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A96 Fracture Characteristics of Fresh Human Femora Under Controlled Three-Point 
Bending

Mariyam I. Isa, BS*, Michigan State University, Dept of Anthropology, 354 Baker Hall, East Lansing, MI 48824; Todd W. Fenton, PhD, 
Michigan State University, Dept of Anthropology, 354 Baker Hall, East Lansing, MI 48824; Trevor S. DeLand, BS, E Fee Hall, East 
Lansing, MI 48824; and Roger C. Haut, PhD, Michigan State University, Orthopaedic Biomechanics, A407 E Fee Hall, East Lansing, 
MI 48824

After attending this presentation, attendees will better understand the relationship between controlled, experimental loads and 
fracture outcomes in long bone bending tests on fresh human femora. 

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�FRQWULEXWLQJ�JURXQG�WUXWK�GDWD�OLQNLQJ�D�VSHFL¿F��FRQVLVWHQW�VHW�RI�
loading conditions under three-point bending with bone behavior and fracture morphology.

&XUUHQW�OLWHUDWXUH�DVVRFLDWHV�ORQJ�ERQH�EHQGLQJ�IDLOXUH�ZLWK�WHQVLRQ�ZHGJH�IUDFWXUHV��LQ�ZKLFK�D�WUDQVYHUVH�FUDFN�LQLWLDWHV�DW�WKH�
WHQVLOH�VXUIDFH�RI�D�EHQW�ERQH�DQG�EUDQFKHV�DV�LW�SURSDJDWHV�WRZDUG�WKH�LPSDFWHG�VXUIDFH�RI�WKH�ERQH��KRZHYHU��QXPHURXV�H[SHULPHQWDO�
studies of long bone bending have reported variability in gross fracture outcomes.  Wedge fragments have not always been presented 
DQG� LQ�VRPH�FDVHV� UHVHDUFKHUV�KDYH� UHSRUWHG�FRPSUHVVLRQ�ZHGJHV�ZLWK� WKH� WUDQVYHUVH�FUDFN�RQ� WKH� LPSDFWHG�VXUIDFH�RI� WKH�ERQH�1-3  
0DUWHQV�UHSRUWHG�D�KLJK�IUHTXHQF\�RI�FRPSUHVVLRQ�ZHGJHV�XQGHU�D�IRXU�SRLQW�EHQGLQJ�FRQ¿JXUDWLRQ�DQG�.UHVV�UHSRUWHG�VRPH�FDVHV�RI�
compression wedges under uncontrolled loading situations.1,2

Fenton et al. performed controlled three-point bending experiments on dry human femora and consistently documented incomplete 
tension wedge-type fractures.4  Within this set of experimental impacts, the orientation of the incomplete wedge could be used to reliably 
determine the direction of the applied load.

7KH�REMHFWLYHV�RI�WKH�SUHVHQW�VWXG\�ZHUH�WR�������H[HFXWH�FRQWUROOHG�WKUHH�SRLQW�EHQGLQJ�WHVWV�RI�D[LDO�ORDGHG��IUHVK�KXPDQ�IHPRUD��
����GHVFULEH�WKH�PHFKDQLFDO�EHKDYLRU�RI�WKH�VSHFLPHQV��DQG������LGHQWLI\�IUDFWXUH�RXWFRPHV��LQFOXGLQJ�FKDUDFWHULVWLFV�RI�WKH�FRPSOHWH�DQG�
incomplete fractures and gross fracture surfaces. 

6L[�SDLUV�RI�XQHPEDOPHG�KXPDQ� IHPRUD�ZHUH�PRXQWHG� LQWR�D� WKUHH�SRLQW�EHQGLQJ�¿[WXUH� LQ�D� VHUYRK\GUDXOLF�PDWHULDOV� WHVWLQJ�
PDFKLQH���6WDWLF�D[LDO�ORDGV�VLPXODWLQJ�VWDQGLQJ�SRVWXUH�ZHUH�DSSOLHG�ZLWK�D�VSULQJ�PRXQWHG�¿[WXUH���)DLOXUH�ZDV�DFKLHYHG�YLD�FRQWUROOHG�
displacement of a steel anvil at midshaft, inducing three-point bending.  Right femora were loaded on the posterior surface and left 
femora were loaded anteriorly.  Following each failure experiment, specimens were grossly examined for complete and incomplete 
fractures and fracture surface morphology. 

These controlled bending tests demonstrated variability in mechanical behavior between human subjects.  Failure load ranged from 
����WR����N1���7KH�GLVSODFHPHQW�RI�WKH�ERQH�WR�IDLOXUH�UDQJHG�IURP�����WR�����PP�DQG�WKH�HQHUJ\�WR�IDLOXUH�UDQJHG�IURP������WR�����-��
KRZHYHU��WKHUH�ZHUH�QR�VLJQL¿FDQW�GLIIHUHQFHV�LQ�IDLOXUH�ORDG��GLVSODFHPHQW��RU�HQHUJ\�EHWZHHQ�WKH�SDLUHG�DQWHULRU�DQG�SRVWHULRU�ORDGHG�
specimens.  The variation in mechanical behavior did not appear to affect the consistency of fracture characteristics.

7KH�FRQWUROOHG�EHQGLQJ�WHVWV�SURGXFHG�FRQVLVWHQW�IUDFWXUH�RXWFRPHV�DFURVV�VSHFLPHQV���,Q�HDFK�FDVH��D�VKRUW�WUDQVYHUVH�FUDFN�ZDV�
LQLWLDWHG�RQ�WKH�WHQVLOH�VXUIDFH�RI�WKH�ERQH���7KXV��WKH�FUDFN�RFFXUUHG�RQ�WKH�DQWHULRU�VXUIDFH�LQ�DOO�SRVWHULRUO\�ORDGHG�IHPRUD�DQG�RQ�WKH�
posterior surface in all anteriorly loaded femora.  Upon gross examination, the transverse fracture surface was consistently mottled and 
ELOORZ\���&RPSOHWH�DQG�LQFRPSOHWH�IUDFWXUHV�EUDQFKHG�RII�WKH�WUDQVYHUVH�FUDFN�DQG�DQJOHG�WRZDUG�WKH�FRPSUHVVHG�VXUIDFH�RI�WKH�ERQH��
producing an incomplete tension wedge.  In each case, the branch point occurred on the tensile side of the neutral axis.  After the branch 
point, the fracture surface appeared jagged and sharp.  No complete wedges presented.  Complete fractures were either primarily oblique 
(42%) or transverse (58%).  All specimens exhibited at least one incomplete fracture that curved from the branch point to parallel with 
the bone’s long axis. 

This study demonstrated that bone failure occurred in a predictable manner under controlled, experimental loading conditions.  
Three-point bending with axial compression produced consistent fracture characteristics, although the mechanical behavior was variable 
EHWZHHQ�KXPDQ�VXEMHFWV���)RU�HDFK�VSHFLPHQ��WKH�VSHFL¿F�RULHQWDWLRQ�RI�IUDFWXUH�UHOLDEO\�UHÀHFWHG�WKH�GLUHFWLRQ�RI�WKH�DSSOLHG�ORDG��
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7KLV�ZRUN�LV�LQ�UHVSRQVH�WR�WKH�6FLHQWL¿F�:RUNLQJ�*URXS�IRU�)RUHQVLF�$QWKURSRORJ\��6:*$17+��*DS�$QDO\VLV�5HSRUW��ZKLFK�FDOOV�
IRU�FROODERUDWLYH�ZRUN�ZLWK�ELRPHFKDQLVWV�WR�LPSURYH�FXUUHQW�PHWKRGV�LQ�WUDXPD�DQDO\VLV���7R�WKLV�HQG��WKH�0LFKLJDQ�6WDWH�8QLYHUVLW\�
Forensic Anthropology and Orthopedic Biomechanics Laboratories are pursuing a joint research initiative investigating the effects of 

VSHFL¿F��H[SHULPHQWDOO\�FRQWUROOHG�ORDGLQJ�FRQGLWLRQV�RQ�IUDFWXUH�RXWFRPH��WKLV�SUHVHQWDWLRQ�FRPPXQLFDWHV�WKH�ODWHVW�ZRUN�RQ�WKUHH�
SRLQW�EHQGLQJ�RI�KXPDQ�IHPRUD���7KH�GDWD�FRQWULEXWHG�KHUH�ZLOO�KHOS�H[SHUWV�GHWHUPLQH�WKH�VSHFL¿F�ORDGLQJ�FRQGLWLRQV�WKDW�OHDG�WR�D�
VSHFL¿F�VHW�RI�ORQJ�ERQH�IUDFWXUH�FKDUDFWHULVWLFV��
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