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Heterotopic ossification (HO) is the pathological extra-skeletal or ectopic 

formation of lamellar bone in non-osseous tissues1. Combat related high-

energy injuries are prone to a higher prevalence of HO. The gross 

physiological insult caused by blast wounds induces a profound and 

dysregulated systemic inflammatory response, a catalyst for HO formation. 

Many of these lesions require operative resection for treatment. However, 

complete surgical excision is not always technically feasible, and 

incomplete resection of HO is strongly associated with recurrence2.

HMGB1 functions as a Damage-Associated Molecular Pattern (DAMP) 

after being released from necrotic cells or secreted by activated 

macrophages, and through cellular transduction, recruits leukocytes across 

endothelial barriers, promoting local production of pro-inflammatory 

mediators3.

Because of the difficulties surrounding surgical management of HO, 

development of nonsurgical techniques to mitigate or reverse HO has 

appreciable clinical implications. In the current study, we sought to alter the 

process of HO and reduce its burden through localized treatment with 

HMGB1 in a rhBMP-2 induced model of HO. 

• Sixteen mice were injected subcutaneously with rhBMP2 impregnated in 

growth factor-reduced Matrigel and maintained for four weeks, as a model 

for the induction of HO. 

• Following HO formation, all animals underwent micro-computed 

tomography (micro-CT) for the evaluation of HO at the injection site 

(treatment Day 0).

• Experimental animals underwent treatment with HMGB1, injected 

subcutaneously directly at the site of palpable heterotopic bone, every 

other day, for a total of fourteen days. Control mice were injected with 

PBS using the same treatment regimen. 

• Live micro-CT imaging was also performed on treatment days seven and 

fourteen (Fig 1).

• Heterotopic tissues were recovered for histochemical analysis: 

Hematoxylin and Eosin (H&E), Pentachrome, Tartrate Resistant Acid

Phosphatase (TRAP), and Picosirius Red (PSR) (Fig 2, 3).

• Bone volumes at treatment Day 7 and Day 14 were compared to Day 0 

scans for each mouse (Fig 4).

.
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This study contributes to the ongoing effort to develop therapies to minimize the disease burden of HO 

through a nonsurgical modality. This investigation provides evidence that local therapy of HMGB1 on 

heterotopic bone limits its progression. Based on the evidence of this study, the mechanism by which HMGB1 

hinders HO formations does not appear to be a consequence of increase osteoclast recruitment and a resultant 

increase in bone turnover. A further investigation of the biological mechanism and dose-time relationship by 

which this DAMP implements its effect on HO is warranted, as the clinical use of HMGB1 to treat HO may 

potentially have an impact on improving patient morbidity and decreasing health care costs associated with 

this disease.

Figure 1. Micro-CT 3D reconstruction of heterotopic 

ossification formed after injection of rhBMP-2/Matrigel in

subcutaneous tissue of murine abdomen after 4 weeks of 

growth (day 0), and after initiation of treatment 

(day 7, day 14). The shell-shaped bone formed visually 

appeared more trabecular in the experimental group 

compared to more condensed, solid bone formed in the 

Controls. 

Figure 4. Treatment with HMGB1 led to a significant lower

mean volume of heterotopic bone growth compared to PBS 

treatment at seven (121.33% ± 16.02 vs.145.98% ± 22.37, p<0.05) 

and fourteen-day (201.88% ± 56.76 vs 253.45% ± 53.23, p<0.05)

Figure 2. Histological view of Heterotopic 

Ossification: H&E staining of control (A)  and  

experimental (B) group heterotopic bone 

implant retrieved after 4 weeks of growth (Day 

0), magnification x25. High magnification H&E 

demonstrating control (C) and  experimental (D) 

heterotopic shell of bone (B) surrounding 

Matrigel carrier (M), magnification x200. 

Pentachrome stain of heterotopic bone in control 

(E) and experimental group (F), demonstrating 

areas of mature bone (MB), immature bone (IB), 

cartilage (C), surrounding Matrigel carrier (M), 

with peripheral dermis (D), and muscle (My), 

magnification x100.

Figure 3. Histological Assessment of Osteoclasts 

and Collagen (A) TRAP with saffron 

counterstaining of control and (B) experimental 

group heterotopic bone implant depicting TRAP+ 

red cells (arrows), magnification x400. (C) PSR 

staining of control and (D) experimental group 

heterotopic bone implant demonstrating type I 

(yellow-red) and type III (green) collagen, 

magnification x50. 

Group Mean TRAP+ 

cells/µm2

Mean Percent 

Type I 

Collagen

Mean Percent 

Type III 

Collagen

Control 1497.99 96.94% 3.06%

Experimental 1107.89 95.71% 4.29%

p 0.49 0.34 0.63

Table 1. Quantification of TRAP and PSR Staining


