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Abstract

Background—To compare the treatment of heterotopic ossification (HO) within traumatic brain 

and spinal cord injured populations.

Methods—MEDLINE/Pubmed, CINAHL, EMBASE, and PsycINFO databases were searched 

for articles addressing treatment of HO post-injury. Articles were constrained to: English language 

and human subjects. Studies were included if: n≥50% of the subjects had a SCI or TBI, n≥3 SCI or 

TBI subjects, and study subjects participated in a treatment or intervention. Study quality, for 

randomized control trials (RCTs), were assessed using the PEDro assessment scale, while non-

RCTs was assessed using the Downs and Black evaluation tool. A modified Sackett scale was used 

to apply levels of evidence for each intervention.

Results—In total 26 studies (NTBI=12; NSCI=14) met inclusion criteria. The majority of studies 

(10/12) conducted in the TBI population were surgical interventions. Studies conducted with the 

SCI population investigated diverse pharmacological treatments including: bisphosphonates, non-

steroidal anti-inflammatory drugs (NSAIDs) and Warfarin. Non-pharmacological studies 

investigated the benefits of pulse low-intensity electromagnetic field therapy, surgical excision, 

and radiotherapy in the treatment of HO.

Conclusions—Within the SCI literature, NSAIDs showed the greatest efficacy in the prevention 

of HO when administered early after a SCI, and biphosphonates were found to be the most 

effective treatment strategy. In the TBI population, surgical excision was the most effective 

treatment.
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1. Introduction

The formation of neurogenic heterotopic ossification (HO) appears to be similar following 

both traumatic brain injury and traumatic spinal cord injury. HO is thought to be associated 

with local inflammation [1] which affects mesenchymal stem cells present in soft tissues [2]. 

These mesenchymal cells transform into osteoblasts which are regulated by prostaglandins 

(PGs) [3–5]. Inflammation releases prostaglandins, particularly prostaglandin E2, which has 

been found to lead to lamellar heterotopic bone formation in experimental animal studies [5–

7].

Osteoblasts are integral to the formation of heterotopic bone through production of 

tropocollagen and alkaline phosphatase (AP). Tropocollagen polymerizes to form collagen 

fibers which are involved in the formation of the bone matrix. AP inactivates pyrophosphate 

which allows calcium deposition and mineralization of bone matrix [1]. Histological and 

radiological examination of mature heterotopic bone resembles that of normal bone [1].

For those who sustain a TBI, the incidence of HO has been reported as ranging from 11 to 

73.3% [8–10] thus making it a relatively common occurrence. For those who sustain a brain 

injury, soft tissue areas around the hips, elbows and knees are more commonly involved in 

the development of HO [11]. Reported incidence of HO varies greatly in the SCI population, 

ranging from 10–78% [1;12] is more likely to occur if spasticity is present, there is a 

prolonged loss of consciousness, or if there are long bone fractures, or where there is 

decreased range of motion. For individuals who remain in coma for an extended period of 

time (greater than 2 weeks) the risk of developing HO increases significantly [13]. Many 

who develop HO, experience pain (the most common symptom), warmth, and swelling in 

the areas affected [14]. Individuals who sustain a spinal cord injury may not report feeling 

pain in the affected area [9].

Previous systematic reviews of HO following brain injury [15] and spinal cord injury [16] by 

our group have examined the effectiveness of interventions for HO. The purpose of this 

systematic review was to examine and compare the effectiveness of treatments used to 

prevent and treat neurogenic HO in both the TBI and SCI populations. This review was 

conducted as part of the SCIRE project (http://www.scireproject.com) [17], an evidence-

based review of the literature assessing rehabilitation interventions in SCI patients and the 

ERABI project (http://www.abiebr.com) [18] an evidence-based review of the literature 

assessing rehabilitation interventions in brain injury patients.

2. Methods

2.1 Literature Search Strategy

A systematic review of the literature, published from 1980 to May 2010, of studies 

investigating interventions to prevent or treat HO occurring in those who had sustained a 

spinal cord injury or a brain injury was undertaken. Several databases were searched, 

including MEDLINE, CINAHL, EMBASE and PsycINFO. Key words included: heterotopic 
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ossification, HO, ectopic ossification, brain injury, spinal cord injury, treatment, 

intervention, excision, radiation. All retrieved references were scanned for relevant citations.

2.2 Study Selection

Studies were selected based on the previously established Spinal Cord Injury Rehabilitation 

Evidence (SCIRE) [19] and the Evidence Based Review of Acquired Brain Injury (ERABI) 

[20] methodologies. Studies were only included for review and analysis if: at least 50% of 

the study population had either an ABI or a SCI; if the study included 3 or more individuals 

who had an ABI or SCI; and there was a definable intervention for the prevention or 

treatment of HO. Literature and secondary hand searching resulted in 194 studies in the SCI 

population and 55 studies in the ABI population. Further evaluation of the studies resulted in 

26 meeting inclusion criteria.

2.3 Study Appraisal

Once selected, studies were carefully reviewed and scored using both the Physiotherapy 

Evidence Database (PEDro)[21] and Downs and Black (D&B)[22] quality assessment tools. 

The PEDro assessment tool consists of 11 questions with a maximum score of 10, while the 

D&B tool, which was modified for this study, consists of 27 questions with a maximum 

score of 28.

2.4 Data Synthesis

Investigations involving similar interventions were grouped and tabulated. The tables 

included, study author(s) and year, the PEDro or Downs and Black score, the type of study, 

treatment administered, dosage and frequency and time post injury. A modified Sackett 

scale, was used to assign a Level of Evidence for each treatment [23].

3. Results

Results from this systematic review revealed 3 primary types of treatments: pharmacological 

(see Table 2), non pharmacological (see Table 3) and combined (pharmacological and non 

pharmacological) (see Table 4). All treatments were used with both the ABI and SCI 

populations

3.1 Pharmacological Interventions

Banovac et al. [24;25] examined the use of NSAIDs in treating HO post SCI. In their first 

RCT, Banovac et al. [24] compared the prophylactic effect of 3 weeks of indomethacin or 

placebo treatment in SCI patients (n=33) and then followed the patients to determine who 

developed HO. HO was diagnosed through clinical presentation, nuclear bone scans or 

radiographs. Banovac et al. [24] found a significantly lower incidence of HO in the treatment 

group (25.0%) compared to the placebo group (64.7%) (p<0.001). Furthermore, patients in 

the treatment group experiencing HO symptoms presented significantly later than those in 

the placebo group (31.7 days vs. 19.2 days; p<0.048). In the second RCT, Banovac et al [24] 

again found SCI individuals (n=76) were significantly less likely to develop clinical and 

radiographic evidence of HO if they prophylactically received 25 mg of Rofecoxib daily for 

4 weeks when compared to those in a non-treatment control group. Overall there was Level 
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1 evidence that NSAIDS (robecoxib and indomethacin) reduced the incidence of HO post 

SCI.

Six studies examined the use of bisphosphonates, specifically etidronate, to treat HO. Of 

these, there was only one study which looked at administering etidronate to a group of ABI 

patients [26]. In this cohort study, patients (n=10) were administered etidronate 

prophylactically within a week of injury for 6 months. Those receiving etidronate were 

compared to a retrospective control group (n=10) who did not receive treatment. 

Radiographic and clinical evidence found those receiving etidronate had a significantly 

(p<0.025) lower incidence of developing HO when compared to those without treatment. 

Study results indicate there is Level 2 evidence that etridonate reduces the development of 

heterotopic ossification in severe head injury patients.

In the SCI population, etidronate treatment was examined in 5 studies. In a prospective 

controlled trial (PCT), Banavoc et al.[25] studied SCI patients diagnosed with HO based on 

radiographs and three-phase nuclear bone scans. In the first group, patients were 

administered intravenous etidronate for 3–5 days followed by oral etidronate treatment for 6 

months. The second group received only the oral editronate treatment for 6 months. The 

authors found no significant difference between the two groups in the development of HO. 

However, intravenous etidronate treatment significantly reduced swelling from baseline 

(p<0.01). There is Level 2 evidence that etidronate treatment is effective in the treatment HO 

post SCI.

In a second PCT study, Banavoc et al. [27] studied treatment with intravenous etidronate 

treatment followed by oral etidrontate treatment for 6 months in two groups of individuals 

post SCI. The first group (n=33) presented as positive for HO on bone scintigraphy with 

negative radiographic findings; the second group (n=13) presented as positive for both bone 

scintigraphy and radiographs. The study found 78% of participants in the first group that 

completed treatment showed no radiographic evidence of HO. However, only 46% of 

patients in the second group showed no further progression of HO. Overall there is Level 2 

evidence that etidronate can halt post-SCI HO progression if initiated before radiographic 

evidence is present.

In a case series, Banavoc et al. [28] followed SCI patients (n=40) who had positive bone 

scans but negative radiographs for HO treated with intravenous etidronate for 3 days and 

oral etidronate for 6 months over a 6 year period. The study found only 27.5% of patients 

developed radiographic evidence for HO. In another case series, Garland et al. [29] found no 

evidence of improvement in SCI patients (n=14) with clinical signs of HO following long 

term (2 years) etidronate treatment. Results of these studies indicate there is Level 4 

evidence that etidronate is not effective in treating HO post SCI once there is radiographic or 

clinical evidence of HO.

3.2 Non-Pharmacological Interventions

In an RCT reported by Durovic et al.[30], individuals post SCI were divided into two 

groups. The treatment group received prophylactic pulse low intensity electromagnetic field 

therapy with range of motion and exercise therapy, while the control group received only 
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range of motion and exercise therapy [29]. The study found a significantly higher incidence 

of HO (measured by Brooker grades and radiographs) in the control group when compared 

to the treatment group (p=0.04). Progression of HO was seen in 33% of the individuals in 

the control group while none of the individuals in the treatment group developed HO. Based 

on this one RCT, there is Level 1 evidence supporting prophylactic treatment of HO using 

pulse low intensity electromagnetic field therapy post SCI.

Only one study [31] examined the effectiveness of surgical excision alone on HO. This SCI 

study found large functional gains directly following excision. At the 6th year follow up, 

range of motion in 3 of 24 hips (12.5%) returned to preoperative levels or worse whereas 21 

of 24 hips, (87.5%) improved compared to preoperative levels. Preoperative range of motion 

(ROM) was approximately 11.5° and post operatively, during the final assessment period, 

ROM was approximately 35°. Study results indicate there was a total recurrence rate for HO 

in 22 of 24 hips (92%). There is Level 4 evidence that surgical excision alone does not 

significantly improve HO post SCI.

The use of radiotherapy to improve the success of surgical excision of HO post injury was 

studied in two case series, both of which included only individuals with SCI [32;33]. The 

studies found neither progression nor recurrence of the excised bone in 71% [32] and 90.9% 

[33] of patients based on the Brooker scale. Furthermore, adverse effects were associated 

with irradiation. Results from these two case studies indicate there is Level 4 evidence 

radiotherapy halts the progression of HO post SCI.

Garland et al.[34] conducted a retrospective chart review of 16 TBI patients with HO who 

underwent range of motion therapy. The study found initial improvement in ROM for 82% 

of patients; furthermore, 64% of these patients continued to maintain their ROM or gained 

further range through rehabilitation. Based on the results of this one study, there is Level 4 

evidence excision improves range of motion in TBI individuals.

Multicomponent non-pharmacological treatments were common, most of which included 

surgical excision as the primary treatment intervention. Meiners et al. [35], in a case series, 

examined the effects of surgical excision, irradiation and passive range of motion therapy of 

the hip joints in individuals with SCI. Study results indicate ROM increased from 21.95 

degrees preoperatively to 94.51 degrees intra-operatively and 82.68 degrees at 4 year follow-

up in all of the 29 study participants. There is Level 4 evidence multicomponent treatment 

using surgical excision, radiotherapy and passive range of motion therapy improves range of 

motion post SCI.

In a prospective case series, preoperative examination of 9 patients found HO in 12 joints 

(hips, knees and elbows): 9 joints with Brooker class IV ossification and three joints with 

class III based on radiographic review [36]. Irradiation (750 cGy) was provided to 7 of the 9 

patients within the first 24 hours post surgery. Joint ROM and ambulatory levels were 

assessed at one year post surgery. Bone scans showed no recurrence of HO in any patients at 

1 year follow up and ROM improved in 7 patients.

Two other case series followed TBI patients who underwent excision of HO from 16 elbows 

[37] and 7 knees[38] followed by passive range of motion therapy. Both studies found large 
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improvements in the ROM of affected joints and no recurrence of HO in any of the joints. 

Results of these studies indicate there is Level 4 evidence surgical excision followed by 

passive movement therapy improves ROM in individuals post TBI.

3.3 Combined Treatments

The use of pharmacological treatment in combination with non-pharmacological treatment 

was seen in 10 studies (see Table 4); all of these involved surgical excision as the primary 

treatment. In six studies, bisphosphonate treatment was supplemented with the surgical 

excision. Fuller et al. [39] reported on a case series of 17 brain injury patients who 

underwent surgical excision of knee HO followed by etidronate treatment. A significant 

increase in arc of motion by an average of 65° was seen (p<0.0001). No recurrence of HO 

was seen on clinical and radiographic examination. Moore [40] followed 17 brain injured 

patients with surgical excision of HO at hips and elbows along with etidronate treatment for 

the prevention of secondary HO. Range of motion gained immediately following surgical 

excision was maintained on average 23 months post surgery in 17 of the 20 joints. A 

recurrence rate of 15% was reported.

Kolessar et al. [41] retrospectively reviewed the charts of 17 patients who had sustained an 

ABI and underwent HO resection. All patients reviewed were also administered 

indomethacin and etidronate postoperatively. The radiographic review at about 13 months 

follow-up found a recurrence rate of 23.8% according to Brooker classification; however 

only 1 case had definite motion restriction.

Lazarus et al. [42] examined effectiveness of surgical excision followed by indomecthacin 

treatment in 24 patients with traumatic brain injury and elbow HO. Maximum flexion and 

extension increased significantly at 2 year follow-up (p=0.0003, 0.0005 respectively). The 

study found patients receiving continuous passive motion (CPM) had significantly higher 

motion gain than those that did not receive CPM (p=0.04).

Ippolito et al. [43] reviewed 21 TBI patients with HO receiving indomethacin post excision. 

Minute ossification was still seen in radiographs of all patients post surgery; however, the 

ossification had no apparent clinical effect. At followup (average of 38 months), 10 patients 

were able to ambulate and 2 were able to sit in a wheelchair. Excision was combined with 

either paminodrate [44] or etidronate [45] post SCI in two case series. Both studies found no 

evidence of HO recurrence.

In two small case series, Charnley et al. [46] and de Palma et al. [47] excised heterotopic 

bone which developed post brain injury followed by indomethacin treatment. After an 

average of 18 months, Charnley et al. [46] found no recurrence of HO. De Palma et al. found 

improvement in range of motion was greatest in patients with the largest restriction 

preoperatively. Overall there is Level 4 evidence supporting the use of combined therapies to 

treat HO post SCI or ABI.
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Discussion

This systematic review found interventions used to treat HO in individuals post SCI were 

predominately pharmacological while the majority of interventions used post ABI were non-

pharmacological, specifically surgical excision. Furthermore, interventions for treating HO 

post ABI commonly involved muticomponent treatments, while those post SCI primarily 

involved a single drug treatment. The spinal cord injury literature presented with stronger 

levels of evidence with a few well done Level 1 and Level 2 studies, while studies presented 

in the ABI literature were predominantly Level 4 evidence.

Diagnosis of HO was primarily established using either radiographic or clinical evidence. 

Furthermore, location of HO varied in the brain injury population between the hip, knee and 

elbow while HO in SCI patients was predominantly seen in the hip.

Only two studies examined the use of NSAIDs on the development of HO, both of which 

included post-SCI individuals. Both studies found a significant reduction in development of 

HO in individuals receiving either indomethacin or rofecoxib treatment. Interestingly, 

Banovac et al. found patients receiving 3 weeks (21 days) of indomethacin presented with 

HO symptoms an average of 31.7 days, while the placebo group presented symptoms an 

average of 19.2 days. The late development of HO in the treatment group may be correlated 

with the halting of indomethacin treatment. Although the use of NSAIDS is an intriguing 

prophylacitic with a generally acceptable side effect profile, more study is needed. Studies 

assessing administration of indomethacin over a longer term may establish a more prolonged 

and potentially more effective prophylactic effect.

Literature on the use of bisphosphonates to treat HO (once diagnosed by radiographs) in the 

spinal cord injury population found etidronate treatment was not effective in halting its 

progression; however, beginning treatment before radiographs became positive has been 

shown to result in lowering the incidence of HO post injury. Similarly, Spielman et al., in a 

study of individuals who had sustained a TBI showed earlier treatment with eidronate using 

a similar regimen as in the spinal cord studies resulted in a significantly lower incidence of 

HO. Since, there is a relatively low incidence of HO post ABI it is important to evaluate if 

the positive results found were due to the low probability of developing HO post injury or 

due to the treatment itself; hence, further evaluation on the prophylactic effectiveness of 

etidronate is needed.

Surgical excision was a common mode of treatment in many multicomponent interventions 

which included both pharmacological and nonpharmacological interventions in both 

populations. In most studies, the average time of surgical excision was about 30 months post 

injury. Secondary treatments including pharmacological, range of motion therapy and 

radiotherapy were found to be effective following excision. Of the pharmacological 

treatments etidronate and indomethacin administration post surgery greatly reduced 

recurrence of HO and increased ROM in both TBI and SCI populations.
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Conclusion

Pharmacological interventions were found to be effective prophylactic treatments for HO; 

however, once HO had developed surgical excision was the most effective mode of 

treatment. There was an abundant, albeit not high quality, body of research literature on 

surgical excision in the TBI population when compared to the SCI population. 

Pharmacological research on the prevention and treatment of HO in traumatic brain injury is 

lacking, while research in SCI offers strong support for the use of NSAIDs and 

bisphosphonates to prevent the development of HO or slow its progression. New emerging 

technologies such as pulse low intensity electromagnetic field therapy show great promise; 

however, due to difficulties in administrating this therapy and the lack of follow up data, its 

use at this point may be limited. At present prophylactic multi-component treatments which 

include NSAID or bisphosphonates and range of motion therapy show strong evidence of 

effectiveness. Surgical excision of heterotopic bone in combination with pharmacological 

treatment post excision should be considered once HO has formed.
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Figure 1. 
The Development of Heterotopic Ossification Post SCI or ABI.
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Table 1

Levels of Evidence Modified from the Sackett Scale.

Level 1 RCTs with a PEDro score of >/=6

Level 2 RCTs with a PEDro score of <6, Cohort, and Prospective Controlled Trails

Level 3 Case-Control studies

Level 4 Pre-Post, Case Series, and Post Interventions

Level 5 Case Reports, Clinical Consensus or Observational Studies

Conflicting Disagreement between the findings of at least 2 RCTs or when not available between 2 non-RCTs.
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Table 2

HO Pharmacological Treatments

Study Characteristics: Author/Yr N 
Design-Quality Score

Population Treatment

Treatment Dosage/Frequency Time post Injury

NSAIDS

Banovac et al., 2004
N=76
RCT-PEDro=10

SCI Rofecoxib 25mg 1×daily for 4 weeks 25±7days

Banovac et al., 2001
N=33
RCT-PEDro=9

SCI Indomethacin 75mg 1 daily for 3 weeks Not stated

Bisphosphonates

Spielman et al., 1983
N=20
Non-RCT D&B=14

BI Etidronate 20mg/kg body weight/day for 1st 3 months
10 mg/kg body weight/day for last 3 months

2–7 days post injury

Banovac et al., 1993
N=38
PCT-D&B=12

SCI Etidronate 300mg (IV) daily for 3–5 days and 20 mg 
orally for 6 months.

Not stated

Garland 1983
N=14
Case series-D&B=9

SCI Etidronate 20mg/kg body weight/day First two weeks
10mg/kg/day for 2 years

Not stated

Banavoc et al. 1997
N=46
PCT-D&B=7

SCI Etidronate IV for 3/day for 3 days
Oral dose for 6 months

Not stated

Banavoc et al. 2000
N=40
Case series-D&B=7

SCI Etidronate IV plus 20mg/kg body weight/day for 6 
months

Not stated
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Table 3

HO Non-Pharmacological Treatments

Study Characteristics: 
Author/Yr N Design-Quality 
Score

Population Treatment

Treatment Dosage/Frequency Time post Injury

Durovic et al 2009
N=29
RCT-PEDro=6

SCI Pulse Low-Intensity
Electromagnetic
Field Therapy

Induction of 10mT, 
frequency of 25Hz for 30 

mins for 4 weeks

Mean of 7 weeks

Garland & Orwin 1987
N=19
Case series-D&B=14

SCI Excision N/A Not stated

Melamed et al. 2002
N=9
Pre-Post-D&B=11

BI Excision N/A Not stated

Sautter-Bihl 2001
N=52
Case series-D&B=12

SCI Radiotherapy A linear accelerator at 6 to 
8 MV photons with single 
doses between 2 to 10 Gy

Not stated

Sautter Bihl et al. 2000
N=36
Case series D&B=9

SCI Radiotherapy 10 Gy in increments of 2–
2.5Gy

Not stated

Garland et al. 1982
N=16
Case series-D&B=10

BI Physiotherapy and ROM Exercises Not stated 3.6 months

Meiners et al. 1997
N=29
Case series-D&B=12

SCI Excision/irradiation/passive movement N/A Not stated

Ippolito et al. 1999b
N=14
Case series-D&B=9

BI Excision/passive movement Not stated 16–120 days

Ippolito et al. 1999c
N=5
Case series-D&B=8

BI Excision/passive motion At least twice a day for1 
month

Not stated
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Table 4

Combined Treatments

Study Characteristics: 
Author/Yr N Design-
Quality Score

Population Treatment

Treatment Dosage/Frequency Time post Injury

Kolessar et al. 1996
N=17
Case series-D&B=15

BI Excision/Indomethacin/Etidronate Indomethacin (75 mg/day) 
+ Etidronate (20 mg/kg/

day)

Mean of 30 
months

Fuller et al. 2005
N=17
Case series-D&B=14

BI Excision/Etidronate 20 mg/kg body weight for 2 
months

Not stated

Lazarus et al. 1999
N=24
Pre-Post-D&B=13

BI Excision/Indomethacin Indomethacin 25–50mg Average of 35.4 
months

Ippolito et al. 1999a
N=12
Pre-Post-D&B=12

BI Excision N/A Not stated

Moore 1993
N=17
Case series-D&B=9

BI Excision/Etidronate 10mg/kg body weight per 
day for 3 months

Not stated

Schuetz et al. 2005
N=5
Case studies-D&B=9

SCI Excision/Pamidronate 120 mg for 12 hrs post 
surgery and then increase 

over 6–14 days.

Not stated

Subbarao et al. 1987
N=5
Case series-D&B=8

SCI Excision/Etidronate 20 mg/kg body weight 
preoperatively for 10–14 

days
10 mg/kg body weight post-

operatively for at least 3 
months

Not stated

Kolessar et al. 1996
N=17
Case series-D&B=15

BI Excision/Indomethacin/Etidronate Indomethacin (75 mg/day) 
+ Etidronate (20 mg/kg/

day)

Mean of 30 
months

Charnley et al. 1996
N=5
Case series-D&B=9

BI Excision/Indomethacin Not stated Over 18 months

De Palma et al. 2002
N=10
Case series-D&B=8

BI Excision/Indomethacin/active motion therapy 25 mg 3 times a day for 6 
weeks

18–20 months
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Table 5

Effectiveness of the Various Treatments Used within the ABI and SCI populations

Treatment SCI ABI

NSAIDS +

Bisphosphonates + +

Excision − +

Radiotherapy +

Excision/Etidronate +

Excision/Indomethacin +

Excision/Indomethacin/Etidronate +

Excision/Pamidronate +

Excision/Indomethacin +

Pulse Low-Intensity Electromagnetic Field Therapy +

Radiotherapy −

Physiotherapy and ROM Exercises +

Excision/irradiation/passive movement +

Excision/passive movement +
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