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D8 Low-Energy Bone Fractures:  Part III

David Pienkowski, PhD*, University of Kentucky, AB Chandler Hospital, Rm MN 564, Lexington, KY 40536-0298; and Hartmut 
Malluche, MD, University of Kentucky, Chandler Medical Center, 800 Rose Street, Lexington, KY 40536

The goals of this presentation are to raise attendees’ awareness of bone microdamage, illustrate how above-normal levels of bone 

PLFURGDPDJH�DUH� OLQNHG� WR�DOWHUHG� ORDG�EHDULQJ�PHFKDQLFDO�FRPSHWHQFH��DQG� WKHUHE\�KHOS� WKH� IRUHQVLF� LQYHVWLJDWRU�XQGHUVWDQG�KRZ�
excess levels of microdamage may partially explain low-energy bone fractures.

This presentation will impact the forensic science community by providing a partial explanation for seeming incongruities among 

low-energy events, reconstruction-derived traumatic event energy (or force) amplitudes, and bone fractures.  Bone fractures accompanying 

low-energy trauma are perplexing to the forensic investigator.  Ostensible disparities between the energy (or force) amplitude of the 

traumatic event and the level of injury can often lead to uncertainty regarding the facts of the event or the validity of the reconstruction.

Application of service loads to engineering structures creates stresses in the constituent materials.  These stresses generate material 

defects which, if accumulated, result in reduced structural stiffness, diminished load-bearing capacity, and may eventually lead to 

catastrophic failure. 

Bone is unique among engineering structures because of its capacity for self-repair of defects caused by physiologic loading.  

7KHVH� GHIHFWV� DUH� NQRZQ� DV� ³PLFURGDPDJH´� DQG� FRQVLVW� RI� REVHUYDEOH� PLFURFUDFNV� DQG� QRW�VR�UHDGLO\� REVHUYHG� GLIIXVH� GDPDJH���
0LFURFUDFNV�DUH�TXDQWL¿HG�E\�FUDFN�QXPEHU��FUDFN�OHQJWK��DQG�QXPEHU�OHQJWK�GHQVLW\�GLVWULEXWLRQV���%RQH�PLFURGDPDJH�LV�VHOI�UHSDLUHG�
by bone turnover, a complimentary set of on-going cellular events consisting of bone resorption (targeted local destruction of bone with 

PLFURGDPDJH��IROORZHG�E\�ERQH�PDWUL[�IRUPDWLRQ��SURGXFWLRQ�RI�QHZ�RUJDQLF�PDWHULDO�IRU�VXEVHTXHQW�PLQHUDOL]DWLRQ�DQG�PDWXUDWLRQ�
into mechanically competent bone).  Normal bone turnover prevents damage accumulation from reaching critical levels and confers 

bone with the biomechanical properties needed to resist excess deformation and avoid fracture. 

Rates of bone formation and resorption must be maintained, from both relative and absolute perspectives, to sustain these 

biomechanical properties.  Relative rates of resorption and formation must be equal to avoid losing or gaining bone mass.  Absolute 

UDWHV�RI�WXUQRYHU�PXVW�DOVR�EH�FRQWUROOHG�WR�DYRLG�SUHPDWXUH�ERQH�UHVRUSWLRQ�RU�SUHYHQW�PLFURGDPDJH�DFFXPXODWLRQ���6SHFL¿FDOO\��LI�WKH�
rate of bone turnover is inadequate, then the rate of microdamage repair is less than the rate of microdamage creation and the net amount 

RI�PLFURGDPDJH� LQFUHDVHV�� �8QUHSDLUHG�PLFURFUDFNV�ZLOO� LQFUHDVH� LQ� OHQJWK�ZKLOH�ERQH� LV�SK\VLRORJLFDOO\� VWUHVVHG�DQG� WKHVH�FUDFNV�
ZLOO�HYHQWXDOO\�FRDOHVFH�WR�IRUP�ODUJHU�FUDFNV�WKDW�FRXOG�EHFRPH�PDFURVFRSLF���7KXV��ERQH�ZLWK�DERYH�QRUPDO�OHYHOV�RI�PLFURGDPDJH�
will have a reduced load-bearing mechanical competence, a diminished injury threshold, and may catastrophically fail (fracture) when 

subjected to low-energy trauma.

The forensic investigator should appreciate the variety of bone-quality factors, including microdamage, which collectively 

govern the mechanical competence of this organ.  To reconcile the seeming disparities between fracture and low-energy trauma, the 

IRUHQVLF� LQYHVWLJDWRU� VKRXOG� VHDUFK� IRU�PHFKDQLVPV� OLQNHG� WR� DEQRUPDO� ERQH� WXUQRYHU�� �7KLV� VHDUFK� VKRXOG� EHJLQ�ZLWK� D� UHYLHZ�RI�
WKH�VXEMHFW¶V�PHGLFDO�KLVWRU\�EHFDXVH�ORZ�ERQH�WXUQRYHU�LV�D�³VLOHQW´�SKHQRPHQRQ�WKDW�DFFRPSDQLHV�SDUWLFXODU�GLVHDVHV�RU�WKHUDSLHV���
([FHVV�FRQVXPSWLRQ�RI�FHUWDLQ�DQWL�RVWHRSRURVLV�PHGLFDWLRQV��IRU�H[DPSOH��LV�NQRZQ�WR�FDXVH�ORZ�ERQH�WXUQRYHU���$GYDQFHG�DJH�DOVR�LV�
associated with low bone turnover.  A more thorough investigation requires a surgically procured bone sample upon which histological 

SURFHVVLQJ�DQG�TXDQWLWDWLYH�PLFURVFRSLF�DQDO\WLFDO�PHDVXUHPHQW�PHWKRGV�DUH�HPSOR\HG� WR�TXDQWLI\� WKH�GLVWULEXWLRQV�RI�PHDQ�FUDFN�
number, length, and density.

7KH�PDWHULDO� TXDOLW\� DQDO\WLFDO� DSSURDFK�GHVFULEHG� LQ� WKLV� DQG� UHODWHG�SULRU� ³ORZ�HQHUJ\�ERQH� IUDFWXUH´�SUHVHQWDWLRQV�RIIHU� WKH�
forensic investigator a general tool for reconciling low-energy traumatic events with seemingly incongruous injuries in other non-

osseous tissues or organs.
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