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A90 Sex Estimation From the Vertebral Foramen of the Seven Cervical Vertebrae:  An 
Analysis of Greek and Portuguese Skeletal Populations

Andrew S. Rozendaal, HBSc*, Saint Mary’s University, Dept of Anthropology, 923 Robie Street, Halifax, NS B3H 3C3, CANADA; and 
Tanya R. Peckmann, PhD, Saint Mary’s University, Dept of Anthropology, MS217, 923 Robie Street, Halifax, NS B3H 3C3, CANADA

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�UHFRJQL]H�WKH�SRWHQWLDO�YDOXH�LQ�XWLOL]LQJ�WKH�YHUWHEUDO�IRUDPHQ�RI�WKH�VHYHQ�FHUYLFDO�
YHUWHEUDH� WR� HVWLPDWH� VH[�RI� XQNQRZQ� LQGLYLGXDOV�� � 6NHOHWDO� UHPDLQV� DUH� FRPPRQO\� H[SRVHG� WR� D� YDULHW\� RI� WDSKRQRPLF�SURFHVVHV��
LQFOXGLQJ�GHVWUXFWLYH�HQYLURQPHQWDO�IDFWRUV��GLVDUWLFXODWLRQ��DQG�VFDWWHULQJ�GXH�WR�DQLPDO�VFDYHQJLQJ��ZKLFK�KLQGHU�VNHOHWDO�VH[�HVWLPDWLRQ�
methods.  The cervical vertebrae exhibit strong architectural structural integrity resulting in good postmortem preservation that increases 

WKH�OLNHOLKRRG�IRU�VXFFHVVIXO�DGXOW�VH[�HVWLPDWLRQ�ZKHQ�RWKHU�VH[XDOO\�GLDJQRVWLF�HOHPHQWV�RI�WKH�VNHOHWRQ�DUH�DEVHQW�RU�EDGO\�SUHVHUYHG�
This presentation will impact the forensic science community by providing alternative means of correctly identifying the sex of 

XQNQRZQ�LQGLYLGXDOV�IURP�WKH�FHUYLFDO�YHUWHEUDH�DQG�ZLOO�EH�XVHIXO�LQ�FDVHV�VXFK�DV�PDVV�GLVDVWHUV�ZKHQ�RQO\�IUDJPHQWHG�UHPDLQV�DUH�
available for examination.

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�VH[�DQG�WKH�FHUYLFDO�YHUWHEUDO�IRUDPHQ�LQ�WZR�:KLWH�VNHOHWDO�
populations.  A total of 295 individuals (157 males and 138 females) were selected from two cadaveric collections:  (1) the University 

RI�$WKHQV�+XPDQ�6NHOHWDO�5HIHUHQFH�&ROOHFWLRQ��*UHHFH��1 ������DQG������WKH�/XLV�/RSHV�6NHOHWDO�&ROOHFWLRQ��1DWLRQDO�0XVHXP�RI�
1DWXUDO�+LVWRU\��/LVERQ��3RUWXJDO��1 �������,QFOXVLRQ�FULWHULD�FRQVLVWHG�RI�LQGLYLGXDOV�IURP����WR����\HDUV�RI�DJH��WKH�SUHVHQFH�RI�DW�
OHDVW�¿YH�FRPSOHWH� FHUYLFDO�YHUWHEUDH�� DQG�YHUWHEUDH� IUHH�RI� VNHOHWDO�SDWKRORJLHV�� �7KH�PD[LPXP�YHUWHEUDO�ERG\�KHLJKW� �&+7��DQG�
anterior-posterior (CAP) and transverse diameters (CTR) of the vertebral foramen were recorded for each of the seven cervical vertebrae 

�H[FOXGLQJ�&+7�IRU�&�����0HDVXUHPHQWV�ZHUH�WDNHQ�IURP�WKH�VXSHULRU�DVSHFW�RI�WKH�YHUWHEUDO�IRUDPHQ�XVLQJ�D�GLJLWDO�9HUQLHU�FDOLSHU�
accurate to 0.01mm. 

7KH�GDWD�ZHUH�WKHQ�VXEMHFWHG�WR�VWDWLVWLFDO�DQDO\VHV�� WKH�PHDQ��UDQJH��DQG�VWDQGDUG�GHYLDWLRQ�ZHUH�FDOFXODWHG�IRU�HDFK�YHUWHEUD���
3HDUVRQ¶V�FRUUHODWLRQ�FRHI¿FLHQWV�ZHUH�FDOFXODWHG�WR�PHDVXUH�WKH�FRUUHODWLRQ�EHWZHHQ�&+7��&$3��DQG�&75�PHDVXUHPHQWV�DQG�VWDWXUH���
Two-sample t-tests were used to test the presence or absence of sexual dimorphism in the Athens and Lopes collections.  Two-sample 

t-tests were also used to test whether the mean vertebral measurements for males and females exhibited statistical differences between 

WKH� WZR�:KLWH� SRSXODWLRQV�� � &DQRQLFDO� GLVFULPLQDQW� IXQFWLRQ� FRHI¿FLHQWV�ZHUH� XVHG� WR� GHYHORS� IRUPXODV� WR� HVWLPDWH� VH[� IURP� WKH�
vertebrae that exhibited sexual dimorphism. 

7KH�UHVXOWV�RI�WKLV�LQYHVWLJDWLRQ�VKRZHG�WKDW�VH[XDO�GLPRUSKLVP�LV�H[KLELWHG�LQ�WKH�&+7�DQG�&75�PHDVXUHPHQWV�EHWZHHQ�PDOHV�
DQG�IHPDOHV�ZLWK�PHDQV�JUHDWHU�LQ�WKH�PDOH�SRSXODWLRQ�LQ�DOO�FHUYLFDO�YHUWHEUDO�VHJPHQWV���1R�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�
REVHUYHG�LQ�WKH�&$3�PHDVXUHPHQW�EHWZHHQ�PDOHV�DQG�IHPDOHV���7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�SRSXODWLRQ�GLIIHUHQFHV�EHWZHHQ�
YHUWHEUDO�PHDVXUHPHQWV�LQ�WKH�$WKHQV�SRSXODWLRQ�FRPSDUHG�WR�WKH�/RSHV�SRSXODWLRQV��WKHUHIRUH��PDOHV�DQG�IHPDOHV�IURP�ERWK�SRSXODWLRQV�
were grouped into one large sample population. 

:KHQ�H[DPLQLQJ� WKH� FODVVL¿FDWLRQ� UHVXOWV� WR� DVVHVV�ZKLFK�YHUWHEUDH�PRUH� DFFXUDWHO\� HVWLPDWHG� VH[�� D� FRPELQDWLRQ�RI� DOO� WKUHH�
PHDVXUHPHQWV� �&+7��&$3��&75�� IURP�DOO� VHYHQ�YHUWHEUDH� �&��&���SHUIRUPHG�EHVW�ZLWK�������FRUUHFW�PDOH�HVWLPDWLRQ�DQG�������
FRUUHFW�IHPDOH�HVWLPDWLRQ���([FOXGLQJ�WKH�LUUHJXODU�&��DQG�&��YHUWHEUDH��FODVVL¿FDWLRQ�UHVXOWV�FRUUHFWO\�HVWLPDWHG�PDOHV���������DQG�
females (81.7%).  When removing the irregular vertebrae and the transitional C7 vertebra, C3-C6 correctly estimated males (80.2%) 

DQG�IHPDOHV�����������7KH�VWURQJHVW�VH[XDOO\�GLPRUSKLF�LQGLFWRU�ZDV�WKH�&+7�PHDVXUHPHQW�IROORZHG�E\�&75�LQ�DOO�VHYHQ�YHUWHEUDH�
ZLWK�&$3�H[KLELWLQJ�PLQLPDO�VWDWLVWLFDOO\�VLJQL¿FDQW�GLPRUSKLVP���8WLOL]LQJ�&+7�DQG�&75�PHDVXUHPHQWV�IRU�YHUWHEUDH�&��&���PDOHV�
DQG�IHPDOHV�DUH�FRUUHFWO\�FODVVL¿HG�ZLWK�DFFXUDFLHV�RI�������DQG��������UHVSHFWLYHO\���&ODVVL¿FDWLRQ�XVLQJ�WKH�WZR�PHDVXUHPHQWV�RI�
the vertebral foramen (CAP, CTR) results in low accuracies for vertebrae C3-C7 with 71.3% correct male and 67% correct female 

HVWLPDWLRQV���7KH�PRVW�GLPRUSKLF�PHDVXUHPHQWV�ZHUH�&�$3��&�+7��&�75��&�+7��&�+7��&�75��DQG�&�75�ZLWK�������FRUUHFW�PDOH�
estimation and 84.9% correct female estimation using these seven features.  Sex estimation could not be performed on individual 

YHUWHEUDH�GXH�WR�SRRU�PDOH�DQG�IHPDOH�FODVVL¿FDWLRQ�DFFXUDFLHV�WKDW�UDQJHG�IURP�������WR�������
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7KLV�UHVHDUFK�KDV�VKRZQ�WKDW�VH[XDO�GLPRUSKLVP�LV�SUHVHQW�LQ�WKH�YHUWHEUDO�IRUDPHQ�RI�WKH�VHYHQ�FHUYLFDO�YHUWHEUDH��KRZHYHU��WKH�
discriminant functions equations derived from the two vertebral foramen dimensions (CAP, CTR) are of limited use because of the 
ORZ�FRUUHFW�VH[�HVWLPDWLRQ�DFFXUDFLHV���7KH�&+7�PHDVXUHPHQW�PXVW�EH�LQFOXGHG�LQ�WKH�HTXDWLRQV�WR�DFKLHYH�KLJKHU�DFFXUDFLHV�IRU�VH[�
estimation.  Also, including all seven vertebrae in the discriminant functions will result in higher accuracies for sex estimation. 
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