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H42 Evaluation of Rib Fracture Injury Modes and Biomechanics in Abused Infants

Steven A. Symes, PhD*, Mercyhurst College, Mercyhurst Archaeological Institute, 501 E 38th, Erie, PA 16546; Ericka N. L’Abbe, PhD, 
PO Box 5023, Pretoria 0001, SOUTH AFRICA; and Erin Chapman, MS, 501 Kensington Avenue, Buffalo, NY 14214

After attending this presentation, attendees will understand the biomechanical principles underlying fracture patterns in the infant 

rib cage.  Non-accidental rib fractures in children have been studied for decades, but the forensic application and interpretation of bone 

LQMXULHV�LV�XQFOHDU�GXH�WR�YDULDWLRQ�LQ�������UHVHDUFK�PHWKRGRORJ\��DQG������IUDFWXUH�YLVXDOL]DWLRQ�WHFKQLTXHV�LQ�WKH�UDGLRJUDSKLF��PHGLFDO��
and anthropological literature.

7KLV�SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�FRQWULEXWLQJ�WR�WKH�NQRZOHGJH�RI� WKH�ELRPHFKDQLFV��PRGHV�RI�
IDLOXUH��DQG�WKH�SDWWHUQV�RI�LQMXU\�LQ�WKH�LQIDQW�ULE�FDJH��DQG�WKH�SRWHQWLDO�IRU�WKH�DSSOLFDWLRQ�RI�WKLV�NQRZOHGJH�LQ�WKH�GLDJQRVLV�RI�ULE�
IUDFWXUHV�LQ�FDVHV�RI�FKLOG�DEXVH���5LE�IUDFWXUHV�LQ�LQIDQWV�DUH�RIWHQ�GLI¿FXOW�WR�GHWHFW�WKURXJK�UDGLRJUDSKLF�LPDJHV��VR�LQFUHDVHG�IRUHQVLF�
DQWKURSRORJLFDO�NQRZOHGJH�RQ�WKH�VXEMHFW�FDQ�KHOS�DQWLFLSDWH�1RQ�$FFLGHQWDO�7UDXPD��1$7��

Rib fractures are pathognomonic for abuse in young children.1��9LROHQW�VTXHH]LQJ��VKDNLQJ��SXQFKLQJ��RU�FRPELQDWLRQV�RI�DVVDXOWV�
are reported to predictably create failures in the posterior, anterior, and lateral arcs of the rib cage.  Often, anterior-posterior compression 

is offered as an explanation of fractures to the rib heads and costotransverse processes as well as the anterior costochondral areas of 

LQIDQW�FKHVWV��KRZHYHU��ODWHUDO�IUDFWXUH�SURGXFWLRQ�LQ�WKH�FKHVW�UHPDLQV�XQFOHDU�LQ�WKH�OLWHUDWXUH�2��0DQ\�UHVHDUFKHUV�LQFOXGH�ODWHUDO�DUF�
IUDFWXUHV�DV�SDUW�RI�WKH�VDPH�DQWHULRU�SRVWHULRU�EHQGLQJ�IDLOXUH�DVVRFLDWHG�ZLWK�VKDNLQJ�DQG�FRPSUHVVLYH�LQMXULHV�

To address this discrepancy in the literature, fracture patterns were observed in ten NAT infant rib fractures.  Rib fractures were 

UHFRJQL]HG�DW�DXWRSV\��UHPRYHG��DQG�H[DPLQHG�LQ�D�GU\�VWDWH�ZLWK�D�VWHUHRPLFURVFRSH���%RQH�IDLOXUHV�ZHUH�DVVHVVHG�LQ�WHUPV�RI�WHQVLRQ�
and compression. 

3RVWHULRU�DQG�DQWHULRU�DUF�IUDFWXUHV�DUH�E\�IDU�WKH�PRVW�REVHUYHG��ODWHUDO�DUF�IUDFWXUHV�ZHUH�UDUH��GHVSLWH�WKHLU�FRPPRQ�PHQWLRQ�LQ�
WKH�OLWHUDWXUH���7HQVLRQ�IDLOXUH�LQ�WKH�ULE�KHDGV�RFFXU�DQWHULRUO\�DV�WKH�ULE�QHFN�LV�OHYHUHG�RYHU�WKH�WUDQVYHUVH�SURFHVV��IDLOXUH�¿UVW�RFFXUV�
LQ�WKH�DUHD�ZKHUH�WKH�ULE�KHDG�LV�WKLQ�\HW�¿UPO\�DWWDFKHG�WR�WKH�YHUWHEUD�ERG\���7KH�VDPH�EHQGLQJ�PRWLRQ�PD\�DOVR�FUHDWH�IUDFWXUHV�LQ�WKH�
DUHD�RI�WKH�WUDQVYHUVH�SURFHVV�DUWLFXODWLRQ���7KH�ODWWHU�IUDFWXUHV�UHDFW�OLNH�EHQGLQJ�ORQJ�ERQHV�GLDSK\VHV��ZKHUH�ERQH�LV�KLJKO\�UHVLVWDQW�
LQ�FRPSUHVVLRQ�GXH�WR�WKLFNHQHG�FRUWLFDO�ERQH��VR�IDLOXUH�RFFXUV�LQLWLDOO\�LQ�WHQVLRQ�RQ�WKH�LQWHUQDO�ULE�VXUIDFH�

Anterior rib fractures are a dissimilar reaction of the chest to posterior rib fractures.  The cortical bone of the front rib is thin and 

WUDEHFXODU�ERQH� LV�SURPLQHQW�� �7KH� VWUXFWXUH� LV� VLPLODU� WR�ERQH�PHWDSK\VHV�DQG�HSLSK\VHV��ZKHUH�ERQH� LV�ZHDN� LQ�FRPSUHVVLRQ�EXW�
FDSDEOH�RI�UHSHDWHG�WUDXPD���%XFNOH�IUDFWXUHV�RFFXU�LQ�IURQW�ULE�VKDIWV�DQG�GDPDJHV�WR�FRVWRFKRQGUDO�MXQFWLRQV�DUH�PRVW�RIWHQ�REVHUYHG�
LQ�FLUFXPVWDQFHV�RI�DQWHULRU�SRVWHULRU�FRPSUHVVLRQ�ZKHUH�ÀH[LEOH�ERQH�IDLOV�LQLWLDOO\�LQ�FRPSUHVVLRQ��

7KH�FRPPRQO\�GHVFULEHG� ODWHUDO� DUF� IDLOXUH� VFHQDULR�ZRXOG� VXJJHVW� IDLOXUH�ZLWK�FRPSUHVVLRQ� LQWHUQDOO\�DQG� WHQVLRQ�H[WHUQDOO\��
however, if midshaft rib failures are more commonly associated with direct impacts, the biomechanics of failure should demonstrate the 

opposite direction of bending (i.e., an impact to lateral ribs would initially fail internally in tension).  This lateral scenario appears to be 

D�OLNHO\�FRQVHTXHQFH�LQ�WKH�QRQ�DFFLGHQWDO�ERQH�LQMXU\�FDVHV�REVHUYHG�
7KH�UHFRJQLWLRQ�RI�WHQVLRQ�FRPSUHVVLRQ�ERQH�IDLOXUH�FRQ¿UPV�WKH�PRGH�RI�ERQH�EHQGLQJ�DQG�JRHV�EH\RQG�VSDWLDO�UHFRJQLWLRQ�DQG�

VWHUHRW\SLF�H[SODQDWLRQV�IRU�ULE�IUDFWXUHV���$VVHVVLQJ�VNHOHWDO�LQMXULHV�IURP�D�ELRPHFKDQLFDO�SHUVSHFWLYH�UHYHDOV�VSHFL¿F�UHODWLRQVKLSV�
RI�ERQH�LQMXULHV�DQG�FRQFHLYDEO\�IDFLOLWDWHV�WKH�HYROXWLRQ�RI�ERQH�WUDXPD�LQWHUSUHWDWLRQ�DV�D�VFLHQWL¿F�GLVFLSOLQH���7KHUHIRUH��IUHVK�DQG�
KHDOLQJ�IUDFWXUHV�PD\�UHYHDO�DGGLWLRQDO�LQIRUPDWLRQ�FRQFHUQLQJ�VNHOHWDO�HOHPHQW�IDLOXUH���,Q�WKH�FXUUHQW�VWXG\��ODWHUDO�ULE�IUDFWXUHV�DSSHDU�
WR�EH�UDUH�DQG�QRW�D�UHVXOW�RI�DQWHULRU�SRVWHULRU�VTXHH]LQJ�
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