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$��� $Q�$QDO\VLV�RI�%XWWHUÀ\�)UDFWXUH�3URSDJDWLRQ
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Eng, 5151 State University Drive, Los Angeles, CA 90032; and Elizabeth A. Miller, PhD, CSULA, Dept of Anthropology, 5151 State 
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After attending this presentation, attendees will have a clear understanding of the initial fracture mechanism and subsequent fracture 

SURSDJDWLRQ�RI�EXWWHUÀ\�IUDFWXUHV��D�N�D��ZHGJH�IUDFWXUHV��� �7KLV�SUHVHQWDWLRQ�ZLOO�FODULI\�KRZ�EXWWHUÀ\�IUDFWXUHV�IRUP�DQG�ZKHUH�� LQ�
regard to the applied loading force, this fracture pattern initiates in moderate- to high-speed blunt impacts.  Attendees will gain a greater 

XQGHUVWDQGLQJ�RI�WKH�IXQGDPHQWDO�IDLOXUH�PHFKDQLVPV�DVVRFLDWHG�ZLWK�EXWWHUÀ\�IUDFWXUH�SDWWHUQV���$WWHQGHHV�ZLOO�DOVR�JDLQ�NQRZOHGJH�RQ�
the potential use of biomechanical bone surrogates in forensic anthropological studies of blunt force trauma.

7KLV� SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH� IRUHQVLF� VFLHQFH� FRPPXQLW\� E\�SURYLGLQJ� FODUL¿FDWLRQ�RQ�KRZ�EXWWHUÀ\� IUDFWXUH� SDWWHUQV� DUH�
formed using an interdisciplinary approach.  Combining biomechanics and forensic anthropology, this study conducted dynamic three-

SRLQW�EHQGLQJ�WHVWV�RQ�VXUURJDWH�WLELDV�WR�GHWHUPLQH�ZKHWKHU�EXWWHUÀ\�IUDFWXUH�SDWWHUQV�LQLWLDWH�LQ�WHQVLRQ�RU�FRPSUHVVLRQ���7KH�UHVXOWV�
of the tests and analyses allowed conclusions regarding the initial fracture mechanism and the subsequent fracture propagation.  This 

information can assist pathologists and forensic anthropologists in determining the direction of force when trauma has resulted in the 

IRUPDWLRQ�RI�D�EXWWHUÀ\�IUDFWXUH�SDWWHUQ�
Purpose:  This research addresses the issue of applied loading direction, initial fracture mechanism, and subsequent fracture 

SURSDJDWLRQ�RI�EXWWHUÀ\�IUDFWXUHV���7KH�SXUSRVH�RI�WKLV�UHVHDUFK�LV�WR�LGHQWLI\�DQG�DQDO\]H�WKH�SURSDJDWLRQ�RI�EXWWHUÀ\�IUDFWXUHV�LQ�ORZHU�
limbs initiated through blunt force trauma.  The scope of this research is limited to ten surrogate tibias. 

0DWHULDOV�DQG�0HWKRGV:  Sawbones®�FRPSRVLWH�WLELDV�ZHUH�XWLOL]HG�IRU�WKLV�VWXG\���7KHVH�PRGHOV�KDYH�SUHYLRXVO\�EHHQ�VKRZQ�WR�
display similar biomechanical properties (stiffness, fracture toughness, and ultimate strength) as real human tibial bone.  All Sawbones® 

WLELDV�ZHUH�PHGLXP�VL]HG�OHIW�IRXUWK�JHQHUDWLRQ��ZKLFK�KDYH�D�IRDP�FRUH���PP�FDQDO��DQG�DQ�RYHUDOO� OHQJWK�RI�����FP���7HVWV�ZHUH�
FRQGXFWHG�XVLQJ�D�G\QDPLF�WKUHH�SRLQW�EHQGLQJ�LPSDFWRU�GHVLJQHG�WR�VLPXODWH�EOXQW�IRUFH�WUDXPD�DSSOLHG�LQ�D�/DWHUDO�0HGLDO��/�0��
GLUHFWLRQ�WR�WKH�VXUURJDWH�WLELDV���7KH�DSSOLHG�ORDGLQJ�GLUHFWLRQ�RI�/�0�ZDV�FKRVHQ�WR�VLPXODWH�D�SHGHVWULDQ�YV��YHKLFOH�DFFLGHQW��ZKLFK�
LV�D�FRPPRQ�VRXUFH�RI�EXWWHUÀ\�IUDFWXUHV���(DFK�WHVW�SHUIRUPHG�ZDV�GRFXPHQWHG�XVLQJ�D�KLJK�VSHHG�YLGHR�FDPHUD�DW�������IUDPHV�SHU�
VHFRQG���0RWLRQ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�D�PDUNHU�DI¿[HG�WR�WKH�LPSDFWRU�WR�GHWHUPLQH�G\QDPLF�GHIRUPDWLRQ�RI�HDFK�VSHFLPHQ���
9LGHR�ZDV�DOVR�DQDO\]HG�WR�GHWHUPLQH�ZKHUH�WKH�IUDFWXUH�LQLWLDWHG�DQG�WKH�SDWK�RI�IUDFWXUH�SURSDJDWLRQ���$�WULD[LDO�DFFHOHURPHWHU�DUUD\�
ZDV�DI¿[HG�WR�WKH�LPSDFWRU�IRU�GHWHUPLQLQJ�LPSDFW�IRUFH�XVLQJ�1HZWRQ¶V��QG�ODZ���$FFHOHURPHWHU�GDWD�ZHUH�FROOHFWHG�DW��������+]�DQG�
¿OWHUHG�XVLQJ�&KDQQHO�)UHTXHQF\�&ODVV��&)&���������$�SKRWRJDWH�ZDV�XVHG�WR�PHDVXUH�LPSDFWRU�YHORFLW\�MXVW�SULRU�WR�LPSDFW�ZLWK�WKH�
WLELD���3KRWRJUDSKV�DQG�PHDVXUHPHQWV�ZHUH�WDNHQ�EHIRUH�DQG�DIWHU�HDFK�WHVW�WR�GRFXPHQW�UHVXOWLQJ�WUDXPD��

Results and Conclusions:  All specimens tested resulted in complete fractures.  All fractures initiated on the convex side of the 

bending bone and were the result of tensile failure of the material.  The fracture(s) then propagated toward the concave side of the 

bending bone on an angle of approximately 45 degrees from the long axis of the bone.  This angled fracture pattern is consistent with 

shear failure of the material within an area of the bone experiencing high compressive stress.  Completion of the propagation resulted in 

WKH�FODVVLF�³ZLQJ�VKDSH´�VHHQ�LQ�EXWWHUÀ\�IUDFWXUH�SDWWHUQV���7KH�FXUUHQW�VWXG\�LV�LQ�DJUHHPHQW�ZLWK�SULRU�ELRPHFKDQLFDO�VWXGLHV��ZKLFK�
demonstrate the initial bony failure occurs as a result of high tensile stress in the material followed by shear failure on the compressive 

VLGH�RI�WKH�EHQGLQJ�ERQH���&RQWUDU\�WR�VRPH�SUHYLRXV�VWXGLHV��QRQH�RI�WKH�EXWWHUÀ\�IUDFWXUHV�LQ�WKLV�VWXG\�LQLWLDWHG�RQ�WKH�FRPSUHVVLYH�
side of the bending bone and no compressive wedge fracture patterns were observed.

)UDFWXUH�3URSDJDWLRQ��%XWWHUÀ\�)UDFWXUHV��&RPSRVLWH�%RQHV


