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A73 Estimating Sex From the Innominate Utilizing New Measurements

Sarah Baumgarten, BA*, 746 E 29th Street, 2nd Fl, Erie, PA 16504; and Stephen D. Ousley, PhD, Dept of Applied Forensic Sciences, 
Dept of Anthropology, 501 E 38th Street, Erie, PA 16546

After attending this presentation, attendees will understand how the use of newly devised measurements, including maximum and 

minimum measurements of the innominate for sex estimation, can provide extremely high accuracy rates and reduce errors associated 

ZLWK�GLIIHUHQWLDO�LQWHUSUHWDWLRQV�RI�ODQGPDUN�ORFDWLRQV�LQ�WUDGLWLRQDO�PHDVXUHPHQWV��
This presentation will impact the forensic science community by introducing novel measurements that circumvent errors introduced 

E\�GLIIHUHQWLDO�LQWHUSUHWDWLRQV�RI�WUDGLWLRQDO�ODQGPDUN�EDVHG�PHDVXUHPHQWV��UHVXOWLQJ�LQ�DQ�LPSURYHG�UDWH�RI�DFFXUDF\�RI�VH[�HVWLPDWLRQ�
LQ�KXPDQ�LGHQWL¿FDWLRQ��DORQJ�ZLWK�UHGXFWLRQ�RI�LQWUD�REVHUYHU�HUURUV�

7KH� LQQRPLQDWH� LV� FRPPRQO\�YLHZHG�DV� WKH�EHVW� VNHOHWDO� HOHPHQW�XVHG� LQ� WKH�HVWLPDWLRQ�RI� VH[�RI�DQ�XQNQRZQ� LQGLYLGXDO�DQG�
QRQ�PHWULF�PHWKRGV�KDYH�GRPLQDWHG���+RZHYHU��PHWULF�PHWKRGV�FDQ�SURYLGH�D�PRUH�REMHFWLYH�PHDQV�RI�HVWLPDWLRQ���3UHYLRXV�PHWULF�
VWXGLHV�FLWH�DFFXUDF\�UDWHV�LQ�DW�OHDVW�WKH�����UDQJH��WKRXJK�PDQ\�RI�WKHVH�PHWKRGV�XVH�PHDVXUHPHQWV�EDVHG�RQ�ODQGPDUNV�WKDW�DUH�
GLI¿FXOW�WR�¿QG�DQG�QHDUO\�LPSRVVLEOH�WR�UHSOLFDWH��OHDGLQJ�WR�KLJK�LQWHU�REVHUYHU�HUURU�UDWHV���0RVW�UHFHQWO\��0XUDLO�HW�DO��GH¿QHG�D�VHULHV�
RI�PHDVXUHPHQWV�WKURXJK�WH[W�DQG�LPDJHV�DQG�DQDO\]HG�WKHP�XVLQJ�ORJLVWLF�GLVFULPLQDQW�DQDO\VLV�� LQ�D�FRPSXWHU�SURJUDP�NQRZQ�DV�
'LDJQRVH�6H[XHOOH�3UREDELOLVWH��'63��1  Their study showed accuracy rates of at least 95% in diverse samples from around the world, 

DSSDUHQWO\�DYRLGLQJ�ELDV�LQ�VH[�FODVVL¿FDWLRQ�GXH�WR�DQFHVWU\���7KRXJK�WKLV�VWXG\�VHHPV�WR�SURYLGH�KLJKO\�DFFXUDWH�UHVXOWV��WKHLU�'63�
program does not provide the actual logistic regressions used, a necessity in the post-Daubert era. 

,Q�WKLV�VWXG\��PHDVXUHPHQWV�ZLWK�FOHDU�ODQGPDUNV�RU�WKRVH�LQYROYLQJ�D�PD[LPXP�RU�PLQLPXP�ZHUH�XVHG�DV�LV�RU�ZHUH�PRGL¿HG�
IURP�SUHYLRXVO\�SXEOLVKHG�GH¿QLWLRQV��VRPH�RI�ZKLFK�ZHUH�UDWKHU�XQFOHDU���$�VDPSOH�RI�����PDOH�DQG�����IHPDOH�LQQRPLQDWHV�IURP�
:KLWHV�DQG�%ODFNV�LQ�WKH�+DPDQQ�7RGG�&ROOHFWLRQ�ZHUH�XVHG�IRU�WKLV�VWXG\���7KH�LQGLYLGXDOV�XVHG�ZHUH�RI�NQRZQ�DJH��UDQJLQJ�IURP�
���WR����\HDUV�ROG��ZLWK�NQRZQ�VH[�DQG�DQFHVWU\���2QO\�LQQRPLQDWHV�IURP�WKH�OHIW�VLGH�ZHUH�XVHG�IRU�FRQVLVWHQF\���2Q�HDFK�LQQRPLQDWH��
���PHDVXUHPHQWV�ZHUH�WDNHQ�ZLWK�D�GLJLWDO�VOLGLQJ�FDOLSHU�FRQQHFWHG�GLUHFWO\�WR�D�FRPSXWHU�WR�UHFRUG�WKH�PHDVXUHPHQWV�HI¿FLHQWO\�DQG�
UHGXFH�GDWD�LQSXW�HUURUV���7KH�GDWD�ZHUH�DQDO\]HG�XVLQJ�)25',6&® 3.1 discriminant function analysis, using both stepwise and non-

stepwise functions.  All reported error rates were cross-validated.

8VLQJ�VWHSZLVH�GLVFULPLQDQW�IXQFWLRQ�DQDO\VLV��D�FRPELQDWLRQ�RI�¿YH�YDULDEOHV�ZHUH�VKRZQ�WR�SURYLGH�FODVVL¿FDWLRQ�DFFXUDFLHV�RI�
����LQ�PDOHV�DQG�����LQ�IHPDOHV��IRU�D�SRROHG�VH[�DFFXUDF\�RI���������7KH�¿YH�PHDVXUHPHQWV�VHOHFWHG�E\�WKH�VWHSZLVH�GLVFULPLQDQW�
function analysis included minimum apex to symphysion, maximum innominate length, maximum ischial length, maximum innominate 

breadth, and maximum pubic length.  These measurements are effectively able to capture dimorphism in the innominate, with the 

PHDVXUHPHQW�RI�PLQLPXP�DSH[�WR�V\PSK\VLRQ��ZKLFK�FDSWXUHV�WUXH�SHOYLF�PRUSKRORJ\��PD[LPXP�LQQRPLQDWH�OHQJWK�DQG�PD[LPXP�
LQQRPLQDWH�EUHDGWK��ZKLFK�FDSWXUH�LQIRUPDWLRQ�RQ�WKH�UDWLR�RI�KHLJKW�WR�ZLGWK��DQG�PD[LPDO�LVFKLDO�OHQJWK�DQG�PD[LPXP�SXELF�OHQJWK��
ZKLFK� FDSWXUH� WKH� UDWLR�RI�SXELV� WR� LVFKLXP�� �6RPH� ORJLVWLF� UHJUHVVLRQ� DQG�RWKHU� FODVVL¿FDWLRQ�PHWKRGV�SURGXFHG� VLPLODU�RU�KLJKHU�
FODVVL¿FDWLRQ�DFFXUDFLHV�ZLWK�OLWWOH�VLJQ�RI�FODVVL¿FDWLRQ�ELDV�IRU�VH[�E\�DQFHVWU\���)RUW\�LQGLYLGXDOV�ZHUH�PHDVXUHG�D�VHFRQG�WLPH�WR�
FDOFXODWH�WKH�WHFKQLFDO�HUURU�RI�PHDVXUHPHQW�DQG�FRHI¿FLHQW�RI�UHOLDELOLW\�IRU�HDFK�PHDVXUHPHQW���7KH�WHFKQLFDO�HUURU�RI�PHDVXUHPHQW�
showed differences between rounds of measurements to be less than 2mm, a mean of less than 3.5% for all measurements, signifying 

ORZ�LQWUD�REVHUYHU�HUURU�UDWHV���$GGLWLRQDOO\��IRU�DOO�EXW�WZR�RI�WKH�PHDVXUHPHQWV��WKH�FRHI¿FLHQW�RI�UHOLDELOLW\�YDOXHV�ZHUH�JUHDWHU�WKDQ�
or equal to 0.96, indicating an extremely high level of intra-observer consistency for those measurements. 

The high levels of intra-observer agreement between rounds of measurements reveal the value of measurements with clear, 

XQDPELJXRXV�ODQGPDUNV��RU�WKRVH�WKDW�LQYROYH�PD[LPD�DQG�PLQLPD���7KLV�DSSURDFK�SURYHV�WKDW�FXUUHQW�PHWKRGV�FDQ�EH�IXUWKHU�LPSURYHG�
XSRQ�WR�UHGXFH�PHDVXUHPHQW�HUURUV�DQG�LQFUHDVH�FODVVL¿FDWLRQ�DFFXUDF\��
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