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a b s t r a c t

Introduction: Heterotopic ossification (HO) involves the formation of lamellar bone in nonosseous tissue.
For HO, radiotherapy has been shown to be an effective prophylactic modality.
Objective: To compare HO outcomes following radiotherapy and to investigate the comparative efficacy
of preoperative versus postoperative radiotherapy.
Methods: A systematic search was conducted on Ovid MEDLINE, EMBASE and Cochrane CENTRAL. Studies
were included if they were randomized controlled trials (RCTs) that included patients who were
prescribed prophylactic radiation for whom relevant HO progression outcomes were reported.
Results: From a literature search of 528 articles, 12 RCTs were included. There was a statistically signif-
icant reduction in HO prevalence with multiple as opposed to single fraction radiotherapy (p = 0.04),
however there was no statistically significant difference when examining HO progression (p = 0.34).
There was no statistically significant difference in HO progression when comparing a biologically effec-
tive radiation dose (BED) of >2500 cGy versus 62500 cGy (p = 0.28). As well, no statistically significant
difference existed in HO progression between postoperative versus preoperative radiation (p = 0.43).
Conclusion: There was no difference between postoperative or preoperative radiotherapy in preventing
HO progression. There seems to be no relationship between BED greater or less than 2500 cGy and the
efficacy of HO prophylaxis. Multiple fractions seem to be more effective than single fraction radiotherapy
in preventing HO progression.

� 2015 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 116 (2015) 4–9

Heterotopic ossification (HO) is the formation of lamellar bone
in non-osseous tissues such as muscles, nerves and connective
tissue [1,2]. HO can develop in various sites, including the hip,
knee, shoulder and elbow and is usually the result of traumatic
acetabular fracture, total hip arthroplasty or central nervous injury
[3,4]. The incidence of HO after open reduction of acetabular
fractures ranges from 5% to 90% [5].

HO formation is presumed to result from differentiation of
pluripotent mesenchymal cells into osteoblasts [6]. Bone mor-
phogenic protein (BMP2) has been shown to induce this process
[7]. Specifically, BMP2 interacts with the Wnt/b-catenin in
osteoblasts, which leads to differentiation. Differentiation usually
occurs 16 h after surgery and peaks at around 32 h postoperatively.
It normally takes at least 4–6 weeks for mineralization to be
detected by radiographs [6].

The risk factors for developing HO include male gender,
osteoarthritis, and previous development of HO at a particular

anatomic site [8]. In many cases, HO is asymptomatic and is only
detected on imaging. In other cases, it is asymptomatic until it
has reached higher degrees of ossification that may affect patients’
function [9]. Pain and decreased range of motion are the most com-
mon symptoms of advanced HO [10]. To classify the degree of ossi-
fication, the Brooker classification system is most commonly
employed [11]. The classification is based on AP radiographic views
only and is divided into five grades: grade 0, which represents no
soft tissue calcification; grade 1, which represents islands of bone
within the soft tissue about the hip; grade 2, which represents
bone spurs in the pelvis or proximal end of the femur with at least
1 cm between the opposing bone surfaces; grade 3, which repre-
sents bone spurs from the pelvis or proximal end of femur with less
than 1 cm between opposing bone surfaces; and grade 4, which
represents radiographic ankylosis [11].

Two common methods of prophylaxis of HO development are
radiotherapy and non-steroidal anti-inflammatory drugs
(NSAIDs). In a meta-analysis of randomized controlled trials
(RCTs) by Vavken et al., HO outcomes were compared in NSAID
vs. radiotherapy treatment arms. In total, 634 patients who
received radiation and 661 patients who received NSAIDs were
included in the study. There was no significant difference in the
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two prophylactic modalities seen (risk ratio (RR) = 1.2; 95% confi-
dence interval (CI) = 0.8–1.8; p = 0.48) [12]. However, there is a sig-
nificant difference between the cost effectiveness of radiotherapy
versus NSAIDs [13]. In another meta-analysis by Vavken et al.,
results strongly supported the conclusion that NSAIDs are consid-
erably more cost effective than radiotherapy [13]. However,
compared to NSAIDs, radiation therapy may be associated with
lower incidence of grade 3 and 4 HO. Therefore, radiotherapy
may be a preferred option in very high risk patients or in patients
with contraindications to NSAIDs.

Currently, it is hypothesized that radiation works as a method
of prophylaxis by inactivating pluripotent mesenchymal cells
before they start differentiating into osteoblasts [14]. Radiation
can be either given preoperatively or postoperatively, although
the latter remains a more common treatment choice [15,16]. A
meta-analysis by Popovic et al. examined the published literature
to examine optimal prescription parameters in 5464 patients
receiving prophylactic radiotherapy. They found that there was
no statistically significant relationship between the percentage of
patients receiving HO and radiation dose, and no significant
difference in the effectiveness between preoperative versus post-
operative radiotherapy [15]. The purpose of our meta-analysis is
to determine if these previous findings could be corroborated in
a more controlled environment by only considering the results
of randomized controlled trials (RCTs). Specifically, our
meta-analysis asks whether there is a difference in the develop-
ment of HO based on fractionation schedule (single vs. multiple),
preoperative versus postoperative radiotherapy administration,
and high versus low biologically effective radiation dose (BED).

Methods

A systematic literature search on Ovid MEDLINE and Ovid
OLDMEDLINE (1946 to February week 4 2015), EMBASE and
EMBASE Classic (1947–2015 week 8) and the Cochrane Central
Register of Controlled Trials (January 2015) was conducted utiliz-
ing the keyword ‘‘heterotopic ossification’’ combined with either
‘‘radiotherapy’’, ‘‘radiation prophylaxis’’, ‘‘radiation therapy’’ or
‘‘cancer radiotherapy’’.

Studies that were included had to be RCTs that contained
patients who had all been prescribed a known dose of radiother-
apy. The prevalence of HO had to be reported and stratified by
radiation site. Studies were only included if the average or median
length of radiographic follow-up exceeded eight weeks. Only
English trials were included.

Data collection

Collected data included the year of treatment, treatment center,
site of radiation, number of treatment sites with radiographic
follow-up, radiation dose, timing of radiation (postoperative or
preoperative), past history of HO, percentage of sites with any
HO prior to study inclusion, percentage of sites developing any
HO over the study duration, as well as Brooker grade-specific data
for HO prevalence prior to and during the study.

Statistical analysis

Review Manager (RevMan 5.2) by Cochrane IMS was used to
conduct the meta-analysis. The Mantel–Haenszel method was
applied and a random effects model was used to generate odds
ratios (OR) and accompanying 95% confidence intervals (CI). A
p-value of p < 0.05 was considered statistically significant. The
intention-to-treat principle was utilized in all statistical analyses.
For the pooled analysis, prevalence rates were used because not
all studies included information about baseline HO rates. Ta
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