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Abstract

Background We previously found no reduction in

heterotopic ossification (HO) rates after acetabular surgery

with indomethacin compared with a placebo. We subse-

quently abandoned routine indomethacin therapy after

acetabular surgery but questioned whether the incidence

had changed using a posterior approach.

Questions/purposes We therefore determined (1) the

incidence of HO after acetabular fracture surgery through a

posterior approach; (2) the incidence of symptoms attrib-

utable to HO; and (3) the rate of reoperation for HO.

Methods We retrospectively reviewed the records of all

423 patients with acetabular fractures following our

clinical protocol change; of these, 120 were treated with a

Kocher-Langenbeck approach and included. The presence

of radiographic HO was documented a minimum of 10 weeks

postoperatively using the classification of Brooker et al.

Symptoms and reoperations were recorded.

Results The overall incidence of radiographic HO was

47% (56 of 120 patients): 26% Class I–II 13% Class III,

and 8% Class IV. Overall, 15% of patients developed

symptoms; 3.3% underwent reoperations for excision of

HO. There were no major differences between the inci-

dence of moderate and severe HO in this study when

compared with the indomethacin and placebo groups from

the prior study.

Conclusions Our incidence of moderate and severe HO

has not changed since discontinuing indomethacin. These

findings support our institutional decision to abandon

routine indomethacin prophylaxis after acetabular surgery.

We recommend improved surgical techniques to limit

damage to the abductors and improved risk stratification of

patients when considering treatment options for HO

prophylaxis.

Levels of Evidence Level III, retrospective comparative

study. See Guidelines for Authors for a complete descrip-

tion of levels of evidence.

Introduction

Heterotopic ossification (HO) about the hip is a known

complication after operative treatment of acetabular

fractures [3, 7, 9, 12, 14, 16, 17, 27]. The incidence varies

greatly with reported rates of 18% to 90%, with higher

rates for posterior and extensile surgical approaches

[1, 3, 10, 15]. A meta-analysis of 2394 patients showed an

incidence of radiographic HO of 26% after operative
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treatment of acetabular fractures with strong associations

based on surgical approach: 24% with the extended iliofem-

oral approach, 12% with the Kocher-Langenbeck approach,

and 1.5% with the ilioinguinal approach [10]. Excessive

heterotopic bone around the hip may cause severe limitations

in ROM and decreased function [9, 17]. The high incidence of

radiographic HO and potential morbidity after acetabular

surgery have led to the standardization of prophylactic ther-

apies in many institutions [3, 6, 10, 11, 13, 15–18, 20, 24].

Both indomethacin and radiation therapy variably decrease

the rates of severe HO after acetabular surgery to 4% to 15%

[2, 3, 6, 11, 13, 15–18, 20]. Both modalities have associated

complications, including risks of gastrointestinal bleeding,

delayed fracture healing, radiation-associated morbidities,

and the unclear cost-effectiveness of radiation therapy [1–3, 5,

6, 11, 13, 15–18, 20, 21]. Indomethacin treatment has been

associated with gastric ulcers, decreased platelet function,

renal toxicity, and impaired fracture healing [1, 5, 21].

Karunakar et al. conducted a prospective, randomized

control study of the effects of indomethacin on reducing HO

rates after acetabular surgery at our institution [13] and found

no reduction in the incidence of HO with indomethacin

versus placebo. Additionally, they reported poor compli-

ance, poor tolerance, and a high incidence of gastrointestinal

bleeding resulting from indomethacin in the study. For these

reasons, the routine use of indomethacin therapy after ace-

tabular surgery was abandoned at our institution. When our

clinical protocol change was reviewed as a quality measure,

the following questions were posed: (1) Has the incidence of

HO after acetabular fracture surgery changed since we dis-

continued prophylactic indomethacin therapy? (2) What is

the incidence of radiographic HO and symptoms attributed to

HO in our patient population? (3) What is the incidence of

reoperation for HO?

Patients and Methods

We performed a retrospective chart review of 423 consec-

utive patients treated for acetabular fractures at our

institution (Level I regional trauma center) since we dis-

continued the routine use of indomethacin as prophylactic

therapy. Patients were identified through our trauma registry

from January 1, 2006, through December 31, 2011. A total

of 281 patients (282 fractures) were treated operatively with

202 patients (203 fractures, one patient with bilateral ace-

tabular fractures) treated with the Kocher-Langenbeck

approach. Only patients treated through a posterior Kocher-

Langenbeck approach were included to ensure more accu-

rate comparison to the historical control from the prior study

conducted at our institution [13]. No patients were recalled

specifically for this study; all data were obtained from

medical records and radiographs. Inclusion criteria were

(1) 18 years of age or older at the time of injury; (2) presence

of an acetabular fracture treated operatively through a

Kocher-Langenbeck approach; and (3) presence of at least

one postoperative radiograph and followup clinic visit at 10

to 20 weeks. A total of 81 patients were excluded for the

following reasons: 48 patients potentially eligible for

inclusion were lost to followup; two patients were excluded

for treatment with radiation therapy as HO prophylaxis after

acetabular surgery (one patient received radiation after

completion of operative fixation of their acetabular fracture

during a second operation [interrupted index procedure as a

result of intraoperative medical complication] and a second

patient received radiation therapy for unclear reasons [not

clearly documented in records]); four patients were exclu-

ded for acute failure and conversion to THA within

3 months; four patients were excluded for combined fixation

and THA; one patient was excluded for periprosthetic

fracture around a THA socket; 13 patients (14 fractures, one

patient with bilateral acetabular fractures) were excluded for

documented head injury (eg, open or closed with hemor-

rhage, traumatic brain injury, or diffuse axonal injury);

seven patients were excluded for reoperation for acute

(within 4 weeks) deep infection or hematoma; one patient

was excluded for acute reoperation (immediately postoper-

atively) for hardware misplacement; and one patient was

excluded for postoperative indomethacin use for pain con-

trol. After the exclusions were applied, there were 120

included patients (120 fractures).

We had no standard followup protocol and variability in the

timing of postoperative followup visits necessitated a wide-

range assessment of radiographs and clinical symptoms. We

documented symptoms attributable to the presence of radio-

graphic HO at the last clinic followup and reoperation for

excision of HO. Chief subjective complaints at the last fol-

lowup were pain, stiffness, and limp; the most common

clinical finding was loss of active and passive hip ROM.

Radiographic HO is usually seen with maximum formation by

12 weeks postoperatively [6, 13, 15–20, 24], and last clinic

followup averaged 10 months postoperatively for patients

with moderate HO (Brooker Class III) and 7 months postop-

eratively for patients with severe HO (Brooker Class IV).

Standard plain film radiographs were taken during the

postoperative period; AP, iliac oblique, and obturator

oblique views were reviewed according to Moed and Smith

[19]. One of us (SMG) classified the presence of HO as

documented on radiographs at 10 to 20 weeks postopera-

tively according to the classification of Brooker et al. [4].

Class 0 indicated no HO, Class I described islands of bone

within the soft tissues about the hip, Class II described

bone spurs from the pelvis or proximal end of the femur

with at least a 1-cm gap, Class III described bone spurs
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from the pelvis or proximal end of the femur with a gap

less than 1 cm, and Class IV described apparent bony

ankylosis of the hip [4, 13] (Fig. 1). Patients were classified

into four categories for all analyses: no HO (Brooker Class

0), mild HO (Brooker Classes I and II), moderate HO

(Brooker Class III), and severe HO (Brooker Class IV).

We used the combined data for Classes III and IV for

comparison to the data from our previous study as the

historical control.

Categorical variables were compared with those in our

previous study [13] using Pearson chi-square tests and

continuous variables were compared using independent

sample t-tests or one-way analysis of variance. The

Brooker classes were separated into four categories for all

analyses: none (Class 0), mild (Classes I and II), moderate

(Class III), and severe (Class IV). The data were analyzed

using Stata1 12 (StataCorp LP, College Station, TX, USA)

software.

Fig. 1A–E Brooker classification for HO about the hip [4].

(A) Brooker Class 0, no HO. (B) Brooker Class I, islands of bone

within the soft tissues about the hip. (C) Brooker Class II, bone spurs

from the pelvis or proximal end of the femur with at least a 1-cm gap.

(D) Brooker Class III, bone spurs from the pelvis or proximal end of

the femur with a gap less than 1 cm. (E) Brooker Class IV, apparent

bony ankylosis of the hip.
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Results

We found no major differences between the combined

incidence of moderate and severe HO (Brooker Classes III

and IV) in this study when compared with the same inci-

dences for both the indomethacin and placebo treatment

groups from the prior study (historical control). The com-

bined incidence for Brooker Class III and IV in the current

study was 21% (25 of 120 patients). No differences were

found when this was compared with the indomethacin

treatment group (incidence of Brooker Class III–IV HO was

15% [nine of 59 patients], p = 0.36) and with the placebo

treatment group (incidence of Brooker Class III–IV HO was

19% [12 of 62 patients], p = 0.72) from the prior study

(Table 1). The overall incidence of radiographic HO was

47% (56 of 120 patients); 31 of 120 patients (26%) had mild

HO (Brooker Class I–II); 15 of 120 (13%) patients had

moderate HO (Brooker Class III); and 10 of 120 (8%)

patients had severe HO (Brooker Class IV).

Symptoms were reported in the medical records as pain,

limp, and stiffness/decreased ROM. Of those with mild

radiographic HO (Brooker Class I–II), no patients had any

hip-related symptoms at last clinical followup. Of patients

with moderate radiographic HO (Brooker Class III), eight

of 15 patients (53%) had hip-related symptoms at last

followup, which averaged 10 months postoperatively for

this group. The chief subjective complaints at last followup

were pain (five of eight patients), stiffness (five of eight

patients), and limp (three of eight patients); the most

common clinical finding was loss of active and passive hip

ROM (loss of internal rotation [IR] documented in six of

eight patients with average IR of 3.3�). All patients (10 of

10 patients) with severe HO (Brooker Class IV) were

symptomatic at last clinic followup, which averaged

7 months postoperatively for this group. The chief sub-

jective complaints at last followup for this group were pain

(five of 10 patients), stiffness (10 of 10 patients), and limp

(five of five patients); the most common clinical finding

was loss of active and passive hip ROM (loss of IR

documented in six of 10 patients with average IR of 3.3�)

(Table 2).

Four of 120 patients (3.3%) underwent reoperation for

excision of HO at a mean of 9 months postoperatively

(range, 5–13 months); one of these patients had moderate

HO (Brooker Class III), and three patients had severe HO

(Brooker Class IV). This gives an overall incidence of

symptomatic moderate or severe HO (Brooker Class III and

IV) of 15% (18 of 120 patients).

Discussion

We previously examined the effect of indomethacin on

reducing HO rates after acetabular surgery through a

posterior approach and found no reduction by indometha-

cin versus a placebo [13]. The routine use of indomethacin

therapy after acetabular surgery was subsequently aban-

doned at our institution. The current study was designed to

evaluate changes in clinical outcomes after our protocol

change and to either support or call into question the

changes made in our treatment algorithm. The develop-

ment of symptomatic HO remains an important clinical

problem. When reviewed as a quality measure, we asked

whether the incidence of HO after acetabular surgery had

changed, what is the incidence of radiographic HO and

symptoms resulting from HO, and what is the rate of

reoperation for symptoms resulting from major HO since

abandoning indomethacin prophylaxis.

We recognize major limitations of our study. First, we

had a relatively low number of patients, particularly those

with major symptoms and reoperations and the study would

be underpowered to determine factors related to major

symptoms or reoperations. Our exclusion criteria were

designed to control for some confounding variables. Risk

factors for HO after acetabular surgery have been identified

and include traumatic brain injury, fracture pattern and

Table 1. Incidence of severe heterotopic ossification, including data reported in randomized trials and historic data

Author Moderate or severe radiographic HO (Brooker III and IV)

No prophylaxis or placebo Indomethacin Radiation

Current study 21% (25/120)

Karunakar et al. [13] 19% (12/62) 15% (9/59)

Letournel and Judet* [14] 11% (31/281)

Matta and Siebenrock� [15] 5% (1/21) 9% (3/32)

Burd et al. [6] 11% (8/72) 4% (3/78)

* Letournel used Kocher-Langenbeck, no prophylaxis; �only includes patients treated through a posterior or extensile approach; HO =

heterotopic ossification. Table provided by and modified with permission from SLACK Incorporated: Karunakar MA. Acetabular fractures:

heterotopic ossification. In: Archdeacon MT, Anglen JO, Ostrum RF, Hersocovici D Jr. Prevention and Management of Common Fracture

Complications. Thorofare, NJ, USA: Slack Inc; 2012:179–188.
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severity, being male, high Injury Severity Score, associated

thoracic and abdominal trauma, and a delay in fracture

fixation [9–12, 14, 23, 27]. We serve a patient population

that is often critically injured and prone to complications;

therefore, severe injuries and complications that may be

confounding factors must be eliminated from consideration

when possible. Therefore, a substantial number of patients

were eliminated from the study on that basis. The largest

factor responsible, however, for the relatively low number

of patients in the study was loss to followup (24% of all

potentially eligible patients), a factor over which we had no

control. The aim of this study was to compare results with

those from the prior study done here, and the numbers of

eligible patients were nearly identical [13] (120 eligible

patients versus 121 eligible patients in the previous study).

Second was the inability to further classify the nature of

clinical symptoms that occurred in the 18 patients in whom

symptoms resulting from HO were noted. Symptoms were

attributed to HO when directly specified by the treating

clinician in the clinic note. The descriptions generally

included only mention of pain and decreased ROM as a

subjective complaint, and infrequently actual ranges were

given. Because this was a retrospective chart review, better

characterization and quantification of these symptoms was

not possible. These data would be useful in more accurately

analyzing what symptoms are the result of the presence of

HO, grading of symptom severity, and correlation to the

radiographic severity of HO present. Additionally, two

patients in the moderate and severe HO groups with major

symptoms who had planned and scheduled surgical excision

of HO who were lost to followup before the procedure. It is

not possible to know if these patients had their procedure

elsewhere or if they declined reoperation. Inclusion of these

patients in the reoperation cohort would influence our data.

Third, the use of nonindomethacin NSAIDs, specifically

aspirin and ibuprofen, in the postoperative period could

have confounded the findings and we did not control for

these agents in our analysis. Indomethacin, aspirin, and

ibuprofen all decrease heterotopic bone formation in both

animal and human studies [1, 8, 21, 22, 26]. Pagnani et al.

demonstrated high-dose aspirin reduced the incidence of

severe (Brooker Class III–IV) HO in a study of 83 male

patients after THA [22]. Ibuprofen reportedly reduced HO

in both human and rat studies [8, 26]. Because ours was a

retrospective chart review, we could not rule out the use of

prescribed or over-the-counter NSAID medications because

our documentation did not accurately reflect the medication

profiles. One patient was discharged from the hospital with

prescribed indomethacin for pain control and was excluded

on this basis. Two patients in the study group were dis-

charged on low-dose aspirin for cardiac prophylaxis but

were not excluded because of the low-dose regimen. Use of

ibuprofen for pain control in the postoperative period was

not considered as exclusion criteria for our study because of

an inability to verify compliance and dosing. Nineteen

patients in our study were prescribed ibuprofen at discharge,

but actual use could not be verified as a result of lack of

recordkeeping. Despite these obvious limitations, our find-

ings seem to support our decision to abandon indomethacin

prophylaxis with outcomes similar to the previous index

study [13] in a nearly identical study population size.

We found no major differences between the combined

incidence of moderate and severe HO (Brooker Classes III

and IV) in this study (21%) when compared with the

incidence of moderate to severe HO (Brooker Classes III

and IV) for both the indomethacin (15%) and placebo

(19%) treatment groups from the prior study [13].

Letournel and Judet [14] reported an 11% incidence of

severe HO after acetabular surgery through a Kocher-

Langenbeck approach without any prophylaxis. This is

similar to the 9% to 15% reported for patients receiving

indomethacin in randomized clinical trials [10, 14, 18] as

well as the 19% to 21% reported in the prior [13] and current

studies at our institution. In the absence of adjunctive pro-

phylaxis, surgical techniques have been developed to

decrease the formation of HO, including débridement of the

gluteus minimus and the digastric slide trochanteric osteot-

omy. Débridement of devitalized gluteus minimus muscle at

Table 2. Incidence of heterotopic ossification

HO class/outcome Incidence

No HO 53% (64/120 patients)

Radiographic HO 47% (56/120 patients)

Mild radiographic HO (Brooker I–II) 26% (31/120 patients)

Moderate radiographic HO (Brooker III) 13% (15/120 patients)

Severe radiographic HO (Brooker IV) 8% (10/120 patients)

Hip-related symptoms resulting from HO 53% (8/15 patients) with moderate HO (Brooker III), 100% (10/10 patients)

with severe HO (Brooker IV), 15% (18/120 patients) overall

Reoperation for HO excision 22% (4/18 patients) with symptomatic moderate or severe HO (Brooker III and IV),

3.3% (4/120 patients) overall

HO = heterotopic ossification.
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the time of surgery reportedly reduces the development of

severe HO after acetabular surgery through a posterior or

extensile approach. Rath et al. [24] reported a 10% incidence

of severe HO after débridement of devitalized gluteus

minimus after acetabular surgery through a posterior

approach, and this compared favorably with other series using

chemoprophylaxis. Trochanteric osteotomy has historically

been associated with increased HO, likely related to the

elevation and subsequent injury to the abductor muscles

[9, 11, 12, 14]. Siebenrock et al. [25] proposed a modified

osteotomy, the trochanteric slide, which they asserted min-

imizes abductor injury, resulting in a lower rate of HO. Most

authors suggest surgical techniques to minimize injury to

the abductor muscle may reduce the risk of formation of

heterotopic bone [9, 13, 15, 24]. Gluteus minimus débride-

ment was done in all patients in this study, and digastric

slide trochanteric osteotomy was used in all patients who

required osteotomy. However, these techniques did not seem

to show any reduction in HO formation in our study popu-

lation, suggesting our technique may be causing more

abductor injury than expected and refinement is needed.

Single-dose radiation therapy reduces the incidence and

severity of HO after acetabular surgery [2, 3, 6, 20]; how-

ever, as a result of its high cost and potentially associated

morbidity, it has been used only sporadically in our insti-

tution. Radiation therapy was used for HO prophylaxis for

only two high-risk patients during our study period, and they

were excluded from the study. This may be considered in the

future for high-risk patients.

Although the overall incidence of radiographic HO in

our current study was 47% with a combined incidence of

moderate and severe HO of 21%, only 18 of 120 patients

(15%) developed symptoms we attributed to HO. Symp-

toms were reported in the medical records as pain, limp,

and stiffness/decreased ROM. The only quantifiable

symptoms documented in the medical records were loss of

active and passive hip ROM. However, because normal

ROM of the unaffected contralateral sides was not docu-

mented for each patient, it was very difficult to accurately

calculate motion loss retrospectively.

Our reoperation rate for symptomatic HO was low

overall (3.3%), and reoperation only occurred in patients

with moderate and severe radiographic HO. However,

within the combined moderate and severe subgroups, the

reoperation rate was relatively high at 22%. Patients with

symptomatic moderate or severe HO not undergoing

reoperation were not recalled for the purposes of this study

to evaluate why treatment was not sought or if they

underwent treatment elsewhere.

Since discontinuing indomethacin prophylaxis after

acetabular surgery, our incidence of moderate and severe

radiographic and symptomatic HO has not changed despite

the standardized use of surgical techniques designed to

minimize the risks of developing HO. Our findings support

our institutional protocol change to discontinue routine

indomethacin prophylaxis after acetabular surgery for low-

risk patients. An ideal prophylactic regimen for HO would

show a large reduction in the incidence of severe HO, have

ease of use with a high compliance rate, and be cost-

effective with a minimal risk of side effects or complica-

tions. Based on current evidence, neither indomethacin nor

radiation meets all of these criteria. We would, however,

recommend improved surgical techniques to limit damage

to the abductors and improved risk stratification of patients

when considering treatment options for HO prophylaxis for

higher risk patients after acetabular fracture surgery.
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