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A59 An Outline Analysis of Ancestry and Sex Differences in Cranial Shape

Rachel E. Murphy, BA*, 100 W Canopy Oak Court, Apt 2B, Cary, NC 27513; and Heather M. Garvin, PhD, Mercyhurst University, Dept 
of Applied Forensic Sciences, 501 E 38th Street, Erie, PA 16546

7KH�JRDO�RI�WKLV�SUHVHQWDWLRQ�LV�WR�LQWURGXFH�D�QHZ�DSSURDFK�WR�WKH�HVWLPDWLRQ�RI�VH[�DQG�DQFHVWU\�IURP�VNHOHWDO�UHPDLQV�DV�D�SDUW�RI�
WKH�IRUPDWLRQ�RI�D�ELRORJLFDO�SUR¿OH���$WWHQGHHV�ZLOO�XQGHUVWDQG�WKH�XWLOLW\�RI�FUDQLDO�RXWOLQHV�LQ�WKH�HVWLPDWLRQ�RI�DQFHVWU\�DQG�VH[�IURP�
WKH�VNXOO���)XUWKHU��DWWHQGHHV�ZKR�DUH�DFFXVWRPHG�WR�YLVXDOO\�DQDO\]LQJ�QRQ�PHWULF�WUDLWV�ZLOO�OHDUQ�WKDW�JHRPHWULF�PRUSKRPHWULF�RXWOLQH�
analysis can also capture the overall variation in trait expression and help identify cranial traits that are responsible for the most variation 

between ancestry and sex groups.

This presentation will impact the forensic science community by introducing a new method for studying human cranial variation 

WKDW�LV�FDSDEOH�RI�LQFUHDVLQJ�WKH�REMHFWLYLW\�RI�WUDGLWLRQDO�QRQ�PHWULF�WHFKQLTXHV�XVHG�WR�HVWLPDWH�WKH�ELRORJLFDO�SUR¿OH�IURP�VNHOHWDO�
remains.

)RUHQVLF�DQWKURSRORJLFDO�WHFKQLTXHV�WKDW�XWLOL]H�QRQ�PHWULF�VNHOHWDO�WUDLWV�WR�HVWLPDWH�VH[�DQG�DQFHVWU\�KDYH�KLVWRULFDOO\�EHHQ�FULWLFL]HG�
IRU�WKHLU�VXEMHFWLYLW\�DQG�UHSOLFDELOLW\��KRZHYHU��QRQ�PHWULF�WUDLWV�KDYH�SURYHQ�WR�EH�YDOXDEOH�WRROV�LQ�LGHQWLI\LQJ�UHPDLQV�LQ�IRUHQVLF�
investigations.  In this study, geometric morphometric analyses of cranial outlines (lateral, posterior, and superior views) were performed 

WR�DVVHVV�SRSXODWLRQ�DQG�VH[�YDULDWLRQ�LQ�D�VDPSOH�RI�PRGHUQ�KXPDQV����'�VFDQV�RI�����FUDQLD�ZHUH�FROOHFWHG�IURP�WKH�+DPDQQ�7RGG�
DQG�7HUU\�VNHOHWDO�FROOHFWLRQV�� ��'�LPDJHV�RI�WKH�OHIW�ODWHUDO��VXSHULRU��DQG�SRVWHULRU�RXWOLQHV�ZHUH�VXEVHTXHQWO\�FDSWXUHG�IURP�WKHVH�
VFDQV���7KHVH�WKUHH�YLHZV�ZHUH�FKRVHQ�IRU�DQDO\VLV�EHFDXVH�WKH\�DUH�PRVW�OLNHO\�WR�FDSWXUH�WKH�YDULDWLRQ�RI�FUDQLDO�WUDLWV�WUDGLWLRQDOO\�
used to estimate sex and ancestry, such as glabella projection, frontal bossing, dolichocephaly, and facial prognathism.  Elliptical Fourier 

DQDO\VLV�ZDV�XWLOL]HG�WR�GH¿QH�WKH�FUDQLDO�RXWOLQHV�DQG�SULQFLSOH�FRPSRQHQW�DQDO\VLV�ZDV�SHUIRUPHG�RQ�WKH�HOOLSWLFDO�)RXULHU�GHVFULSWRUV�
WR�TXDQWLI\�VKDSH�YDULDEOHV�LQWR�XQFRUUHODWHG�QXPHULFDO�YDOXHV���7ZR�ZD\�0XOWLYDULDWH�$QDO\VLV�RI�9DULDQFH��0$129$��DQDO\VHV�ZHUH�
SHUIRUPHG�RQ�WKH�SULQFLSOH�FRPSRQHQWV�WR�WHVW�IRU�VH[�DQG�DQFHVWU\�GLIIHUHQFHV�LQ�RXWOLQH�VKDSH���7ZR�ZD\�:LON¶V�ODPEGD�GLVFULPLQDQW�
function analyses were also performed to determine the utility of these cranial outlines in discriminating between sex and population 

groups.  

5HVXOWV� LQGLFDWH�WKDW�FUDQLDO�RXWOLQHV�DUH�DEOH�WR�GLIIHUHQWLDWH�EHWZHHQ�$PHULFDQ�%ODFNV�DQG�:KLWHV��DV�ZHOO�DV�$PHULFDQ�PDOHV�
DQG�IHPDOHV��ZLWK�KLJK�DFFXUDF\���'LVFULPLQDQW�IXQFWLRQ�DQDO\VLV�SHUIRUPHG�RQ�WKH�ODWHUDO�YLHZ�EHWZHHQ�%ODFNV�DQG�:KLWHV�SHUIRUPHG�
H[WUDRUGLQDULO\�ZHOO��UHVXOWLQJ�LQ�D�������FURVV�YDOLGDWHG�FRUUHFW�FODVVL¿FDWLRQ���7KH�¿UVW�SULQFLSOH�FRPSRQHQW���������DSSHDUV�WR�UHÀHFW�
changes in vault shape (brachiocephalic vs. dolichocephalic) and degree of maxillary prognathism.  These results support the traditional 

K\SRWKHVLV�WKDW�%ODFN�LQGLYLGXDOV�WHQG�WR�KDYH�D�PRUH�HORQJDWHG�FUDQLDO�YDXOW�DQG�PRUH�SURJQDWKLF�IDFH��ZKLOH�:KLWH�LQGLYLGXDOV�WHQG�
to have more rounded crania with less prognathism.  The lateral view was also the best at differentiating between males and females.  

Principle component four, which only accounted for 5.53% of the variation within the sample, actually performed the best when 

differentiating between the sexes.  The shape changes occurring in this principle component include glabella projection, with males 

SRVVHVVLQJ�ODUJHU��PRUH�SURQRXQFHG�JODEHOODH�WKDQ�IHPDOHV���2YHUDOO��UHVXOWV�LQGLFDWH�WKDW�VLJQL¿FDQW�VH[�DQG�SRSXODWLRQ�GLIIHUHQFHV�LQ�
cranial shape do exist and follow traditional qualitative descriptions.  Outline analysis may provide a more objective means of estimating 

sex and ancestry from these traits, thereby increasing estimation accuracy (as high as 93% between ancestry groups).
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