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A99 A Forensic Pathology Tool to Predict Pediatric Skull Fracture Patterns:  Part V 
— Controlled Head Drops Onto Shaped Impact Surfaces

Caitlin C.M. Vogelsberg, MS*, Michigan State University, Dept of Anthropology, 354 Baker Hall, East Lansing, MI 48824; Patrick E. 
Vaughan, BS, Michigan State University, Orthopaedic Biomechanics Laboratories, E Fee Hall, Rm 407, East Lansing, MI 48824; Todd 
W. Fenton, PhD, Michigan State University, Dept of Anthropology, 354 Baker 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 effects of various shaped impacters on both the biomechanics 
and pattern of cranial fracturing generated during controlled head-drop experiments using a developing porcine model.

This presentation will impact the forensic science community by providing baseline data regarding some of the effects of cranial 
LPSDFWV�DJDLQVW�YDULRXV�VKDSHG�VXUIDFHV�DQG�FRPSDULVRQV�WR�LPSDFWV�DJDLQVW�ÀDW�VXUIDFHV�SUHVHQWHG�LQ�SUHYLRXV�VWXGLHV�

0RVW�FXUUHQW�OLWHUDWXUH�RQ�WKH�DQDO\VLV�RI�EOXQW�IRUFH�WUDXPD�WR�WKH�FUDQLXP�FLWHV�*XUGMLDQ�HW�DO�¶V�ZRUNV�RQ�IUDFWXULQJ�PHFKDQLFV���
$OWKRXJK�WKHLU�H[SHULPHQWDO�ZRUN�IRFXVHG�RQ�ÀDW�VXUIDFH�KHDG�GURSV��WKH\�QRWHG�WKDW�VXFK�YDULDEOHV�DV�WKH�VL]H��VKDSH��DQG�HQHUJ\�RI�
WKH�LPSDFWLQJ�REMHFW�KDYH�DQ�HIIHFW�RQ�IUDFWXULQJ���7KH\�DOVR�VWDWHG�WKDW�³D�VORZO\�PRYLQJ�REMHFW��IDLUO\�VKDUS�RU�SRLQWHG�LQ�FRQWRXU��
PD\�FDXVH�DQ�DUHD�RI�GHSUHVVLRQ�PRUH�RU�OHVV�SDWWHUQHG�DIWHU�WKH�VKDSH�RI�WKH�REMHFW�´�KRZHYHU��IDWDO�LQMXULHV�GR�QRW�DOZD\V�UHVXOW�LQ�
FKDUDFWHULVWLF�ZRXQGV�DQG�V\VWHPDWLF�VWXGLHV�UHJDUGLQJ�WKH�PRUSKRORJ\�DQG�PHFKDQLFV�RI�LQMXULHV�UHVXOWLQJ�IURP�QRQ�ÀDW�VXUIDFH�LPSDFWV�
are limited.1  Thus, there is currently little more than conjecture and anecdotal data regarding the assessment of cranial fractures resulting 
from impacts with shaped objects.  The current study was conducted to understand some of the basic biomechanical mechanisms and 
cranial fracture patterns from shaped surface impacts using a porcine model.

The hypotheses of the study were:  (1) heads dropped against surfaces with a large contact area would have fractures that mimic 
ÀDW�VXUIDFH�H[SHULPHQWV�ZLWK�SHULSKHUDOO\�LQLWLDWHG�OLQHDU�IUDFWXUHV������DV�WKH�FRQWDFW�DUHD�GHFUHDVHG��GHSUHVVHG�IUDFWXULQJ�ZRXOG�RFFXU��
����DW�VRPH�LQWHUPHGLDWH�FRQWDFW�VL]H�DQG�VKDSH��WKHUH�ZRXOG�EH�D�FRPELQDWLRQ�RI�GHSUHVVHG�DQG�OLQHDU�IUDFWXUHV��DQG������WKH�HQHUJ\�DQG�
resulting contact force necessary to cause fracture initiation would decrease with the area of the impacting interface.

To document the cranial fracture biomechanics and fracture patterns for various shaped interfaces, heads from pigs between one and 
���GD\V�ROG��Q ����ZHUH�GURSSHG�XQGHU�FRQWUROOHG�FRQGLWLRQV�RQWR����ULJLG��VKDSHG�LPSDFW�VXUIDFHV�2  Four impacters which simulated 
VXFK�REMHFWV�DV�D�WDEOH�FRUQHU��KDPPHU��HWF��ZHUH�FKRVHQ�IRU�FORVHU�DQDO\VLV���%LRPHFKDQLFDO�GDWD�ZHUH�FROOHFWHG�GXULQJ�HDFK�H[SHULPHQW��
thereafter, the heads were visually inspected for fractures, photographed, and the fracture patterns were diagrammed using previously 
described methods.2

7KH�IRXU�LPSDFWHUV�ZHUH��������´�KHPLVSKHUH��Q ������������´�HGJH��Q ��������5/8´�EDOO�EHDULQJ��Q ����DQG������ó´�ÀDWWRS�SHJ��Q �����
3HULSKHUDO�OLQHDU�IUDFWXUHV�ZHUH�SUHVHQW�RQ�����RI�WKH�VSHFLPHQV�DQDO\]HG�����������7KH��´�KHPLVSKHUH�PRVW�UHVHPEOHG�UHVXOWV�VHHQ�
LQ�HDUOLHU�ÀDW�VXUIDFH�VWXGLHV�DQG�VHHPV�WR�UHSUHVHQW�WKH�WUDQVLWLRQ�EHWZHHQ�ÀDW�DQG�IRFDOL]HG�VXUIDFHV�DV�¿YH�VSHFLPHQV�H[SUHVVHG�ERWK�
peripheral linear and area of impact fractures.  As predicted, as the contact area decreased, the presence of depressed fractures increased.  
'HSUHVVHG�IUDFWXUHV�¿UVW�DSSHDUHG�ZLWK�WKH�5/8´�EDOO�EHDULQJ�DQG�WKH�LPSDFWHU�VKDSH�DOVR�VWDUWHG�WR�EHFRPH�GLVFHUQLEOH���7KH�����´�HGJH�
JHQHUDWHG�OLQHDU�IUDFWXUHV�WKDW�H[WHQGHG�DORQJ�WKH�LPSDFWHU¶V�FRQWDFW�VXUIDFH�DQG�FDXVHG�FUHDVLQJ�RI�WKH�ERQH���7KH�ó´�SHJ�SURGXFHG�
punctures through the bone and had the highest frequency of depressed fractures at 88% (7/8). 

7KH�SHDN�IRUFHV�JHQHUDWHG�DW�IUDFWXUH�IRU�WKH�IRXU�LPSDFWHUV�ZHUH�����������´�HGJH��������1�������´�KHPLVSKHUH��������1���������´�
EDOO�EHDULQJ�������1��DQG������ó´�SHJ�������1���7KRVH�LQ�WKH�ÀDW�VXUIDFH�VWXGLHV�ZHUH��������1���7KHVH�GDWD�LQGLFDWH�WKDW�WKH�SHDN�
IRUFH�FDXVLQJ�FUDQLDO�IUDFWXUH�GHFUHDVHG�ZLWK�FRQWDFW�DUHD�DQG�LQWHUIDFH�VKDSH���,PSRUWDQWO\��WKH�NLQHWLF�HQHUJ\�QHHGHG�WR�FDXVH�IUDFWXUH�
followed a similar pattern.

This study using the infant porcine model demonstrated that impact surface shape had an effect on fracture type and pattern.  
$GGLWLRQDOO\��LW�VKRZV�WKH�HQHUJ\�DQG�IRUFHV�FDXVLQJ�FUDQLDO�IUDFWXUH�GHFUHDVH�VLJQL¿FDQWO\�IRU�LPSDFWV�DJDLQVW�VKDSHG�VXUIDFHV�ZKLFK�
reduce area of contact.  Such basic biomechanical data may have direct relevance to human pediatric victims as forensic scientists 
DWWHPSW�WR�RSLQH�LQMXU\�FDXVDWLRQ�LQ�FDVHV�QRW�LQYROYLQJ�ÀDW�LPSDFW�VXUIDFH�FRQGLWLRQV��

7KLV�SURMHFW�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�-XVWLFH��2I¿FH�RI�-XVWLFH�3URJUDPV��8QLWHG�6WDWHV�'HSDUWPHQW�RI�-XVWLFH���
7KH�RSLQLRQV��¿QGLQJV��DQG�FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�SUHVHQWDWLRQ�DUH�WKRVH�RI�WKLV�VWXG\�DQG�GR�QRW�QHFHVVDULO\�
UHÀHFW�WKH�YLHZV�RI�WKH�'HSDUWPHQW�RI�-XVWLFH�
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