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Extremity Trauma Rehabilitation
Development of a Large Animal Model for Heterotopic Ossification

Medical advancements in Operation Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF) have 
led to a 92 percent survival rate of combat-injured Service members, a higher proportion than any previous 
military conflict.  However, approximately 70 percent of war wounds have involved the musculoskeletal 
system, largely from the use of improvised explosive devices and rocket propelled grenades (Covey 2006, 
Isaacson, Potter, et al. 2016, Isaacson, Weeks, et al. 2010).  In fact, there have been approximately 1,700 
Service members who have major limb loss from the Iraqi/Afghanistan conflicts (Isaacson, Hendershot, 
et al. 2016).  Given the intense nature of blast injuries, which require rapid tourniquet use, debridement 
and surgical intervention, heterotopic ossification (HO) has been reported to occur in approximately 63 
percent of wounded Service members with limb loss or major extremity injuries (Forsberg et al. 2009, 
Forsberg and Potter 2010, Potter et al. 2007).  Reports of recent OIF and OEF combat-related amputees 
with known HO have indicated that approximately 20-40 percent of affected patients required surgery 
to excise their bony masses (Potter et al. 2007, Potter et al. 2009, Tintle et al. 2012, Tintle et al. 2014).  
Symptomatic HO may delay rehabilitation regimens since it often requires modifications to prosthetic limb 
componentry and socket size. 

To date, no empirical evidence has indicated a mechanism for quelling or preventing metabolically 
active HO.  Correlative factors, such as gender, genetics, bioelectric signals, infection, and age have 
been associated with ectopic bone growth, but studies have often lacked histologic corroboration and 
advanced radiologic quantification (Bayley 1979, Goldman 1980, Hosalkar et al. 2009, Isaacson, Stinstra, 
et al. 2010, Kaplan et al. 1994, Potter et al. 2006, Wittenberg, Peschke, and Botel 1992).  Ectopic bone 
formation has been induced in various animal models, however, the most practical approach, and one 
that is highly understudied, is the ovine (Anthonissen et al. 2014, Kan and Kessler 2011).  Sheep have 
nearly identical mineral apposition rate levels and bone ingrowth into orthopaedic implants as that of 
humans and closely replicate the clinical condition (Bloebaum et al. 2007, Willie et al. 2004).  Further, the 
development of a large animal model (ovine) will address what Forsberg et al. (2014) noted in Burned to 
the Bone that “one of the challenges preventing advances in this field has been the lack of robust animal 
models for HO.”

Extensive research at the Henry M. Jackson Foundation (Bethesda, Maryland), the Center for 
Rehabilitation Sciences (Bethesda, Maryland) and the University of Utah (Salt Lake City, Utah) by a 
team of military physicians, bone biologists, and rehabilitation experts have observed several common 
factors that may act as catalysts for inducing HO and create a model using the following: (1) an air impact 
device to cause localized bone and musculature trauma, (2) a tourniquet to induce hypoxia, (3) a wound 
vacuum to generate negative pressure, and (4) bioburden in the wound site to increase the likelihood for 
developing a localized and systemic infections.  To date, the researchers have conducted 13 surgeries 
and demonstrated the ability to generate ectopic bone (Figure 1).  The approach is being further refined 
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to evaluate these factors individually and in combination to understand what exacerbates HO.  Successful 
demonstration of this work will lead to evidence-based medicine, and be vital for combat casualty care 
and rehabilitation of Service members.

In conclusion, complications from HO delays rehabilitation for Service members.  A robust translational 
model will explain the etiology of this pathological condition and help plan new clinical strategies to 
minimize ectopic bone formation and recurrence.

This research was funded by Defense Medical Research and Development Program, and is 
strategically aligned with Clinical and Rehabilitative Medicine Research Program.  This award 
(W81XWH-16-2-0037) is managed by Congressionally Directed Medical Research Programs.

FIGURE 1: Micro CT images of an ovine at 24 weeks shows HO formation (red arrows). Note the reactive bone response around silica beads (yellow 
arrows) that were used to grow biofilms to simulate localized infections and locations where the bone was drilled to expose the medullary canal and 
generate localized trauma (blue arrows). (Figure used with permission from the authors)
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