œ�1
�˜�•�1�’�—�•�Ž�›�Ž�œ�•�1�˜�—�1�•�‘�Ž�1�Y���1�–�˜�•�Ž�•�œ�1�•�˜�›�1�������1�Š�—�Š�•�¢�œ�’�œ�1� �Š�œ�1�™�Ž�›�•�˜�›�–�Ž�•�1
�ž�œ�’�—�•�1�	�Ž�˜�–�Š�•�’�Œ�1�û�Y���1���¢�œ�•�Ž�–�œ�ü�ï�1���œ�’�—�•�1�•�‘�Ž�1�’�–�Š�•�’�—�•�1�•�Š�•�Š�œ�Ž�•�œ�ð�1
�•�‘�Ž�1�‹�˜�ž�—�•�Š�›�¢�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�‹�˜�—�Ž�1�Š�—�•�1�•�‘�Ž�1�œ�ž�›�›�˜�ž�—�•�’�—�•�1�Š�’�›�ð�1�˜�›�1
� �‘�Ž�—�1�—�Ž�Œ�Ž�œ�œ�Š�›�¢�1� �’�•�‘�1�•�‘�Ž�1�Ž�¡�’�œ�•�’�—�•�1�œ�Ž�•�’�–�Ž�—�•�Š�›�¢�1�–�Š�•�›�’�¡�ð�1� �Š�œ�1
�’�•�Ž�—�•�’���Ž�•�1�˜�—�1�Ž�Š�Œ�‘�1�’�—�•�’�Ÿ�’�•�ž�Š�•�1�œ�•�’�Œ�Ž�1�‹�¢�1�–�Š�—�ž�Š�•�1�œ�Ž�•�–�Ž�—�•�Š�•�’�˜�—�ï�1
���‘�’�œ�1�™�›�˜�Œ�Ž�•�ž�›�Ž�1�Œ�˜�—�œ�’�œ�•�œ�1�˜�•�1�–�Ž�Š�œ�ž�›�’�—�•�1�•�‘�Ž�1�–�Ž�•�’�Š�—�1�Ÿ�Š�•�ž�Ž�1�û�˜�›�1



112 •  PaleoAnthropology  2017

�™�›�Ž�Œ�’�œ�Ž�1�•�˜�Œ�Š�•�’�˜�—�œ�1�û���Š�•�£�Ž�Š�ž�1�X�V�W�Y�ü�ï�1���›�˜�–�1�•�‘�Ž�1�Y���1�–�˜�•�Ž�•�1
of the skull, the exo- and endocranial surfaces were 
�ž�œ�Ž�•�1�•�˜�1�Œ�˜�–�™�ž�•�Ž�1�Š�1�Y���1�•�˜�™�˜�•�›�Š�™�‘�’�Œ�1�–�Š�™�1�˜�•�1�•�‘�Ž�1�Ÿ�Š�›�’�Š-
�•�’�˜�—�1�’�—�1�•�˜�•�Š�•�1�‹�˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�û���’�•�ž�›�Ž�1�Y�ü�ï�1���˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1
was calculated with the Surface Thickness module of 
�•�‘�Ž�1 ���Ÿ�’�£�˜�1 �™�›�˜�•�›�Š�–�ï�1 ���‘�’�œ�1 �•�˜�˜�•�1 �Œ�˜�–�™�ž�•�Ž�œ�1 �•�‘�Ž�1 �œ�‘�˜�›�•�Ž�œ�•�1
distance of each vertex in the direction of its normal 
� �’�•�‘�1�Š�•�•�1�•�‘�Ž�1�•�›�’�Š�—�•�•�Ž�œ�1�˜�•�1�•�‘�Ž�1�œ�Š�–�Ž�1�–�Š�•�Ž�›�’�Š�•�ï�1���—�1�•�‘�Ž�1�Œ�Š�œ�Ž�1
�˜�•�1�•�‘�Ž�1�Ÿ�Š�ž�•�•�1�˜�•�1���
�W�ð�1�˜�Ÿ�Ž�›�1�_�V�V�ð�V�V�V�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�–�Ž�Š�œ�ž�›�Ž-

�Œ�‘�Š�•�1�™�•�Š�—�Ž�ï�1���œ�1�Š�1�›�Ž�œ�ž�•�•�ð�1�•�‘�Ž�1�Ÿ�Š�•�ž�Ž�œ�1�•�˜�›�1�œ�’�¡�1�™�˜�’�—�•�œ�1�Š�•�˜�—�•�1
�•�‘�Ž�1�–�’�•�,�œ�Š�•�’�4�Š�•�1�™�•�Š�—�Ž�1�Š�›�Ž�1�–�’�œ�œ�’�—�•�ð�1�’�—�Œ�•�ž�•�’�—�•�1�•�‘�Ž�1�Ÿ�Š�•�ž�Ž�1
at the external occipital protuberance. Except for these 
�™�˜�’�—�•�œ�ð�1�������1�Š�—�•�1�‹�˜�—�Ž�1�Œ�˜�–�™�˜�œ�’�•�’�˜�—�1� �Ž�›�Ž�1�š�ž�Š�—�•�’���Š�‹�•�Ž�1
�˜�—�1�•�‘�Ž�1�›�Ž�œ�•�1�˜�•�1�•�‘�Ž�1�–�’�•�,�œ�Š�•�’�4�Š�•�1�™�•�Š�—�Ž�1� �’�•�‘�˜�ž�•�1�‹�Ž�’�—�•�1�Š�•-
�•�Ž�›�Ž�•�1�‹�¢�1�™�˜�œ�•�,�–�˜�›�•�Ž�–�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�1�˜�•�1�•�‘�Ž�1�œ�™�Ž�Œ�’�–�Ž�—�ï

2.	 The second method uses computed maps of bone 
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ness of the internal table (below), diploic layer and external table (above) are also given when measurable. The area labelled sinus 
corresponds to the extension of the frontal sinus; the breakage of the occipital superstructures led to incomplete documentation of the 
variation in bone thickness in this area.
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cision, which results in thickness measurements that 
may vary by several millimetres within a few millime -
tres of one another. Thus, here, a mean value was ob-
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the relative position of inion and endinion, measured the 
distances between inion (denoted I), endinion (E), lambda 
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Figure 3. 3D topographic mapping of the variation of total bone thickness rendered using a color chromatic scale (thickness increasing 
from white to yellow, corresponding to a variation between 2mm and 22mm) in anterior, left lateral, posterior, and superior views.
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molars roots. The measurement protocol established by Le 
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cervical line to separate the root from the crown. However, 
in the absence of enamel to enable the location of the cervi-
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�Ÿ�Ž�˜�•�’�ï�1���1�œ�Ž�Œ�˜�—�•�1�™�•�Š�—�Ž�1�’�œ�1�•�Ž�•�Ž�›�–�’�—�Ž�•�1�•�Š�”�’�—�•�1�’�—�•�˜�1�Š�Œ�Œ�˜�ž�—�•�1�•�‘�Ž�1
�‘�Ž�’�•�‘�•�1�˜�•�1�•�‘�Ž�1�Œ�Ž�›�Ÿ�’�Œ�Š�•�1�•�’�—�Ž�1�˜�•�1�•�‘�Ž�1�•�Ž�•�•�1�•�Š�•�Ž�›�Š�•�1�’�—�Œ�’�œ�˜�›�1�Š�—�•�1�•�‘�Ž�1
�•�Ž�•�•�1 �Œ�Š�—�’�—�Ž�ð�1 � �‘�’�Œ�‘�1 �›�Ž�•�Š�’�—�1 �•�‘�Ž�’�›�1 �Ž�—�Š�–�Ž�•�1 �û���’�•�ž�›�Ž�1 �Z���ü�ï�1 ���˜�›�1 �Š�•�•�1
the anterior teeth, linear measurements of the root dimen-
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(L), and opisthion (O), calculated the ratio between the exo- 
and endocranial distance of the squamous occipital and the 
nuchal plane (labelled LI/IO and LE/EO) and the exo- and 
endocranial proportions of the occipital bone as expressed 
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Each of the maxillary teeth was virtually extracted from its 
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�œ�™�Ž�Œ�’�–�Ž�—�œ�ï�1 �	�,�������1 � �Š�œ�1 �œ�š�ž�Š�›�Ž�•�1 �•�˜�1 �œ�•�Š�—�•�Š�›�•�’�œ�Ž�1 �Š�›�Ž�Š�œ�1 �Š�—�•�1
cubed to standardise volumes to preserve the same units 
of measurement.

� � � � � � � � � � � � � � � � � � � � � � �1� � � � � �� � � � � � � �
The endocranial surface of BH1 was studied on both a 
�™�‘�¢�œ�’�Œ�Š�•�1�›�Ž�™�•�’�Œ�Š�1�˜�•�1�•�‘�Ž�1�˜�›�’�•�’�—�Š�•�1�œ�™�Ž�Œ�’�–�Ž�—�1�Š�—�•�1�˜�—�1�Š�1�Ÿ�’�›�•�ž�Š�•�1
�›�Ž�Œ�˜�—�œ�•�›�ž�Œ�•�’�˜�—�1�™�›�˜�•�ž�Œ�Ž�•�1�•�›�˜�–�1�•�‘�Ž�1�–�’�Œ�›�˜�����1�•�Š�•�Š�ï�1

���Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1 �˜�•�1 �•�‘�Ž�1 �Ž�—�•�˜�Œ�Š�œ�•�1 �Š�›�Ž�1 �•�’�Ÿ�Ž�—�1 �’�—�1 ���Š�‹�•�Ž�1 �Y�ï�1
���Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1 �˜�•�1 �•�‘�Ž�1 �•�Ž�—�•�•�‘�ð�1 �‘�Ž�’�•�‘�•�ð�1 �Š�—�•�1 � �’�•�•�‘�1 �˜�•�1 �•�’���Ž�›-
�Ž�—�•�1�Š�›�Ž�Š�œ�1�˜�•�1�•�‘�Ž�1�Ž�—�•�˜�Œ�Š�œ�•�1� �Ž�›�Ž�1�™�Ž�›�•�˜�›�–�Ž�•�1�ž�œ�’�—�•�1�œ�•�’�•�’�—�•�1�Š�—�•�1
�œ�™�›�Ž�Š�•�’�—�•�1 �Œ�Š�•�•�’�™�Ž�›�œ�1 �˜�—�1 �™�‘�¢�œ�’�Œ�Š�•�1 �Ž�—�•�˜�Œ�Š�œ�•�œ�1 �Š�—�•�1 �˜�—�1 �•�›�Š� -
�’�—�•�œ�1 �•�˜�›�1 �•�’�–�Ž�—�œ�’�˜�—�œ�1 �š�ž�Š�—�•�’���Ž�•�1 �’�—�1 �™�›�˜�“�Ž�Œ�•�’�˜�—�1 �Ÿ�’�Ž� �œ�1 �˜�•�1 �•�‘�Ž�1
�Ž�—�•�˜�Œ�Š�œ�•�ï�1 ���‘�Ž�1 �Ÿ�’�›�•�ž�Š�•�1 �–�˜�•�Ž�•�œ�1 � �Ž�›�Ž�1 �š�ž�Š�—�•�’���Ž�•�1 �’�—�1 ���Ÿ�’�£�˜�ï�1
���‘�Ž�1�•�›�˜�—�•�Š�•�ð�1�™�Š�›�’�Ž�•�Š�•�ð�1�Š�—�•�1�˜�Œ�Œ�’�™�’�•�Š�•�1�Œ�‘�˜�›�•�œ�1� �Ž�›�Ž�1�š�ž�Š�—�•�’���Ž�•�1
based on anatomical landmarks related to brain structures. 
The surfaces of the frontal, parieto-temporal, occipital, and 
�Œ�Ž�›�Ž�‹�Ž�•�•�Š�›�1 �•�˜�‹�Ž�œ�1 �Š�•�œ�˜�1 � �Ž�›�Ž�1 �–�Ž�Š�œ�ž�›�Ž�•�1 �û���Š�•�£�Ž�Š�ž�1 �Ž�•�1 �Š�•�ï�1 �X�V�W�Y�ò�1
Grimaud-Herv é 1997). These variables were selected be-
cause they refer to real variation in the shape of the brain 
and not to internal distances within the endocranium as 
�˜�•�•�Ž�—�1 �ž�œ�Ž�•�1 �û�Ž�ï�•�ï�ð�1 �–�Š�¡�’�–�Š�•�1 �•�’�–�Ž�—�œ�’�˜�—�œ�1 �˜�•�1 �•�‘�Ž�1 �’�—�•�›�Š�Œ�›�Š�—�’�Š�•�1
cavity, distances from internal cranial landmarks such as 
�Ž�—�•�˜�‹�›�Ž�•�–�Š�ð�1�Š�—�•�1�˜�•�‘�Ž�›�œ�ü�ï

���Š�›�’�˜�ž�œ�1 �Œ�˜�–�™�˜�—�Ž�—�•�œ�1 �˜�•�1 �Ž�—�•�˜�Œ�›�Š�—�’�Š�•�1 �™�Ž�•�Š�•�’�Š�œ�1 �û�•�‘�Ž�1 �Š�—-
tero-posterior, vertical, and lateral components of the pro -
trusions of the frontal and occipital poles) (Balzeau and 
�	�’�•�’�œ�œ�Ž�—�1�X�V�W�V�ò�1���Š�•�£�Ž�Š�ž�1�Ž�•�1�Š�•�ï�1�X�V�W�X�ü�1� �Ž�›�Ž�1�š�ž�Š�—�•�’���Ž�•�ð�1�Š�œ�1� �Ž�•�•�1
as the size, shape, and bilateral asymmetries of the third 
�•�›�˜�—�•�Š�•�1 �Œ�˜�—�Ÿ�˜�•�ž�•�’�˜�—�1 �û�˜�›�1 �™�˜�œ�•�Ž�›�’�˜�›�1 �’�—�•�Ž�›�’�˜�›�1 �•�›�˜�—�•�Š�•�1 �•�¢�›�ž�œ�ü�1
�û���Š�•�£�Ž�Š�ž�1 �Ž�•�1 �Š�•�ï�1 �X�V�W�Z�ü�ï�1 ���‘�Ž�1 �™�Š�›�Š�–�Ž�•�Ž�›�1 �����W�W�1 �š�ž�Š�—�•�’���Ž�œ�1 �•�‘�Ž�1
asymmetries for all individuals and all traits, and is calcu -

� � � � � � � � � � � �� � � � � � � �� � � � � � � �
Paranasal sinus size was measured in three ways: volume, 
�œ�ž�›�•�Š�Œ�Ž�1�Š�›�Ž�Š�ð�1�Š�—�•�1�Ž�¡�•�Ž�—�•�ï�1���›�˜�—�•�Š�•�ð�1�–�Š�¡�’�•�•�Š�›�¢�1�û�•�Ž�•�•�1�Š�—�•�1�›�’�•�‘�•�ü�ð�1
�Š�—�•�1 �œ�™�‘�Ž�—�˜�’�•�Š�•�1 �œ�’�—�ž�œ�Ž�œ�1 � �Ž�›�Ž�1 �–�Š�—�ž�Š�•�•�¢�1 �œ�Ž�•�–�Ž�—�•�Ž�•�1 �˜�ž�•�1
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TABLE 2. LANDMARKS USED IN SINUS EXTENT MEASUREMENTS (see Figure 5).  
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Avizo 7. This cross section was then used as a reference to 
place midline points on the endocast (tip of the encephalic 
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TABLE 3. DEFINITIONS OF ENDOCRANIAL MEASUREMENTS AND VALUES  
(in mm for all measurements except the surface data, which are in mm 2) FOR BH1 

(see Balzeau et al., 2103, 2014; Grimaud-Hervé et al. 2010 for complete definitions and illustrations).  
 

Abbreviation  Definition  Measurement  

MLE  Maximum length (PCA)  172 

MWE  Maximum width (PCA)  137 
WSE Maximum width measured at the supramarginal gyri  123 

WPfE 
Maximum width measured at the foot of the 2nd parietal 
convolutions  

125 

WBcE Maximum width measured at Broca's cap 101 

WOfE  
Maximum width measured at the orbital part of the 3rd frontal 
convolutions  

78 

WFfE Maximum width measured at the foot of the 3rd frontal convolutions  108 
BBHE Endobasion-endobregma height 120 
BVHE  Endobasion-endovertex height  119 

MHlE  Maximum height above the maximal length (PCA)  51.5 

BHlE  Height of endobregma above the maximum length  49.5 

FalC 
Frontal chord (between the base of encephalic rostrum and the 
intersection between the central sulci and the interhemispheric 
fissure)  

114.5 

PalC 
Parietal chord (between the intersection between the central sulci 
and the interhemispheric fissure and the intersection between the 
perpendicular  sulci and the interhemispheric fissure)  

63 

OalC 
Occipital chord (between the intersection between the perpendicular  
sulci and the interhemispheric fissure and the posterior 
interhemispheric point)  

57 

S Fal Surface of the frontal lobe (values for right and left sides)  73.5/69.8 

S PTal Surface of the parieto-temporal lobes (left side) 94.6 

S Oal Surface of the occipital lobe (left side) 32 

��
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of structural bone composition, the frontal sinuses occupy 
the anterior third of the frontal bone. Posteriorly, the ta -
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the proportion of the external table increases antero-pos-
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while the proportion of the internal table decreases from 
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in terms of relative contribution, with values comprised be -
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the least-represented constituent of the posterior part of the 
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suture is patent and therefore the bone tables are not dif-
ferentiated in this area.

Thickness continues to increase on the occipital bone 
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limit of the anterior third of the occipital plane. Thickness 
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to the area of the occipital torus. Unfortunately, this last 
anatomical area is not completely preserved and its thick-
ness cannot be estimated. Finally, the thickness decreases 
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diploic layer is the main component of the total bone thick -
�—�Ž�œ�œ�ð�1�›�Ž�™�›�Ž�œ�Ž�—�•�’�—�•�1�Š�›�˜�ž�—�•�1�Y�\�.�Z�Y�–�1�˜�•�1�•�˜�•�Š�•�1�‹�˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�ï�1
���‘�Ž�1�Ž�¡�•�Ž�›�—�Š�•�1�•�Š�‹�•�Ž�1�Œ�˜�—�œ�•�’�•�ž�•�Ž�œ�1�Š�›�˜�ž�—�•�1�X�Y�.�X�\�–�1�Š�—�•�1�•�‘�Ž�1�’�—�•�Ž�›-
�—�Š�•�1�•�Š�‹�•�Ž�1�Y�Y�.�Y�]�–�ï

���˜�›�1 �•�‘�Ž�1 �Œ�˜�–�™�•�Ž�•�Ž�1 �Ÿ�Š�ž�•�•�1 �û�œ�Ž�Ž�1 ���’�•�ž�›�Ž�1 �Y�ü�ï In the areas 
� �‘�Ž�›�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�’�œ�1�•�’�›�Ž�Œ�•�•�¢�1�š�ž�Š�—�•�’���Š�‹�•�Ž�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�Ž�—�•�˜�1
�Š�—�•�1 �Ž�¡�˜�Œ�›�Š�—�’�Š�•�1 �œ�ž�›�•�Š�Œ�Ž�œ�/� �’�•�‘�˜�ž�•�1 �•�˜�’�—�•�1 �•�‘�›�˜�ž�•�‘�1 �Œ�›�Š�—�’�Š�•�1
�œ�ž�™�Ž�›�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1 �Š�—�•�1 � �‘�Ž�›�Ž�1 �•�‘�Ž�1 �œ�ž�›�•�Š�Œ�Ž�œ�1 �Š�›�Ž�1 �›�˜�ž�•�‘�•�¢�1 �™�Š�›-
�Š�•�•�Ž�•�/�•�‘�Ž�1 �–�Š�¡�’�–�ž�–�1 �•�‘�’�Œ�”�—�Ž�œ�œ�1 �’�œ�1 �›�Ž�Š�Œ�‘�Ž�•�1 �’�—�1 �•�‘�Ž�1 �•�•�Š�‹�Ž�•�•�Š�›�1
area. The supraorbital torus is particularly well-developed 
in all directions. It is well isolated antero-posteriorly from 
the vault, but it also has a continuous and substantial ver-
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thickened area runs from the mastoid process towards the 
mastoid crest and the junction with the occipital torus. The 
thinner areas of the upper vault are located on the most 
infero-lateral extension of the frontal bone, in the center of 
the temporal squama and on the nuchal plane. 
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ly follow the shape of these endocranial areas. Laterally, 
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A small depression is visible exocranially on the left pari -
etal bone at the intersection of its anterior third and at its 
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pact mostly the external extension of the external table, but 
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the mastoid tip lesion, and the petrous lesions are post-
mortem defects. However, in contrast to several previous 
assessments, we consider that the squamous temporal bone 
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�•�¢�1�›�Ž�Ÿ�Ž�Š�•�1�•�‘�Š�•�1�•�‘�’�œ�1�•�Ž�•�Ž�Œ�•�1�’�œ�1�—�˜�•�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1�Š�—�¢�1�‘�Ž�Š�•�’�—�•�1
�˜�›�1�˜�•�‘�Ž�›�1�‹�’�˜�•�˜�•�’�Œ�Š�•�1�›�Ž�Š�Œ�•�’�˜�—�ï

� �� � � � � � � �� � � � � � � � � � �1� � � � �1� � � � � � �1� � � � � � �1� � � � � � � � � � � � � � � � � � � � �1
� � � � � � � � �1� � � � � � � � � � � � � � � � � � � � � � �1
���•�˜�—�•�1�•�‘�Ž�1�–�’�•�,�œ�Š�•�’�4�Š�•�1�™�•�Š�—�Ž�1�û�œ�Ž�Ž�1���’�•�ž�›�Ž�1�X�ü�ï�1The maximal 
�•�‘�’�Œ�”�—�Ž�œ�œ�1�Š�•�1�•�•�Š�‹�Ž�•�•�Š�1�’�œ�1�œ�•�’�•�‘�•�•�¢�1�˜�Ÿ�Ž�›�1�Y�W�–�–�ï�1���˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1
decreases rapidly posterior to the frontal torus. It then var -
�’�Ž�œ�1 �˜�—�1 �•�‘�Ž�1 �Œ�Ž�—�•�›�Š�•�1 �•�‘�’�›�•�1 �˜�•�1 �•�‘�Ž�1 �•�›�˜�—�•�Š�•�1 �‹�˜�—�Ž�1 �‹�Ž�•� �Ž�Ž�—�1�^�–�–�1
�Š�—�•�1�_�–�–�ï�1���‘�’�Œ�”�—�Ž�œ�œ�1�–�Ž�Š�œ�ž�›�Ž�•�1�Š�•�1�•�‘�Ž�1�Œ�Ž�—�•�Ž�›�1�˜�•�1�•�‘�Ž�1�•�•�Š�‹�Ž�•�•�Š�,
�‹�›�Ž�•�–�Š�1�•�’�œ�•�Š�—�Œ�Ž�1�û���’�•�1�	�&���1�’�—�1���Š�‹�•�Ž�1�Z�ü�1�’�œ�1�^�ï�W�–�–�ï�1���‘�’�Œ�”�—�Ž�œ�œ�1

��

TABLE 4. CRANIAL VAULT THICKNESS  (in mm) 
OF BH1 AT SOME SPECIFIC POINTS (v alues are 

means of several points near the landmark [see text] ).* 
 

Landmark  CVT (in mm)  side 

Bregma �_�ï�Z�1 �1�1

Mid G/B  �^�ï�W�1 �1

Lambda �W�W�ï�]�1 �1

Pterion  �\�ï�X�1 ���Ž�•�•�1
�1 �\�ï�W�1 ���’�•�‘�•�1

Asterion  �W�X�ï�]�1 ���Ž�•�•�1

Stephanion  �]�ï��̂1 ���Ž�•�•�1
�1 �]�ï�_�1 ���’�•�‘�•�1

Parietal eminence  �W�W�ï�X�1 ���Ž�•�•�1

�1 �W�V�1 ���’�•�‘�•�1

Mid B/L  �^�ï�^�1 �1�1
���	�ñ�1�•�•�Š�‹�Ž�•�•�Š�ð�1���ñ�1�‹�›�Ž�•�–�Š�ð�1���ñ�1�•�Š�–�‹�•�Š�ï��
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�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�˜�•�1�•�‘�Ž�1�™�Š�›�’�Ž�•�Š�•�1�•�˜�‹�Ž�œ�1�û�’�ï�Ž�ï�ð�1�œ�ž�™�›�Š�–�Š�›�•�’�—�Š�•�1�Š�—�•�1
�Š�—�•�ž�•�Š�›�1�•�¢�›�’�ü�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1�‹�˜�—�Ž�1�’�œ�1�•�‘�’�—�—�Ž�›�1�Š�•�1�•�‘�Ž�1�•�Š�•�Ž�›�Š�•�1�‹�˜�›�•�Ž�›�1
of the parietal bones, where the surface is more vertical. 
���—�•�Ž�Ž�•�ð�1�•�‘�Ž�1�•�Ž�Ž�™�1�’�–�™�›�’�—�•�œ�1�˜�•�1�•�‘�Ž�1�–�Ž�—�’�—�•�Ž�Š�•�1�œ�¢�œ�•�Ž�–�1�˜�—�1�•�‘�Ž�1
endocranial surface in this area imply clear localized thin -
�—�’�—�•�1�˜�•�1�•�‘�Ž�1�‹�˜�—�Ž�ï�1

At the anterior junction of the parietal bones there is a 
���,�œ�‘�Š�™�Ž�1�Š�›�Ž�Š�1�˜�•�1 �•�‘�’�—�—�Ž�›�1 �‹�˜�—�Ž�1�•�‘�Š�•�1 �Œ�˜�›�›�Ž�œ�™�˜�—�•�œ�1�•�˜�1 �•�‘�Ž�1�ž�™-
�™�Ž�›�–�˜�œ�•�1 �Ž�¡�•�Ž�—�œ�’�˜�—�1 �˜�•�1 �•�‘�Ž�1 �Š�œ�Œ�Ž�—�•�’�—�•�1 �•�›�˜�—�•�Š�•�1 �•�¢�›�’�ï�1 ���—�1 �Š�•�•�’-
tion, Pacchionian impressions accentuate the relief in this 
�Š�›�Ž�Š�ð�1�Œ�Š�ž�œ�’�—�•�1�Š�1�•�Ž�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�•�‘�Ž�1�Ž�—�•�˜�Œ�›�Š�—�’�Š�•�1�œ�ž�›�•�Š�Œ�Ž�1�Š�—�•�1
�•�‘�Ž�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�‘�’�—�—�’�—�•�1�˜�•�1�•�‘�Ž�1�‹�˜�—�Ž�ï�1���‘�’�œ�1�•�‘�’�—�—�’�—�•�1�Š�•�œ�˜�1�Œ�˜�›-
�›�Ž�œ�™�˜�—�•�œ�1�•�˜�1�•�‘�Ž�1�™�˜�œ�•�Ž�›�’�˜�›�1�Ž�¡�•�Ž�—�œ�’�˜�—�1�˜�•�1�•�‘�Ž�1�‹�›�Ž�•�–�Š�•�’�Œ�1�Ž�–�’-
nence. There is no exocranial relief at the junction of the 
�•� �˜�1 �™�Š�›�’�Ž�•�Š�•�1 �‹�˜�—�Ž�œ�ð�1 �—�˜�1 �”�Ž�Ž�•�1 �Š�—�•�1 �—�˜�1 �™�Š�›�Š�œ�Š�•�’�4�Š�•�1 ���Š�4�Ž�—�’�—�•�1
are observable. On the contrary, the exocranial surface of 
�•�‘�Ž�1 �‹�˜�—�Ž�1 �œ�Ž�Ž�–�œ�1 �•�˜�1 �‹�Ž�1 ���Š�4�Ž�—�Ž�•�1 �Š�•�•�1 �Š�•�˜�—�•�1 �•�‘�Ž�1 �Ž�¡�•�Ž�—�œ�’�˜�—�1 �˜�•�1
the suture. The variation in bone thickness in this area is 
�–�Š�’�—�•�¢�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�œ�Š�•�’�4�Š�•�1�œ�’�—�ž�œ�ð�1�Š�1�•�Ž�™�›�Ž�œ-
sion on the endocranial surface that decreases bone thick-
�—�Ž�œ�œ�ï�1 ���‘�Ž�1 �œ�•�’�•�‘�•�•�¢�1 �•�‘�’�Œ�”�Ž�›�1 �Š�›�Ž�Š�1 �’�—�1�•�‘�Ž�1 �™�˜�œ�•�Ž�›�’�˜�›�1 �‘�Š�•�•�1 �˜�•�1 �•�‘�Ž�1
junction of the parietal bones is related to the depressions 
�˜�—�1�‹�˜�•�‘�1�œ�’�•�Ž�œ�1�˜�•�1�•�‘�’�œ�1�œ�Š�•�’�4�Š�•�1�œ�’�—�ž�œ�ï�1���‘�Ž�1�•�’�™�•�˜�’�Œ�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1
the parietal bone is partly altered in its inferior extension, 
�™�Š�›�•�’�Œ�ž�•�Š�›�•�¢�1�˜�—�1�•�‘�Ž�1�Ž�¡�™�˜�œ�Ž�•�1�›�’�•�‘�•�1�œ�’�•�Ž�1�Š�—�•�1�•�˜�›�1�•�‘�Ž�1�’�—�•�Ž�›�’�˜�›�1
�‘�Š�•�•�1�˜�—�1�•�‘�Ž�1�•�Ž�•�•�1�œ�’�•�Ž�ï�1���‘�Ž�›�Ž�ð�1�•�‘�Ž�1�•�’�™�•�˜�’�Œ�1�‹�˜�—�Ž�1�’�œ�1�‘�’�•�‘�•�¢�1�–�’�—-
eralized, more so than in the inner and outer bone tables, 
and its internal structure is not perfectly preserved. Above, 
the structure is visible and some canals for diploic veins are 
observable. 

The relative thickness of the inner and outer tables is 
�Œ�˜�—�œ�’�œ�•�Ž�—�•�1 �Š�•�˜�—�•�1 �•�‘�Ž�1 �•�ž�•�•�1 �Ž�¡�•�Ž�—�•�1 �˜�•�1 �•�‘�Ž�1 �™�Š�›�’�Ž�•�Š�•�1 �‹�˜�—�Ž�œ�ï�1 ���‘�Ž�1
diploic layer is the component whose contribution to total 
bone thickness varies the most in relation with total bone 
thickness. It is the main component where thickness is 
maximal and it is much thinner when total bone thickness 
decreases, where it contributes the least to total bone thick-
ness. 

���Ž�–�™�˜�›�Š�•�1�‹�˜�—�Ž�œ�ï Bone thickness is minimal in the area 
�˜�•�1�–�˜�œ�•�1�˜�•�1�•�‘�Ž�1�•�Š�•�Ž�›�Š�•�1�Œ�˜�ž�›�œ�Ž�1�˜�•�1�•�‘�Ž�1�–�’�•�•�•�Ž�1�•�Ž�–�™�˜�›�Š�•�1�•�¢�›�ž�œ�1
�û�Å�Y�.�Z�–�–�ü�ï�1���Š�¡�’�–�ž�–�1�Ÿ�Š�•�ž�Ž�œ�1�û�Å�W�X�–�–�ü�1�Š�›�Ž�1�–�Ž�Š�œ�ž�›�Ž�•�1�’�—�1�•�‘�Ž�1
anterior corner of the squama, and in and posterior to the 
mastoid area. The upper part of the squama has a thickness 
�˜�•�1�Š�›�˜�ž�—�•�1�^�–�–�ï�1���‘�’�œ�1�Š�›�Ž�Š�1�˜�•�1�•�‘�’�Œ�”�Ž�›�1�‹�˜�—�Ž�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�œ�1�Ž�—-
docranially to the course of the sylvian valley.

���Œ�Œ�’�™�’�•�Š�•�1 �‹�˜�—�Ž. The course of the internal occipital 
�Œ�›�Ž�œ�•�1�Œ�›�Ž�Š�•�Ž�œ�1�Š�1�Œ�•�Ž�Š�›�1�•�‘�’�Œ�”�Ž�—�’�—�•�1�˜�•�1�•�‘�Ž�1�‹�˜�—�Ž�ò�1�•�‘�Ž�1�–�Š�¡�’�–�ž�–�1
�Ÿ�Š�•�ž�Ž�1�’�œ�1�Å�W�Y�–�–�ð�1�“�ž�œ�•�1�™�˜�œ�•�Ž�›�’�˜�›�1�•�˜�1�•�Š�–�‹�•�Š�ï�1���‘�Ž�1�•�‘�’�—�—�Ž�œ�•�1�Š�›-
�Ž�Š�œ�1�˜�•�1�•�‘�Ž�1�˜�Œ�Œ�’�™�’�•�Š�•�1�œ�š�ž�Š�–�Š�1�û�Å�Z�–�–�ü�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�1�•�˜�1�•�‘�Ž�1�Ž�—�•�˜-
cranial occipital poles. The preserved course of the occipital 
torus is an area of thickened bone. Due to the incomplete 
preservation of the central part of the bone, we cannot es-
timate the thickness at the external occipital protuberance. 
���‘�’�Œ�”�—�Ž�œ�œ�1�›�Ž�Š�Œ�‘�Ž�œ�1�Š�1�–�’�—�’�–�Š�•�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�Y�–�–�1�˜�—�1�•�‘�Ž�1�Œ�Ž�›�Ž�‹�Ž�•-
lar plane in the preserved areas of the incurvation of the 
cerebellar fossa. Endinion was certainly below inion.

���‘�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�‹�˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�’�œ�1�•�Ž�—�Ž�›�Š�•�•�¢�1�œ�¢�–�–�Ž�•-
�›�’�Œ�Š�•�1�û� �’�•�‘�1�›�Ž�œ�™�Ž�Œ�•�1�•�˜�1�•�‘�Ž�1�œ�Š�•�’�4�Š�•�1�™�•�Š�—�Ž�ü�1�Š�•�•�1�˜�Ÿ�Ž�›�1�•�‘�Ž�1�Ÿ�Š�ž�•�•�ð�1

bone, thickness decreases toward its most infero-posterior 
corners, where the bone is very thin, around 2mm. This 
thinner area extends vertically and corresponds exactly 
to the location of the lateral extension of the third frontal 
convolution. There is a clear frontal keel on nearly all the 
�•�›�˜�—�•�Š�•�1�œ�š�ž�Š�–�Š�ï�1���•�1�œ�•�Š�›�•�œ�1�’�—�1�•�‘�Ž�1�•�•�Š�‹�Ž�•�•�Š�›�1�Š�›�Ž�Š�1� �‘�Ž�›�Ž�1�’�•�1�’�œ�1�Š�1
�œ�–�Š�•�•�1 �›�Ž�•�’�Ž�•�1 �Š�—�•�1 �Ž�—�•�Š�›�•�Ž�œ�1 �™�˜�œ�•�Ž�›�’�˜�›�•�¢�1 �’�—�1 �Š�1 �•�Š�›�•�Ž�1 �‹�›�Ž�•�–�Š�•�’�Œ�1
�Ž�–�’�—�Ž�—�Œ�Ž�ï�1 ���‘�Ž�1 �•�›�˜�—�•�Š�•�1 �”�Ž�Ž�•�1 �’�œ�1 �—�˜�•�1 �›�Ž�•�Š�•�Ž�•�1 �ž�—�Š�–�‹�’�•�ž�˜�ž�œ�•�¢�1
�•�˜�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�’�—�1�˜�Ÿ�Ž�›�Š�•�•�1�‹�˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�ð�1�Š�œ�1�’�•�1�’�œ�1�˜�—�•�¢�1�œ�•�’�•�‘�•�•�¢�1
elevated above the rest of the external cranial surface, com-
�™�Š�›�Ž�•�1�•�˜�1�•�‘�Ž�1�Ÿ�Š�›�’�Š�•�’�˜�—�œ�1�’�—�1�‹�˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�•�ž�Ž�1�•�˜�1�•�Š�›�•�Ž�›�1�Ž�—-
docranial traits. 

���‘�Ž�1�‹�›�Ž�•�–�Š�•�’�Œ�1�Ž�–�’�—�Ž�—�Œ�Ž�ð�1�˜�—�1�•�‘�Ž�1�˜�•�‘�Ž�›�1�‘�Š�—�•�ð�1�’�œ�1�Š�—�1�Ž�¡-
�•�Ž�›�—�Š�•�1�•�Ž�Š�•�ž�›�Ž�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�Š�1�œ�•�’�•�‘�•�1�’�—�Œ�›�Ž�Š�œ�Ž�1�û�Å�Y�–�–�ü�1�˜�•�1�•�‘�Ž�1�•�˜-
tal bone thickness, due to the variation in the endocranial 
�œ�ž�›�•�Š�Œ�Ž�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1�•�‘�Ž�1�ž�™�™�Ž�›�–�˜�œ�•�1�Ž�¡�•�Ž�—�œ�’�˜�—�1�˜�•�1�•�‘�Ž�1���›�œ�•�1
�•�›�˜�—�•�Š�•�1 �Œ�˜�—�Ÿ�˜�•�ž�•�’�˜�—�ï�1 ���‘�’�Œ�”�—�Ž�œ�œ�1 �’�œ�1 �Š�›�˜�ž�—�•�1 �W�V�ï�[�–�–�1 �’�—�1 �•�‘�Ž�1
�‹�›�Ž�•�–�Š�•�’�Œ�1�Š�›�Ž�Š�1�Œ�˜�–�™�Š�›�Ž�•�1�•�˜�1�Š�1�–�’�—�’�–�Š�•�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�]�ï�[�–�–�1�Š�•�1
the lateral border of the eminence on the left side, around 
�W�ï�[�Œ�–�1�•�›�˜�–�1�•�‘�Ž�1�–�’�•�,�œ�Š�•�’�4�Š�•�1�Š�›�Ž�Š�ï�1���‘�Ž�›�Ž�1�’�œ�1�—�˜�1�Œ�˜�›�˜�—�Š�•�1�”�Ž�Ž�•�ï�1
���˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�Š�•�˜�—�•�1�•�‘�Ž�1�Œ�˜�›�˜�—�Š�•�1�œ�ž�•�ž�›�Ž�1�’�œ�1�–�Š�’�—�•�¢�1�Š���Ž�Œ�•�Ž�•�1
�‹�¢�1 �•�‘�Ž�1 �™�›�Ž�œ�Ž�—�Œ�Ž�1 �˜�•�1 �•�‘�Ž�1 �œ�ž�•�ž�›�Ž�ï�1 ���Š�•�ž�Ž�œ�1 �Š�›�Ž�1 �•�‘�Ž�›�Ž�•�˜�›�Ž�1 �•�˜� �Ž�›�1
than anteriorly and posteriorly. 

The frontal sinuses play a major role in the internal 
�Š�—�Š�•�˜�–�¢�1�˜�•�1�•�‘�Ž�1�•�›�˜�—�•�Š�•�1�‹�˜�—�Ž�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�’�›�1�•�›�Ž�Š�•�1�Ž�¡�•�Ž�—�œ�’�˜�—�1�û�œ�Ž�Ž�1
�‹�Ž�•�˜� �ü�ð�1�’�—�Œ�•�ž�•�’�—�•�1�’�—�Ÿ�Š�•�’�—�•�1�•�‘�Ž�1�Š�—�•�Ž�›�’�˜�›�1�‘�Š�•�•�1�˜�•�1�•�‘�Ž�1�•�›�˜�—�•�Š�•�1
squama. In the posterior half, the contribution of the inter -
�—�Š�•�1�•�Š�‹�•�Ž�1�•�˜�1�������1�•�Ž�Œ�›�Ž�Š�œ�Ž�œ�1�Š�—�•�Ž�›�˜�,�™�˜�œ�•�Ž�›�’�˜�›�•�¢�1�Š�—�•�1�Š�™�™�Ž�Š�›�œ�1
to vary laterally in relation with total bone thickness. The 
external table is thicker posteriorly and also where bone is 
thicker. The diploic layer shows more variation, particular -
�•�¢�1�’�—�1�›�Ž�•�Š�•�’�˜�—�1�•�˜�1�•�‘�Ž�1�™�Š�4�Ž�›�—�1�˜�•�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Ž�—�•�˜�Œ�›�Š�—�’�Š�•�1
�•�˜�™�˜�•�›�Š�™�‘�¢�ò�1� �‘�Ž�›�Ž�Š�œ�1�•�‘�Ž�1�’�—�—�Ž�›�1�Š�—�•�1�˜�ž�•�Ž�›�1�‹�˜�—�Ž�1�•�Š�‹�•�Ž�œ�1�œ�‘�˜� �1
�Š�1�•�Ž�—�Ž�›�Š�•�1 �•�›�Ž�—�•�1�˜�•�1 �•�‘�’�Œ�”�—�Ž�œ�œ�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�˜�•�1 �•�‘�Ž�1�•�›�˜�—�•�Š�•�1 �‹�˜�—�Ž�ð�1
the diploic layer is the one that varies most in relation to 
�•�˜�Œ�Š�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�1�’�—�1�‹�˜�—�Ž�1�•�‘�’�Œ�”�—�Ž�œ�œ�ï�1

Several foramina are visible on the anterior surface of 
�•�‘�Ž�1 �•�›�˜�—�•�Š�•�1 �•�˜�›�ž�œ�ï�1 ���‘�Ž�¢�1 �™�›�˜�™�Š�•�Š�•�Ž�1 �’�—�•�Ž�›�—�Š�•�•�¢�1 �Š�—�•�1 �–�Š�—�¢�1 �˜�•�1
�•�‘�Ž�–�1�Œ�˜�—�—�Ž�Œ�•�1� �’�•�‘�1�•�‘�Ž�1�•�›�˜�—�•�Š�•�1�œ�’�—�ž�œ�Ž�œ�ï�1���ž�œ�•�1�™�˜�œ�•�Ž�›�’�˜�›�1�•�˜�1�•�‘�Ž�1
frontal sinuses and in the medial part of the frontal squama, 
several foramina on the endocranial surface communicate 
with the diploic structure of the bone.

���Š�›�’�Ž�•�Š�•�1�‹�˜�—�Ž�œ�ï�1���‘�Ž�1�Š�›�Ž�Š�1�˜�•�1�–�Š�¡�’�–�Š�•�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�û�W�[�–�–�ü�1
is the postero-lateral corner of the bone. This is due to the 
�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1 �Š�1�–�Š�›�”�Ž�•�1 �Ž�¡�•�Ž�›�—�Š�•�1 �›�’�•�•�Ž�ð�1 �—�Š�–�Ž�•�¢�1 �•�‘�Ž�1 �–�Š�œ�•�˜�’�•�1
crest, which continues on the parietal bone and forms an 
�Š�—�•�ž�•�Š�›�1�•�˜�›�ž�œ�1�•�‘�Š�•�1�Œ�˜�—�—�Ž�Œ�•�œ�1�˜�—�1�•�‘�Ž�1�˜�Œ�Œ�’�™�’�•�Š�•�1�‹�˜�—�Ž�1� �’�•�‘�1�•�‘�Ž�1
�•�Š�•�Ž�›�Š�•�1�Ž�¡�•�Ž�—�œ�’�˜�—�1�˜�•�1�•�‘�Ž�1�˜�Œ�Œ�’�™�’�•�Š�•�1�•�˜�›�ž�œ�ï�1���‘�Ž�1�ž�—�•�Ž�›�•�¢�’�—�•�1�Ž�—-
docranial structure is the lateral sinus and the postero-basal 
�Ž�¡�•�Ž�—�œ�’�˜�—�1�˜�•�1�•�‘�Ž�1�•�Ž�–�™�˜�›�Š�•�1�•�˜�‹�Ž�ð�1� �‘�’�Œ�‘�1�’�œ�1�•�Ž�œ�œ�1�™�›�˜�“�Ž�Œ�•�’�—�•�1�•�‘�Š�—�1
�•�‘�Ž�1 �Š�•�“�Š�Œ�Ž�—�•�1 �–�’�•�•�•�Ž�1 �•�Ž�–�™�˜�›�Š�•�1 �•�¢�›�ž�œ�1 �˜�›�1 �•�‘�Ž�1 �˜�Œ�Œ�’�™�’�•�Š�•�1 �•�˜�‹�Ž�ð�1
�Œ�˜�—�•�›�’�‹�ž�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �˜�‹�œ�Ž�›�Ÿ�Ž�•�1 �•�‘�’�Œ�”�Ž�—�’�—�•�1 �˜�•�1 �•�‘�Ž�1 �‹�˜�—�Ž�ï�1 ���‘�Ž�1
�™�Š�›�’�Ž�•�Š�•�1�‹�˜�—�Ž�œ�1�Š�›�Ž�1�Š�•�œ�˜�1�•�•�˜�‹�Š�•�•�¢�1�•�‘�’�Œ�”�Ž�›�1�–�Ž�•�’�Š�•�•�¢�ð�1� �’�•�‘�1�Ÿ�Š�•-
�ž�Ž�œ�1�Œ�˜�–�™�›�’�œ�Ž�•�1 �‹�Ž�•� �Ž�Ž�—�1�W�W�–�–�1�Š�—�•�1�W�Y�–�–�ð�1�Š�—�•�1�•�‘�’�—�—�Ž�›�1 �Š�•�1
their antero-lateral extension, with a minimal thickness of 
�Š�›�˜�ž�—�•�1�Z�–�–�ï�1���‘�’�œ�1�™�Š�4�Ž�›�—�1�˜�•�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�–�Š�¢�1�‹�Ž�1�Ž�¡�™�•�Š�’�—�Ž�•�1
as follows: the thicker area corresponds to the course of the 
�’�—�•�Ž�›�™�Š�›�’�Ž�•�Š�•�1 �œ�ž�•�Œ�’�1 �Š�—�•�1 �’�œ�1 �›�Ž�•�Š�•�Ž�•�1 �™�˜�œ�•�Ž�›�’�˜�›�•�¢�1 �•�˜�1 �•�‘�Ž�1 �œ�•�’�•�‘�•�1
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that is oriented distally compared to the main axis of the 
�›�˜�˜�•�ï�1 ���‘�Ž�1�������1 �˜�•�1 �•�‘�Ž�1�›�’�•�‘�•�1 �Œ�Š�—�’�—�Ž�1�û�Y�W�ï�X�–�–�w�ü�1�’�œ�1�ž�—�•�Ž�›�Ž�œ�•�’-
mated due to the obstruction of the apical pulp by a sec-
ondary deposit.

���˜�œ�•�Œ�Š�—�’�—�Ž�1 �•�˜�˜�•�‘�1 �›�˜�˜�•�œ�ï The premolars of the BH1 
specimen have only one root. However, the third premo -
�•�Š�›�œ�1�•�’���Ž�›�1�•�›�˜�–�1�•�˜�ž�›�•�‘�1�™�›�Ž�–�˜�•�Š�›�œ�1�‹�¢�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�Š�1�•�Ž�Ž�™�1
�Š�—�•�1 �Ž�¡�•�Ž�—�œ�’�Ÿ�Ž�1 �–�Ž�œ�’�Š�•�1 �•�›�˜�˜�Ÿ�Ž�ð�1 � �‘�’�Œ�‘�1 �’�œ�1 �–�˜�›�Ž�1 �™�›�˜�—�˜�ž�—�Œ�Ž�•�1
�˜�—�1 �•�‘�Ž�1 �›�’�•�‘�•�ï�1 ���‘�Ž�1 �™�ž�•�™�1 �Œ�Š�Ÿ�’�•�¢�1 �˜�•�1 �•�‘�Ž�1 �›�’�•�‘�•�1 �•�‘�’�›�•�1 �™�›�Ž�–�˜�•�Š�›�1
�‘�Š�œ�1�•� �˜�1�Œ�Š�—�Š�•�œ�1�•�‘�›�˜�ž�•�‘�˜�ž�•�1�•�‘�Ž�1�•�Ž�—�•�•�‘�1�˜�•�1�•�‘�Ž�1�›�˜�˜�•�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1
root pulp of the left third premolar is bifurcated only in the 
central third of the root. The roots of both fourth premolars 
�Š�›�Ž�1�•�Ž�Ÿ�˜�’�•�1�˜�•�1�–�Ž�œ�’�Š�•�1�˜�›�1�•�’�œ�•�Š�•�1�•�›�˜�˜�Ÿ�Ž�œ�1�Š�—�•�1�‘�Š�Ÿ�Ž�1�˜�—�•�¢�1�˜�—�Ž�1
pulp canal. 

The molars have three roots, with the exception of the 
�›�’�•�‘�•�1�•�‘�’�›�•�1�–�˜�•�Š�›�1� �‘�’�Œ�‘�1�™�˜�œ�œ�Ž�œ�œ�Ž�œ�1�˜�—�•�¢�1�•� �˜�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�1
�Ÿ�Ž�œ�•�’�‹�ž�•�Š�›�1�›�˜�˜�•�1�’�œ�1�–�Š�›�”�Ž�•�1�‹�¢�1�Š�1�œ�•�›�˜�—�•�1�•�›�˜�˜�Ÿ�Ž�1�Š�—�•�1�•�‘�Ž�1�Ÿ�Ž�œ-
tibular canal pulp is bifurcated. Thus, all of the upper mo -
lars of BH1 have three pulp canals. The pulp chambers of 
the second molars are the best preserved of all and have a 
total volume of 27.29mm³ for the right tooth and 34.83�–�–�w�1
for the left. One part of the crown and the root of the left 
second molar is absent at the mesial side due to a carious 
�•�Ž�œ�’�˜�—�ï�1���‘�Ž�1�Œ�˜�›�˜�—�Š�›�¢�1�™�ž�•�™�œ�1�‘�Š�Ÿ�Ž�1�Š�1�œ�ž�‹�,�•�›�’�Š�—�•�ž�•�Š�›�1�œ�‘�Š�™�Ž�1�’�—�1
�˜�Œ�Œ�•�ž�œ�Š�•�1�Ÿ�’�Ž� �1�Š�—�•�1�‘�Š�Ÿ�Ž�1�•� �˜�1�Œ�ž�œ�™�œ�1�–�Š�›�”�’�—�•�1�•�‘�Ž�1�•�˜�Œ�Š�•�’�˜�—�1�˜�•�1
the paracone and protocone.

� � � � � � � � � � � �� � � � � � � �� � � � � � � �
���Š�›�Š�—�Š�œ�Š�•�1 �™�—�Ž�ž�–�Š�•�’�£�Š�•�’�˜�—�ï The frontal, maxillary and 
sphenoidal sinuses of BH1 are shown in situ�1�û���’�•�ž�›�Ž�œ�1�\�1�Š�—�•�1
�]�ü�ò�1 �•�‘�Ž�’�›�1 �œ�’�£�Ž�œ�ð�1�–�Ž�Š�œ�ž�›�Ž�•�1 �‹�¢�1 �Ÿ�˜�•�ž�–�Ž�1�Š�—�•�1 �œ�ž�›�•�Š�Œ�Ž�1�Š�›�Ž�Š�ð�1 �Š�›�Ž�1
�œ�‘�˜� �—�1�’�—�1���Š�‹�•�Ž�1�[�1�Š�—�•�1�•�‘�Ž�’�›�1�Ž�¡�•�Ž�—�•�œ�1�Š�›�Ž�1�•�’�Ÿ�Ž�—�1�’�—�1���Š�‹�•�Ž�1�\�ï�1���‘�Ž�1
relative extents of sinuses measured from virtual recon-
�œ�•�›�ž�Œ�•�’�˜�—�œ�1�û�Š�œ�1�‘�Ž�›�Ž�ü�1 �’�œ�1�•�’���Œ�ž�•�•�1 �•�˜�1 �Œ�˜�–�™�Š�›�Ž�1 �‹�Ž�•� �Ž�Ž�—�1�œ�™�Ž�Œ�’-
�–�Ž�—�œ�ð�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�•�’���Œ�ž�•�•�¢�1�˜�•�1�œ�•�Š�—�•�Š�›�’�£�’�—�•�1�˜�›�’�Ž�—�•�Š�•�’�˜�—�1�‹�Ž-
tween virtual specimens. Thus, the data presented here are 
intended only to enable visualization of the size of the si -
�—�ž�œ�Ž�œ�1� �’�•�‘�’�—�1�•�‘�Ž�1�Œ�›�Š�—�’�ž�–�1�û�Š�1�›�Ž�•�Š�•�’�˜�—�œ�‘�’�™�1�•�‘�Š�•�1�’�œ�1�•�’���Œ�ž�•�•�1�•�˜�1

� �’�•�‘�1�—�˜�1�•�Š�›�•�Ž�1�‹�’�•�Š�•�Ž�›�Š�•�1�Ÿ�Š�›�’�Š�•�’�˜�—�œ�ï�1���˜�–�Ž�1�•�˜�Œ�Š�•�1�Š�—�•�1�›�Ž�œ�•�›�’�Œ�•�Ž�•�1
variations are visible, however. The clearest asymmetry is 
observed in the center of the parietal bone, around the area 
of the parietal eminence. Here, the left side is thicker than 
�•�‘�Ž�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�’�—�•�1�Š�›�Ž�Š�1�˜�—�1�•�‘�Ž�1�›�’�•�‘�•�ï�1���‘�’�œ�1�’�œ�1�•�ž�Ž�1�™�Š�›�•�’�Œ�ž�•�Š�›�•�¢�1
�•�˜�1�Š�1�œ�•�’�•�‘�•�1�•�’���Ž�›�Ž�—�•�’�Š�•�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�˜�•�1�•�‘�Ž�1�ž�—�•�Ž�›�•�¢�’�—�•�1�Ž�—�•�˜-
cranial structures.

���•�•�’�•�’�˜�—�Š�•�1�–�Ž�•�›�’�Œ�œ�1�•�˜�›�1������. The thickness of the fron-
tal bone on a circular area of 1.2cm in the center of the fron-
tal bone has a mean value of 7.7mm there. In this area, the 
�–�Ž�Š�—�1 �•�‘�’�Œ�”�—�Ž�œ�œ�1 �˜�•�1 �•�‘�Ž�1 �Ž�¡�•�Ž�›�—�Š�•�1 �•�Š�‹�•�Ž�1 �’�œ�1 �X�ï�Y�–�–�ð�1 �•�‘�Ž�1 �–�Ž�Š�—�1
�Ÿ�Š�•�ž�Ž�1 �•�˜�›�1 �•�‘�Ž�1 �•�’�™�•�˜�’�Œ�1 �•�Š�¢�Ž�›�1 �’�œ�1 �X�ï�[�–�–�ð�1 �Š�—�•�1 �•�‘�Ž�1 �–�Ž�Š�—�1 �Ÿ�Š�•�ž�Ž�1
for the internal table is 2.9mm. On the left parietal bone, a 
�Œ�’�›�Œ�ž�•�Š�›�1�Š�›�Ž�Š�1�˜�•�1�X�ï�[�Œ�–�1�’�—�1�•�‘�Ž�1�Œ�Ž�—�•�Ž�›�1�˜�•�1�•�‘�Ž�1�‹�˜�—�Ž�1�‘�Š�œ�1�Š�1�•�‘�’�Œ�”-
�—�Ž�œ�œ�1� �’�•�‘�1�Š�1�–�Ž�Š�—�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�W�V�ï�_�–�–�ï�1���—�1�•�‘�’�œ�1�Š�›�Ž�Š�ð�1�•�‘�Ž�1�–�Ž�Š�—�1
thickness of the external table is 2.7mm, the mean value for 
�•�‘�Ž�1�•�’�™�•�˜�’�Œ�1�•�Š�¢�Ž�›�1�’�œ�1�\�ï�W�–�–�ð�1�Š�—�•�1�•�‘�Ž�1�–�Ž�Š�—�1�Ÿ�Š�•�ž�Ž�1�•�˜�›�1�•�‘�Ž�1�’�—-
�•�Ž�›�—�Š�•�1�•�Š�‹�•�Ž�1�’�œ�1�W�ï�^�–�–�ï�1���•�•�’�•�’�˜�—�Š�•�1�Ÿ�Š�•�ž�Ž�œ�1� �Ž�›�Ž�1�š�ž�Š�—�•�’���Ž�•�1�•�˜�›�1
�œ�•�Š�—�•�Š�›�•�1�Š�—�Š�•�˜�–�’�Œ�Š�•�1�•�Š�—�•�–�Š�›�”�œ�1�û�œ�Ž�Ž�1���Š�‹�•�Ž�1�Z�ü�ï

� � � � � � � � � 
 �1� � � � � � � � � � �1
���—�•�Ž�›�’�˜�›�1�•�˜�˜�•�‘�1 �›�˜�˜�•�œ�ï�1The metric data are shown in Table 
1. The roots of the upper central incisors show an approxi-
mately circular section at the cervical line (R ratio (LL) / R 
�û���ü�ñ�1�V�ï�_�1�.�1�W�ï�V�1�•�˜�›�1�•�‘�Ž�1�›�’�•�‘�•�1�Œ�Ž�—�•�›�Š�•�1�’�—�Œ�’�œ�˜�›�1�Š�—�•�1�W�ï�W�1�•�˜�›�1�•�‘�Ž�1�•�Ž�•�•�ü�1
�Š�—�•�1�›�Ž�•�Š�’�—�1�•�‘�’�œ�1�•�˜�›�–�1�•�‘�›�˜�ž�•�‘�˜�ž�•�1�•�‘�Ž�’�›�1�•�Ž�—�•�•�‘�ï�1���˜�1�–�Ž�œ�’�Š�•�1�˜�›�1
�•�’�œ�•�Š�•�1�•�›�˜�˜�Ÿ�Ž�1�’�œ�1�œ�Ž�Ž�—�ï�1���Ž�Œ�Š�ž�œ�Ž�1�˜�•�1�•�‘�Ž�1�™�Š�›�•�’�Š�•�1�˜�‹�œ�•�›�ž�Œ�•�’�˜�—�1�˜�•�1
�•�‘�Ž�1�™�ž�•�™�1�Œ�Š�Ÿ�’�•�¢�1�˜�•�1�•�‘�Ž�1�›�’�•�‘�•�1�Œ�Ž�—�•�›�Š�•�1�’�—�Œ�’�œ�˜�›�1�‹�¢�1�Š�1�œ�Ž�Œ�˜�—�•�Š�›�¢�1
�•�Ž�™�˜�œ�’�•�1�û�Œ�Š�•�Œ�’�•�Ž�1�˜�›�1�œ�Ž�Œ�˜�—�•�Š�›�¢�1�•�Ž�—�•�’�—�Ž�ü�ð�1�•�‘�Ž�1�������1�û�›�˜�˜�•�1�™�ž�•�™�1
�Ÿ�˜�•�ž�–�Ž�ü�1 �’�œ�1 �Œ�•�Ž�Š�›�•�¢�1 �•�’���Ž�›�Ž�—�•�1 �‹�Ž�•� �Ž�Ž�—�1 �•�‘�Ž�1 �•� �˜�1 �Œ�Ž�—�•�›�Š�•�1 �’�—�Œ�’-
�œ�˜�›�œ�1 �û�����ñ�1 �‹�Ž�•� �Ž�Ž�—�1 �V�ï�Y�–�–�w�1 �Š�—�•�1 �^�ï�X�–�–�w�1 �•�˜�›�1 �•�‘�Ž�1 �›�’�•�‘�•�1 �’�—�Œ�’-
�œ�˜�›�1�Š�—�•�1�‹�Ž�•� �Ž�Ž�—�1�W�W�ï�[�–�–�w�1�Š�—�•�1�X�W�ï�Y�–�–�w�1�•�˜�›�1�•�‘�Ž�1�•�Ž�•�•�1�’�—�Œ�’�œ�˜�›�ü�ï�1
Due to the same kind of deposit located at the extremities 
of the tooth, the pulp cavity volume of the left central inci -
sor is also underestimated. In the side view, the labial and 
�•�’�—�•�ž�Š�•�1�œ�ž�›�•�Š�Œ�Ž�œ�1�Š�›�Ž�1�Š�™�™�›�˜�¡�’�–�Š�•�Ž�•�¢�1�œ�•�›�Š�’�•�‘�•�1�•�›�˜�–�1�•�‘�Ž�1�Š�™�Ž�¡�1
to the cervical line.

The root of the upper left lateral incisor has a more 
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takes shape only on the middle third of the root. The pulp 
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In side view, the labial surface of the root is convex from 
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The upper canines present a more oval cross-section 
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�—�’�—�Ž�ü�1 �Š�•�1 �•�‘�Ž�1 �Œ�Ž�›�Ÿ�’�Œ�Š�•�1 �–�Š�›�•�’�—�Š�•�1 �•�’�—�Ž�ð�1 �Š�—�•�1 �›�Ž�•�Š�’�—�1 �•�‘�’�œ�1 �œ�‘�Š�™�Ž�1
�•�‘�›�˜�ž�•�‘�˜�ž�•�1�•�‘�Ž�’�›�1�•�Ž�—�•�•�‘�ï�1���‘�Ž�1�›�’�•�‘�•�1�Œ�Š�—�’�—�Ž�1�‘�Š�œ�1�Š�1�•�›�Š�Œ�•�ž�›�Ž�1�˜�•�1
�•�‘�Ž�1 �›�˜�˜�•�1 �ž�—�•�Ž�›�1 �•�‘�Ž�1 �Œ�Ž�›�Ÿ�’�Œ�Š�•�1 �–�Š�›�•�’�—�Š�•�1 �Œ�Ž�›�Ÿ�’�Œ�Š�•�1 �•�’�—�Ž�ð�1 � �‘�’�Œ�‘�1
�•�›�Ž�Š�•�•�¢�1�•�’�–�’�•�œ�1�•�‘�Ž�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1�–�Ž�•�›�’�Œ�Š�•�1�•�Š�•�Š�1�•�˜�›�1�•�‘�’�œ�1�•�˜�˜�•�‘�ï�1���—�1
the side view, the labial surface of the root of the canines 
shows a concavity on the lower one-third and a convexity 
on the upper two thirds, while the labial surface is relative -
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nuses sectioned out and shown as colored volumes (colors as in 
Figure 5). Not to scale.
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lary and sphenoidal sinuses are far less complex in shape 
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the respective bones they pneumatize. The maxillary sinus-
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these measurements are not compared to those from other 
fossils. Only left maxillary sinus extent is reported, as there 
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sion. The overall shape of the frontal sinus is fan-like, but 
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hand slice) and left (right hand slice) slides. Not to scale.
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TABLE 5. SINUS METRICS FOR BH1. * 

 
Sinus Frontal  L. maxillary  R. maxillary  Sphenoidal  

Measurement  Vol  SA S/V Vol  SA S/V Vol  SA S/V Vol  SA S/V 

  38478.6 14604.1 0.4 38050.7 8142.3 0.2 39978 9079.2 0.2 16466 6847.7 0.4 

*Vol: volume (mm 3), SA: surface area (mm2), S/V: surface area to volume ratio��
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poral pneumatization is well preserved inside the left tem -
poral bone, except where a hole (see above) penetrates 
the antero-superior portion of the mastoid process. Air 
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the lowermost extension of the mastoid process and at the 
postero-medial extension of the superior surface of the pe-
trous bone. The volume of the preserved pneumatization is 
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tend from this cavity, particularly in planar view. Pneuma -
tization is well developed in the petro-mastoid area. Ante -
riorly, cells are present as far as above the external auditory 
meatus. Superiorly, the pneumatization is limited to the 
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squamous temporal. Inferiorly, cells are present in the ante-
�›�’�˜�›�1�™�Š�›�•�1�˜�•�1�•�‘�Ž�1�–�Š�œ�•�˜�’�•�1�™�›�˜�Œ�Ž�œ�œ�ð�1�›�Ž�Š�Œ�‘�’�—�•�1�•�‘�Ž�1�–�˜�œ�•�1�’�—�•�Ž�›�’�˜�›�1
extension of this process, but are only present in the more 
anterior and uppermost extension of the juxtamastoid emi -
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of the temporal bone. Posteriorly, some pneumatic cells, 
located in the summit of the mastoid, reach the level of the 
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than those observed above the level of the external auditory 
meatus and when closer to the petrosal apex. 

Figure 8. The left temporal bone of BH1 and 3D reconstructions 
in left lateral and endocranial views where the bones are shown 
in grey; pneumatization is visible by transparency and is shown 
in darker color as well as the cochlea and semi-circular canals.
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TABLE 6. MEASU REMENTS OF SINUS EXTENTS FOR BH 1 (mm) (see Figure 5). 
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splits in several branches that also show several rami. The 
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on the left side. The obelic branch has a reduced diameter 
in its anterior extension. It is parallel to the posterior branch 
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where it splits into two rami. The posterior (or lambdatic) 
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shows some rami at the level of the superior part of the 
third temporal convolution. 
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bone for a few millimetres. This branch, however, also is 
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anteriorly. It leaves the bone in the center of the sylvian val-
ley, just behind the third frontal convolution. 
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system are visible in the anterior part of both hemispheres. 
They are numerous and very thin. They cover the lateral 
extension of the third frontal convolution in the direction 
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of the second frontal convolution with a tree-like structure. 
Finally, thin imprints are also visible on the encephalic ros -
trum.
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spheric sulcus is narrow. The encephalic rostrum is short 
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The orbital part is exceptionally well preserved and con -
cave on both sides. In anterior view, the orientation of the 
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the third frontal convolution on both sides. This morphol -
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On the inferior surface of the frontal lobes, only those 
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asm and the adjacent areas of the optic tracts are well pre-
served. A circular protuberance in the center of the chiasm 
could correspond to the imprint of the hypophysis. 

The superior surface of the frontal lobe displays nu-
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tal convolution increases from the frontal pole to the as-
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the coronal suture. The imprints that delimit the third fron -
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Endocranial volume for BH1 has been estimated previous-
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treme values previously published for this individual show 
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endocranial volume of BH1 is used in the rest of this article 
and can be considered as a reliable estimation for this speci-
men in future works.
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and low. The maximum width is in a low position at the 
level of the temporal lobes, but with a relatively anterior 
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result, the endocast is ovoid in shape in superior view. The 
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the endocast seen in posterior view has lateral walls that 
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towards the perpendicular sulci in front of the occipital 
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diameter increases from the area of the central sulci towards 
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nus, which is only partly preserved. The left lateral sinus is 
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no evidence of the sphenoparietal sinuses. The left superior 
petrosal sinus forms a shallow depression. The structure 
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lar on both hemispheres. The anterior ramus is the more 
�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�ð�1�Œ�˜�Ÿ�Ž�›�’�—�•�1�•�‘�Ž�1�™�˜�œ�•�Ž�›�’�˜�›�1�™�Š�›�•�1�˜�•�1�•�‘�Ž�1�•�›�˜�—�•�Š�•�1�•�˜�‹�Ž�œ�1
and the complete parietal lobes. On the left hemisphere, the 
common tract is visible from the base of the temporal lobes. 
At the lateral extent of the junction of the middle and an -
terior fossae, which also corresponds to the junction of the 
frontal and sphenoid bones, the vessel penetrates the bone 
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not visible on the endocast just above the sylvian valley. 
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the skull. 
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Figure 9. 3D models of the endocast of BH1 in superior and left lateral views. Representation in antero-lateral views of the 3D recon-
structions of the skull shown by transparency and of the endocast.
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tion is located more posteriorly, inferiorly, and laterally on 
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area has a more compact shape on the left side. Its size is in 
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ness values and relatively low diploic ratios. As observed 
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is relatively thin in the upper part of the frontal squama. 
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described for H. erectus or H. sapiens. Only few comparative 
data, however, are available for fossil hominins (Balzeau 
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to identify possible features of taxonomic relevance.
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the thickest vault observed in our fossil hominin samples. 
This was observed both for absolute and relative values. 
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supraorbital torus and then decreases rapidly. An increase 
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is also noticeable. The ectocranial relief visible on BH1 is 
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increase in bone thickness was observable only in some H. 
erectus fossils, particularly the most robust ones with more 
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tal convolution are well marked. The cap incisure depress-
es the center of this convolution on both hemispheres. The 
third frontal convolution is more pronounced and projects 
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width between the frontal and the temporal lobes is wider 
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The sylvian valley between the frontal and the tempo -
ral lobes continues into the lateral sulci, whose orientation 
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sponds to the inferior limit of the preserved part of the en -
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the pole to the parietooccipital sulcus. The imprint of the 
superior temporal sulcus is barely perceptible and the one 
for the inferior temporal sulcus follows the inferior border 
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In the parietal lobes, the transversal curvature is maxi-
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versely, the post-central sulci are easy to locate thanks to 
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second parietal convolution is circular in shape and well 
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hemisphere. The second parietal convolutions, where they 
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The occipital and cerebellar lobes are preserved on the 
left hemisphere. The occipital lobe is prominent, accentu-
ated by the depression in the posterior part of the parietal 
lobes. The inferior parts of the occipital sulci are clearly vis-
ible and separate the three occipital convolutions. These 
convolutions are not discernible in the upper part of the 
occipital lobe. The preoccipital incisura is covered by the 
transverse sinus. The parieto-occipital sulcus is apparent 
from the pre-occipital notch on both sides, anterior to the 
lambdoid suture. The cerebellar lobe has an anterior posi-
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on the cerebellar surface.
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compared to the left pole. The left occipital pole has a more 
posterior projection, is above, and has a more medial posi-
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less than 1mm for the antero-posterior variations and be-
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the frontal and maxillary sinus volumes are very similar in 
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maxillary sinus in Petralona. These relationships hold 
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be expected from the other two fossils, but this may be due 
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impression that the sinuses of BH1 are more complex in 
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resolution of the BH1 scan, which enables more accurate 
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bone would be expected to lead to a more complex sinus 
than that of the frontal.
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variation of temporal bone pneumatization in hominins is 
limited, due to the lack of descriptive data available, but 
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pneumatization in BH1 is more developed than in Nean -
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Six standard endocranial measurements of the endocast 
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12). These measurements describe the overall shape of the 
endocast in all directions and have been selected for their 
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as well as the frontal chord, the parietal chord, and the oc-
cipital chord. All variables were scaled relative to endocra -
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plots at the limit of the distribution of the H. sapiens sample 
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with the other fossil hominins, but it is relatively wider and 
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thicker parietal bones, particularly in the postero-medial 
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H. erectus sensus lato. It corresponds to a plesiomorphic ex-
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hominins such as the skulls from La Sima de los Huesos 
are currently unavailable. The scan set for Petralona is of 
relatively low resolution, but this specimen also shows 
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of distribution that resembles the plesiomorphic condition 
observed for BH1. The main peculiarity of BH1 is related 
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for the vault.
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terior teeth of BH1, as well as the cervical diameters and 
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the modern human samples. This observation is true for 
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have caused hypercementosis, which increases the size of 
the roots, mainly on the radicular apex. This secondary de-
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of thickness on the apex, particularly for the anterior teeth 
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especially for the linear and surface area parameters.
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frontal sinus and one maxillary sinus are measurable in all 
three specimens. There is a considerable level of variation 
�’�—�1�œ�’�—�ž�œ�1�Ÿ�˜�•�ž�–�Ž�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�œ�Ž�1�•�‘�›�Ž�Ž�1�’�—�•�’�Ÿ�’�•�ž�Š�•�œ�/���Ž�•�›�Š�•�˜-
�—�Š�1�‘�Š�œ�1�•�Š�›�1�•�Š�›�•�Ž�›�1�™�Š�›�Š�—�Š�œ�Š�•�1�œ�’�—�ž�œ�1�Ÿ�˜�•�ž�–�Ž�œ�1�•�‘�Š�—�1���˜�•�˜�ð�1� �‘�’�Œ�‘�1
�’�—�1 �•�ž�›�—�1 �‘�Š�œ�1 �•�Š�›�1 �•�Š�›�•�Ž�›�1 �Ÿ�˜�•�ž�–�Ž�œ�1 �•�‘�Š�—�1 ���
�W�ð�1 �™�Š�›�•�’�Œ�ž�•�Š�›�•�¢�1 �•�˜�›�1
�•�‘�Ž�1�•�›�˜�—�•�Š�•�1�œ�’�—�ž�œ�Ž�œ�1�û���Š�‹�•�Ž�1�^�ð�1�œ�Ž�Ž�1���’�•�ž�›�Ž�1�W�W�ü�ï�1���‘�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�œ�1
�‹�Ž�•� �Ž�Ž�—�1�œ�™�Ž�Œ�’�–�Ž�—�œ�1�Š�•�œ�˜�1�Ÿ�Š�›�’�Ž�œ�1� �’�•�‘�1�™�Š�›�Š�—�Š�œ�Š�•�1�œ�’�—�ž�œ�1�•�¢�™�Ž�ò�1



Anatomy of the Broken Hill 1 Cranium •  127

Figure 10. 3D topographic mapping of the variation of total bone thickness rendered using a chromatic scale (thickness increasing 
from white to black, corresponding to a variation between 2mm and 22mm) in left and superior views in BH1, Petralona, Cro-Magnon 
1, La Ferrassie 1, and Sangiran 2.
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fossil hominin distribution.
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for the occipital lobes (also derived from the valued mea-
�œ�ž�›�Ž�•�1 �˜�—�1 �•�‘�Ž�1 �•�Ž�•�•�1 �‘�Ž�–�’�œ�™�‘�Ž�›�Ž�ü�ï�1 ���˜�–�™�Š�›�Š�•�’�Ÿ�Ž�1 �•�Š�•�Š�1 �•�˜�›�1 �œ�Ž�Ÿ-
eral fossil hominin species have already been published for 
�•�‘�’�œ�1�•�Ž�Š�•�ž�›�Ž�1�û���Š�•�£�Ž�Š�ž�1�Ž�•�1�Š�•�ï�1�X�V�W�X�ò�1�	�›�’�–�Š�ž�•�,�
�Ž�›�Ÿ�·�1�W�_�_�]�ü�ð�1�Š�—�•�1
���
�W�1�•�Š�•�•�œ�1� �’�•�‘�’�—�1�•�‘�Ž�1�›�Š�—�•�Ž�1�˜�•�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž H. erectus sam-
ples for the relative surface of the frontal lobes, of Asian H. 
erectus for the parieto-temporal lobes, and of all the fossil 
samples for the occipital lobes. BH1 has a relative value for 
�•�‘�Ž�1�™�Š�›�’�Ž�•�˜�,�•�Ž�–�™�˜�›�Š�•�1�•�˜�‹�Ž�œ�1�•�‘�Š�•�1�’�œ�1�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�œ�–�Š�•�•�Ž�›�1�û�•�½�,
�Y�ï�Y�V�X�ð�1�™�À�V�ï�V�V�W�ü�1�•�‘�Š�—�1�•�‘�Ž�1�–�Ž�Š�—�1�•�˜�›�1H. sapiens �û�–�Ž�Š�—�½�W�Z�W�–�–�ð�1
�—�½�W�V�\�ü�ï
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This morphometric analysis provides additional data about 
some cranial features and their related internal variations, 
�‹�˜�•�‘�1�˜�•�1� �‘�’�Œ�‘�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�œ�ž�•�•�Ž�œ�•�Ž�•�1�•�˜�1�‹�Ž�1�•�’�Š�•�—�˜�œ�•�’�Œ�1�˜�•�1�•�‘�Ž�1
���–�’�•�,���•�Ž�’�œ�•�˜�Œ�Ž�—�Ž�1�Š�œ�œ�Ž�–�‹�•�Š�•�Ž���1�û���’�•�‘�•�–�’�›�Ž�1�X�V�V�W�ð�1�X�V�V�Z�ð�1�X�V�W�Y�ü�ï

���Ž�1�™�Ž�›�•�˜�›�–�Ž�•�1�Š�1���›�œ�•�1�Š�—�Š�•�¢�œ�’�œ�1�˜�—�1�•�‘�Ž�1� �‘�˜�•�Ž�1�œ�Š�–�™�•�Ž�1�û�•�˜�œ-

�•�˜� �1 �Ÿ�Š�•�ž�Ž�1 �•�˜�›�1 �•�‘�Ž�1 �™�Š�›�’�Ž�•�Š�•�1 �Œ�‘�˜�›�•�ò�1 �Š�1 �•�˜�—�•�1 �™�Š�›�’�Ž�•�Š�•�1 �Œ�‘�˜�›�•�1 �’�œ�1
characteristic of H. sapiens. There is no clear separation 
�‹�Ž�•� �Ž�Ž�—�1�•�˜�œ�œ�’�•�1�‘�˜�–�’�—�’�—�1�œ�™�Ž�Œ�’�Ž�œ�1�’�—�1�•�‘�’�œ�1�Š�—�Š�•�¢�œ�’�œ�1�˜�•�1�•�Ž�—�Ž�›�Š�•�1
�•�’�–�Ž�—�œ�’�˜�—�œ�1 �˜�•�1 �•�‘�Ž�1 �Ž�—�•�˜�Œ�Š�œ�•�ï�1���œ�1 �Š�1 �•�›�˜�ž�™�ð�1���œ�’�Š�—�1H. erectus 
�œ�™�Ž�Œ�’�–�Ž�—�œ�1�•�Š�•�•�1�˜�—�1�•�‘�Ž�1�›�’�•�‘�•�1�œ�’�•�Ž�1�˜�•�1�•�‘�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�˜�œ�œ�’�•�1
�‘�˜�–�’�—�’�—�œ�ð�1� �‘�’�•�Ž�1���•�›�’�Œ�Š�—�1�œ�™�Ž�Œ�’�–�Ž�—�œ�ð�1�’�—�Œ�•�ž�•�’�—�•�1�Ž�Š�›�•�¢�1Homo, 

��
TABLE 7. LINEAR, SURFACE AREA AND VOLUMETRIC PARAMETERS  

OF THE COMPAR ATIVE  SAMPLE (from Le Cabec et al. 2013). 

 

Tooth  Taxa n 
RL* R(MD) * R(LL)* RSA* CA* RV* RPV* R(MD)/R(LL)  

(mm) (mm)  (mm) (mm²) (mm²) (mm³) (mm³) - 

UI1  
African �
�ï�1
�Ž�›�Ž�Œ�•�ž�œ�1

1 20.35 8.53 8.56 407.49 59.86 664.10 49.62 1.0 

 Asian �
�ï�1�Ž�›�Ž�Œ�•�ž�œ�1 1 15.40 7.23 6.62 269.06 36.37 364.75 18.70 0.92 

 EMH  3 16.61 7.03 7.14 265.76 36.75 346.74 18.21 1.03 

 NEA  17 17.23 7.04 7.58 315.31 41.88 452.00 37.25 1.09 

 UPEPIH 6 13.50 6.81 6.86 220.25 36.04 274.95 10.87 1.01 

  RMH  24 12.94 5.88 6.33 192.33 29.93 225.60 8.74 1.08 

UI2  
African �
�ï�1
�Ž�›�Ž�Œ�•�ž�œ�1

1 18.84 5.01 8.33 425.32 36.61 464.92 27.32 1.66 

 EMH 3 15.08 7.03 7.14 230.04 36.75 266.53 21.66 1.38 

 NEA  18 17.62 6.11 7.96 343.08 39.59 487.24 31.36 1.31 

 UPEPIH 6 13.70 4.78 6.20 188.35 22.90 193.01 7.74 1.3 

  RMH  22 12.98 4.60 5.87 172.11 22.01 172.22 6.90 1.28 

UC Asian �
�ï�1�Ž�›�Ž�Œ�•�ž�œ�1 2 21.60 7.20 11.09 501.16 63.55 811.87 67.02 1.54 

 EMH  3 18.19 6.26 8.74 315.30 42.53 426.43 28.79 1.39 

 NEA  12 22.51 6.18 9.35 454.30 46.18 650.57 36.65 1.51 

 UPEPIH 8 16.90 5.71 8.68 278.24 27.11 343.56 16.36 1.52 

  RMH  12 16.07 5.31 7.63 254.20 21.97 308.10 9.54 1.44 
* RL: root length; R(MD): mesio-distal root diameter; R(LL): labio -lingual root diameter; RSA: root surface area; CA: cervical area; RV: root 
volume; RPV: root pulp volume; UI: upper incisor; UC: upper canine; BH: Broken Hill; EMH: early modern humans; NEA: Neanderta ls; 
UPEPIH: Upper Palaeolithic and Epipaleolithic/Mesol ithic humans; RMH: recent modern humans.  

Figure 11. All preserved sinuses in (left to right) Bodo and Pe-
�•�›�Š�•�˜�—�Š�ï�1 ���›�˜�—�•�Š�•�ñ�1 �–�Š�•�Ž�—�•�Š�ò�1 �›�’�•�‘�•�1 �–�Š�¡�’�•�•�Š�›�¢�ñ�1 �›�Ž�•�ò�1 �•�Ž�•�•�1 �–�Š�¡�’�•�•�Š�›�¢�ñ�1
blue. Not to scale.
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���‘�Ž�1�������1�˜�•�1�•�‘�Ž�1�•�Š�•�Š�1�•�˜�›�1�•�‘�Ž�1� �‘�˜�•�Ž�1�œ�Š�–�™�•�Ž�1�û���’�•�ž�›�Ž�1�W�Y�ü�1
shows a clear separation between H. sapiens and other spe-
cies of Homo �Š�•�˜�—�•�1�����W�ð�1� �‘�’�Œ�‘�1�Š�Œ�Œ�˜�ž�—�•�œ�1�•�˜�›�1�Z�W�ï�X�–�1�˜�•�1�•�‘�Ž�1�•�˜-
tal sample variation. Fossil specimens also show some sepa-
�›�Š�•�’�˜�—�1�Š�•�˜�—�•�1�����X�1�û�Y�X�ï�X�–�1�˜�•�1�•�˜�•�Š�•�1�œ�Š�–�™�•�Ž�1�Ÿ�Š�›�’�Š�•�’�˜�—�ü�ð�1� �’�•�‘�1�•�‘�Ž�1
���‘�’�—�Ž�œ�Ž�1�Š�—�•�1 �–�˜�›�Ž�1 �›�Ž�Œ�Ž�—�•�1 ���—�•�˜�—�Ž�œ�’�Š�—�1H. erectus �Œ�•�ž�œ�•�Ž�›�’�—�•�1
�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�1�Š�•�1�•�‘�Ž�1�™�˜�œ�’�•�’�Ÿ�Ž�1�Š�—�•�1�•�‘�Ž�1�—�Ž�•�Š�•�’�Ÿ�Ž�1�Ž�—�•�1�˜�•�1�•�‘�Ž�1�Š�¡�’�œ�ï�1
���Ž�Š�—�•�Ž�›�•�Š�•�œ�ð�1�•�‘�Ž�1�˜�•�•�Ž�›�1���Š�—�•�’�›�Š�—�1�X�1�•�˜�œ�œ�’�•�ð�1�•�‘�Ž�1�•� �˜�1���•�›�’�Œ�Š�—�1H. 
erectus fossils, Petralona and Broken Hill 1 are intermediate, 
� �’�•�‘�1 ���Ž�Š�—�•�Ž�›�•�Š�•�œ�1 �—�Ž�Ÿ�Ž�›�•�‘�Ž�•�Ž�œ�œ�1 �•�›�˜�ž�™�’�—�•�1 �•�˜�•�Ž�•�‘�Ž�›�1 � �’�•�‘�’�—�1
�•�‘�’�œ�1�Œ�•�ž�œ�•�Ž�›�ï�1���‘�Ž�1�•�›�Ž�Š�•�Ž�œ�•�1�™�Š�›�•�1�˜�•�1�•�‘�Ž�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�’�—�1�•�‘�’�œ�1�œ�Š�–�™�•�Ž�1
�Š�Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�•�‘�’�œ�1�������1 �’�œ�1�Š�Œ�Œ�˜�ž�—�•�Ž�•�1�•�˜�›�1�‹�¢�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�œ�1
between H. sapiens and other species of Homo�ï�1���‘�Š�—�•�Ž�œ�1�’�—�1
the shape space include a drastic reduction in the frontal 
�Š�—�•�1�˜�Œ�Œ�’�™�’�•�Š�•�1�œ�ž�™�Ž�›�œ�•�›�ž�Œ�•�ž�›�Ž�œ�ð�1�Š�1�•�•�˜�‹�ž�•�Š�›�’�£�Š�•�’�˜�—�1�˜�•�1�‹�˜�•�‘�1�•�‘�Ž�1
skull and endocranium with a vertical development of the 
�™�Š�›�’�Ž�•�Š�•�1�•�˜�‹�Ž�œ�1�Š�—�•�1�‹�˜�—�Ž�œ�ð�1�Š�—�•�1�Š�1�–�˜�›�Ž�1�›�Ž�•�›�Ž�Š�•�’�—�•�1�™�˜�œ�’�•�’�˜�—�1�˜�•�1
the tip of the encephalic rostrum. Another important por -
tion of the variation in this sample is accounted for by the 
�Ÿ�Š�›�’�Š�‹�•�Ž�œ�1�˜�•�1 �����X�ð�1 � �‘�’�Œ�‘�1 �œ�Ž�™�Š�›�Š�•�Ž�œ�1�•�‘�Ž�1 �•�‘�›�Ž�Ž�1 �–�Š�’�—�1�Œ�•�ž�œ�•�Ž�›�œ�1
�˜�•�1 �•�˜�œ�œ�’�•�1 �œ�™�Ž�Œ�’�–�Ž�—�œ�1 �û���‘�’�—�Ž�œ�Ž�1 �Š�—�•�1 ���—�•�˜�—�Ž�œ�’�Š�—�1H. erectus at 
the two extremes of the axis, and the other fossils cluster-
�’�—�•�1�•�˜�•�Ž�•�‘�Ž�›�1�’�—�1�Š�—�1�’�—�•�Ž�›�–�Ž�•�’�Š�•�Ž�1�™�˜�œ�’�•�’�˜�—�ü�ï�1���‘�’�œ�1�œ�‘�˜� �œ�1�û�•�›�˜�–�1
�—�Ž�•�Š�•�’�Ÿ�Ž�1 �•�˜�1 �™�˜�œ�’�•�’�Ÿ�Ž�1 �Ÿ�Š�•�ž�Ž�œ�ü�1 �Š�1 �•�ž�›�•�‘�Ž�›�1 �›�Ž�•�ž�Œ�•�’�˜�—�1 �’�—�1 �•�›�˜�—�•�Š�•�1
�Š�—�•�1�˜�Œ�Œ�’�™�’�•�Š�•�1�œ�ž�™�Ž�›�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�Š�1�–�˜�›�Ž�1�™�›�˜�“�Ž�Œ�•�’�—�•�1
occipital lobe, relatively shorter frontal bone and lobes, and 
�›�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1�•�˜�—�•�Ž�›�1�™�Š�›�’�Ž�•�Š�•�1�‹�˜�—�Ž�œ�1�Š�—�•�1�•�˜�‹�Ž�œ�ï

sil species and Homo sapiens), and a second analysis on the 
�•�˜�œ�œ�’�•�1�•�Š�¡�Š�1�˜�—�•�¢�1�û�—�½�W�]�ü�ð�1�’�—�1�˜�›�•�Ž�›�1�•�˜�1�•�Š�’�—�1�Š�1�‹�Ž�4�Ž�›�1�ž�—�•�Ž�›�œ�•�Š�—�•-
�’�—�•�1 �˜�•�1 �™�›�˜���•�Ž�1 �Ÿ�Š�›�’�Š�•�’�˜�—�œ�1� �’�•�‘�’�—�1 �•�‘�Ž�1 �•�Ž�—�ž�œ�1Homo when re-
�–�˜�Ÿ�’�—�•�1�•�‘�Ž�1�•�•�˜�‹�ž�•�Š�›�’�£�Š�•�’�˜�—�1�™�‘�Ž�—�˜�–�Ž�—�˜�—�1�œ�Ž�Ž�—�1�’�—�1H. sapiens 
from the analysis.

��
TABLE 8. SIZE-CORRECTED SINUS MEASUREMENTS USING G -FMT 

(glabella to frontomalare temporale). * 
��

  Frontal  L. maxillary  R. maxillary  Sphenoidal  

Specimen Vol  SA Vol  SA Vol  SA Vol  SA 

BH1 �^�Z�ï�V�1 �X�Z�[�ï�]�1 �^�Y�ï�V�1 �W�Y�]�ï�V�1 �^�]�ï�X�1 �W�[�X�ï�]�1 �Y�[�ï�_�1 �W�W�[�ï�X�1

Bodo �W�Z�[�ï�W�1 �X�Z�Y�ï�Y�1 �1�1 �1�1 �W�X�Y�ï�^�1 �W�[�_�ï�[�1 �1�1 �1�1

Petralona �X�V�^�ï�]�Y�1 �Y�]�^�ï�_�Z�1 �W�Z�W�ï�X�Y�1 �W�]�]�ï�Y�\�1 �1�1 �1�1 �1�1 �1�1
�����Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1�’�—�1�–�–�Y�1�•�˜�›�1�Ÿ�˜�•�ž�–�Ž�œ�1�Š�—�•�1�–�–�X�1�•�˜�›�1�Š�›�Ž�Š�œ�ï�1���›�˜�”�Ž�—�1�
�’�•�•�1�W�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1�•�Š�”�Ž�—�1�•�›�˜�–�1
�–�’�Œ�›�˜�����1�•�Š�•�Š�1�Š�œ�1�Š�‹�˜�Ÿ�Ž�ð�1���˜�•�˜�1�Š�—�•�1���Ž�•�›�Š�•�˜�—�Š�1�–�Ž�Š�œ�ž�›�Ž�•�1�˜�—�1�–�Ž�•�’�Œ�Š�•�1�����1�œ�Œ�Š�—�œ�1� �’�•�‘�1�›�Ž�œ�˜�•�ž�•�’�˜�—�œ�1�˜�•�1
�V�ï�[�–�– �1�¡�1 �V�ï�[�–�–�1�¡�1 �W�–�–�ð�1�Š�—�•�1 �W�–�– �1�¡�1 �W�–�– �1�¡�1 �W�–�–�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ð�1 �•�Š�•�Š�1 �•�›�˜�–�1 �’�—�œ�•�’�•�ž�•�’�˜�—�œ�1 �’�—�1 �•�‘�Ž�1
�Š�Œ�”�—�˜� �•�Ž�•�•�Ž�–�Ž�—�•�œ�ï�1

��
TABLE 9. SIZE-CORRECTED SURFACE AREA TO VOLUME RATIO FOR  

EACH PRESERVED SINUS FOR BROKEN HILL 1, BODO, AND PETRALONA.  
��

Specimen Frontal  L. maxillary  R. maxillary  Sphenoidal  

  S/V S/V S/V S/V 

BH1 �X�ï�_�Y�1 �W�ï�\�[�1 �W�ï�]�[�1 �Y�ï�X�W�1

Bodo �W�ï�\�^�1 �1�1 �W�ï�X�_�1 �1�1

Petralona �W�ï�^�X�1 �W�ï�X�\�1 �1�1 �1�1

��

Figure 12. First and second principal components (represent-
ing respectively 47% and 22.8% of the total variance) computed 
on the size-corrected variables maximum length of the endocast 
(MLE), maximum width (MWE), maximum height above the 
maximal length (MHlE), frontal chord (FalC), parietal chord 
(PalC), and occipital chord (OalC). The black circles correspond 
to the recent modern humans, the dark grey circles to the fossil 
Homo sapiens and the light grey circles to the fossil hominins. 
BH1 corresponds to the large grey square.
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�Š�•�œ�˜�1 �’�—�1���ž�™�™�•�Ž�–�Ž�—�•�Š�›�¢�1 ���—�•�˜�›�–�Š�•�’�˜�—�.�����W2) and have evalu-
�Š�•�Ž�•�1�•�‘�Ž�œ�Ž�1�•�›�Š�’�•�œ�1�›�Ž�•�Š�•�’�Ÿ�Ž�1�•�˜�1�•�‘�Ž�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1�”�—�˜� �•�Ž�•�•�Ž�1�˜�•�1�˜�•�‘�Ž�›�1
fossil hominins and extant hominids. Here, we synthesize 
and contextualize this new information.

���‘�Ž�1�•�‘�’�Œ�”�1�•�›�˜�—�•�Š�•�1�•�˜�›�ž�œ�1�Š�—�•�1�•�‘�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�������1�˜�—�1
�•�‘�Ž�1 �™�Š�›�’�Ž�•�Š�•�1 �‹�˜�—�Ž�1 �•�’�œ�•�’�—�•�ž�’�œ�‘�1 ���
�W�1 �û�Š�•�˜�—�•�1 � �’�•�‘�1 ���Ž�•�›�Š�•�˜�—�Š�1
and Asian H. erectus�ò ���Š�•�£�Ž�Š�ž�1 �X�V�W�Y�ò�1 ���Š�•�£�Ž�Š�ž�1 �Š�—�•�1 ���‘�Š�›�•�’�Ž�›�1
�X�V�W�\�ü�1�•�›�˜�–�1���Ž�Š�—�•�Ž�›�•�Š�•�œ�1�Š�—�•�1H. sapiens �û���Œ�‘� �Š�›�5�1�Š�—�•�1���Š�•-
�•�Ž�›�œ�Š�•�•�1�X�V�W�V�ü�ï�1���
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lated to a clear variation in bone thickness. Indeed, it is 
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be equalled or surpassed by variation in the shape of the 
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a similar distribution of the specimens into clusters, but 
demonstrates a clearer separation between Neandertals 
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of the total sample variation. The main shape variations 
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frontal and the parietal lobes and bones, and a thicker oc-
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caused by an extension of the cranial vault, but also by an 
important reduction in the projection of the occipital lobe. 
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Petralona and BH1, sometimes deemed to exhibit a shared 
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most extreme Neandertals or the African H. erectus speci-
mens.
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Figure 13. First and second principal components of the two-dimensional geometric morphometrics analysis of the exo and endocra-
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of many features: the external relief features, of course, but 
also the shapes of the bones and of the upper part of the 
frontal lobes. BH1 is robust when its superstructures are 
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This combination is distinct in BH1, compared to the rest 
of the fossil hominin record, but BH1 does not display any 
�˜�•�1�•�‘�Ž�1�Š�™�˜�–�˜�›�™�‘�’�Œ�1�•�›�Š�’�•�œ�1�•�˜�›�1�������1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�’�—�1�Ž�’�•�‘�Ž�›�1���Ž�Š�—-
dertals or H. sapiens. This may be of interest in terms of the 
�•�Ž�‹�Š�•�Ž�1�˜�Ÿ�Ž�›�1� �‘�Ž�•�‘�Ž�›�1�’�•�1�‹�Ž�•�˜�—�•�œ�1�•�˜�1�•�‘�Ž�1�œ�™�Ž�Œ�’�Ž�œ�1�û�˜�•�•�Ž�—�1�Œ�Š�•�•�Ž�•�1
H. heidelbergensis) that may represent the last common an-
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Our study provides additional data to analyze and 
understand cranial features and their related internal 
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Figure 14. First and second principal components of the two-dimensional geometric morphometrics analysis of the exo and endo-
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the roots of the anterior teeth of BH1 are consistent with 
these observations and can be considered as an ancestral 
condition.
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tive, paranasal sinus size, the H. heidelbergensis sample in-
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in relative volume between BH1, Bodo, and Petralona. 
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(Africa) as between Bodo and BH1 (Africa), in terms of si-
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paranasal sinus evidence to date does not support a split 
between the African material and the European material, 
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is borne out by data with improved resolution, however, it 
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variation observed for H. erectus and below the mean value 
for H. sapiens �û�	�›�’�–�Š�ž�•�,�
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and does not show the derived condition observed in later 
species.
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and that of other Homo specimens. There is a complete 
separation between the fossils and the H. sapiens sample, 
and BH1 falls well within the fossil sample variation, show -
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in the middle cluster is explained by the fact that the BH1 
skull and endocast are robust, but do not show the reduced 
projection of the occipital area or the shorter frontal areas 
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and the Petralona skull from most of the rest of the sample 
(Homo erectus and BH1). The position of BH1 on the plot 
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parietal). BH1, unlike Petralona, does not appear to show 
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expressed.
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BH1 within the fossil record and do not allow us to either 
reject or accept close ties with putative H. heidelbergensis 
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acteristics with both Neandertals and H. sapiens that would 
be expected for a common ancestor either. Finally, the BH1 
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er fossils, it does not allow us to clarify relationships be -
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in the interpretation of this fossil until more specimens are 
known and available for analysis.
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of the roots of the anterior teeth in Neandertals could be 
an ancestral condition, also shared with early modern hu -
mans. This characteristic could contrast with the derived 
condition of more recent modern humans, which have re -
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H. naledi has been a topic of much discussion. However, 
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In the future, we hope that this behavior will appear 
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in the classical orientations, with biplots obtained from 
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coordinates that permit inclusion of the specimens in fu -
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cal description of hominin specimens, both in the case of 
announcement of new discoveries or for important speci -
mens found many decades previously, should now always 
include qualitative and quantitative data that allow further 
independent research on the material.
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important for potential interpretation of their anatomical 
features, as well as in the context of comparative studies. 
In the case of Broken Hill 1 we have tried to complete two 
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been addressed before, and compare these with all the 
available information published for relevant fossil homi -
nins.

Broken Hill 1 shows some unusual anatomical fea-
tures, such as very extensive frontal paranasal pneumati-
zation (in common with other potential H. heidelbergensis) 
and thick cranial bone. For many of the features analyzed, 
however, this fossil does not exhibit the apomorphic condi -
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be partly explained by an allometric relationship relative to 
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context. But complete description of other key fossil homi -
nins and of their internal cranial features will be necessary 
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epithelium available in a more complex sinus could be ben-
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variation is perhaps most likely to be stochastic.
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this pneumatization tends to be more reduced in specimens 
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the lateral walls of the vault, compared to others with the 
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in mid-Pleistocene hominins, and its interest for taxonomic 
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of the temporal bone. 

Finally, the study of BH1 shows that this relatively 
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analyses further illustrate that its shape does not display 
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However, endocranial features are well individualized. 
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foot of the second parietal convolution is circular in shape 
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of expression observed in Neandertals or modern humans.
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of many internal anatomical features of Broken Hill 1, dis -
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analyses for each feature on restricted and unsatisfactory 
samples, we decided to focus here on all these anatomical 
aspects for the specimen. The information detailed here 
will be useful for future research, by us and others, and 
we hope that this work will stimulate similar exhaustive 
descriptions of other important fossil hominin specimens. 
Indeed, one dramatic limitation to this study has been the 
non-availability of appropriate comparative samples, since 
the anatomy for most of the features studied here has not 
yet been described for most of the other emblematic speci-
mens from the mid-Pleistocene. This raises important is-
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