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Radiotherapy for prevention of heterotopic ossification
of the elbow: a systematic review of the literature
Avraam Ploumis, MD, PhDa,*, Lazaros Belbasis, SMSa, Evangelia Ntzani, MD, PhDb,
Periklis Tsekeris, MD, PhDc, Theodoros Xenakis, MD, PhDa
aDepartment of Orthopaedics and Rehabilitation, University of Ioannina Medical School, Ioannina, Greece
bDepartment of Hygiene and Epidemiology, University of Ioannina Medical School, Ioannina, Greece
cDepartment of Radiation Therapy, University of Ioannina Medical School, Ioannina, Greece
Background: Heterotopic ossification is a pathological process characterized by abnormal formation of
bone in nonskeletal tissue. Radiotherapy for heterotopic ossification of the elbow is questionable because
of possible adverse effects.
Methods: A systematic review of the literature was conducted in MEDLINE, Scopus, ISI Web of Science,
National Institute for Health and Clinical Excellence, National Guideline Clearinghouse, System for Infor-
mation on Grey Literature in Europe, ClinicalTrials.gov, Cochrane Central Register of Clinical Trials, and
Cochrane Database of Systematic Reviews up to April 2012. All published articles assessing interventions
including radiotherapy for prevention of heterotopic ossification in the elbow of adult patients were consid-
ered. Information was recorded by the first two authors, and disagreements in interpretation were resolved
by consensus.
Results: In total, 27 studies using radiotherapy for elbow heterotopic ossification were identified
(1 randomized clinical trial, 1 case-control study, and 25 case reports and case series) in the literature.
Most of them used a single dose of 7.0 Gy. The randomized clinical trial was stopped early because of
severe adverse effects (pseudarthrosis) caused by radiation. The case-control study showed that radio-
therapy did not effectively prevent recurrence of heterotopic ossification. The case reports and case series
mentioned only sparse adverse events.
Conclusion: The use of radiation therapy for prevention of heterotopic ossification of the elbow is sup-
ported by weak evidence.
Level of evidence: Review Article.
� 2013 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Radiotherapy; heterotopic ossification; elbow; prevention; systematic review
Heterotopic ossification (HO) is the production of mature
bone within soft tissue at sites where bone normally does not
exist.56 It results from an alteration in the normal regulation
uests: Avraam Ploumis, MD, PhD, Department of Ortho-

ehabilitation, University of Ioannina Medical School,

pus, Ioannina 45110, Greece.

ss: aploumis@cc.uoi.gr (A. Ploumis).

ee front matter � 2013 Journal of Shoulder and Elbow Surgery

/10.1016/j.jse.2013.07.045
of skeletogenesis, specifically from differentiation of prim-
itive mesenchymal stem cells within soft tissue into bone-
forming cells (osteoblasts-osteogenic cells), in response to
a variety of biochemical or mechanical signals.9,32

Themost common cases of HO have beenmost frequently
reported after trauma, arthroplasty, burns, spinal cord injury,
and traumatic brain injury.30 Traumatic HO typically follows
fractures, dislocations, and operative procedures. Neurogenic
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HO is seen after central nervous system insult, including
spinal trauma and head injuries. HO can also occur in the
setting of genetic disorders like fibrodysplasia ossificans
progressiva. Several risk factors have been proposed for the
development of HO about the elbow. They include genetic
predisposition, severity of trauma, concomitant neurologic
injury, surgical approach, hematoma formation, and presence
of metabolic bone diseases (e.g., hypertrophic osteoarthritis,
ankylosing spondylitis, Paget disease, and idiopathic skeletal
hyperostosis).5

The incidence of primary occurrence of HO about the
elbow varies widely in different published reports. It ranges
from 1% to 3% in burn patients15 and patients suffering
isolated elbow dislocations63 and reaches 15% to 20% in
fracture-dislocations and in common forms of elbow injury
(spinal cord injury, brain injury, and trauma).20 In the case
of radial head fracture, it has been reported to be as high as
56%.29,39 Up to 89% of patients with concomitant traumatic
brain and elbow injuries have been reported to develop
HO.20,21 For patients with HO established about the elbow,
the incidence of recurrent HO after excision has not been
well documented. The respective numbers pertinent to the
hip are 63% to 90% without specific intervention.14,18

Early HO is suggested primarily by clinical signs and
symptoms, including severe pain, redness, swelling, warmth,
and loss of joint motion. Diagnosis of HO is confirmed by
radiographic examination (plain radiography, ultrasound,
bone scan, and magnetic resonance imaging).12,37

The management of patients with clinically significant
HO (either primary or secondary) most of the times
includes surgical excision. Surgical removal of HO is fol-
lowed by prophylactic measures, given its tendency to
recur. The two main prophylactic modalities for HO
occurrence (as primary prevention in high-risk patients) or
recurrence (as secondary prevention together with surgical
excision) are radiation therapy (RT) and nonsteroidal anti-
inflammatory drugs (NSAIDs).4

The rationale of RT use for prevention of HO is based on
the hypothesis that the osteoprogenitor cells, presented in
the early phase of HO development, are particularly radio-
sensitive. Their radiosensitivity may be partly due to their
high mitotic rate because they are in the process of prolif-
erating and differentiating into specialized forms, such as
osteoblasts and chondrocytes.4 The mechanism of action of
radiation is based on the suppression of the pluripotent
mesenchymal cells’ transformation into osteoprogenitor
cells and osteoblasts.53,54 In addition, experimental data
revealed that irradiation significantly reduces the expression
of biologic factors, such as bone morphogenic protein-7,
which plays a key role in the cellular process of differen-
tiation of osteoblasts and therefore the consecutive forma-
tion of ectopic bone tissue.10

Until now, there is no ‘‘gold standard’’ of care regarding
the indications, timing, and dosage of prophylactic RT for
elbow HO differentiating it from hip HO. In the present
study, a systematic review of the published literature on the
safety and efficacy of RT for the prevention of elbow HO
was performed.
Methods

The design of our study and the report of results were based on the
PRISMA statement.34

Inclusion criteria

All published articles including RT for the prevention of HO of the
elbow in adult patients were considered, regardless of the etiology
of HO. Only human studies were included, regardless of the
outcome assessed. No language restrictions were set. Studies not
providing information about patients’ outcome were excluded.

Information resources and search strategy

We searched MEDLINE (until April 2012), Scopus (until April
2012), and ISI Web of Science (until April 2012). The search
strategy included the keywords heterotopic ossification, myositis
ossificans, ectopic ossification, radiotherapy, radiation, irradia-
tion, and elbow. In addition, we searched the Cochrane Central
Register of Clinical Trials and the Cochrane Database of
Systematic Reviews until April 2012. We also investigated the
National Guideline Clearinghouse42 and the National Institute for
Health and Clinical Excellence43 for published clinical guidelines
related to RT for elbow HO. Furthermore, ClinicalTrials.gov13

was explored for unpublished information about the use of RT
for HO of the elbow. We also searched the System for Information
on Grey Literature in Europe (OpenSIGLE)61 for unpublished
evidence until April 2012. The reference lists of the included
articles were also hand searched for additional studies.

Data extraction

We recorded information pertaining to study characteristics and
demographics, such as authors, publication year and journal, study
design, sample size, mean age, etiology of HO, surgical excision
of HO before RT (yes or no), radiation dose (total dose and
number of fractions) and timing, duration of follow-up, functional
and radiologic outcome, number of failures of HO prevention, and
number of adverse events. The failure of HO prevention was
defined as the occurrence or recurrence of HO. We also recorded
the use of adjuvant interventions, such as NSAIDs and physical
therapy. Two investigators (A.P. and L.B.) assessed the eligible
articles according to the predefined criteria. The data were
included as available. Disagreements in interpretation were
resolved by consensus between the investigators.

Data analysis

We used the classification of medical evidence published by
Wright et al.66 We divided the radiation time into two categories:
RT after patients’ exposure to etiologic factors, mentioned as
primary prevention of HO (e.g., after trauma, burns); and RT after
excision of established HO, mentioned as secondary prevention of
HO. The measure of efficacy was the odds ratio for randomized
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clinical trials, case-control studies, and cohort studies; in case
series and case report studies, the measure of efficacy was the
number of patients without any evidence of new HO during the
last follow-up.

Statistical analysis

We used the c2 test to compare the difference in the efficacy of RT
administered as a measure of primary and secondary prevention
and the difference in the efficacy of RT and the combination of RT
with NSAIDs. For the secondary prevention of HO, we also
compared the efficacy of preoperative and postoperative RT using
Fisher’s exact test. The statistical significance threshold was .05.
P values are two-tailed. Statistical analysis was performed with
SPSS 10.0 (Chicago, IL, USA).

Results

Literature search

The literature search retrieved 97 studies, and a hand search
provided one more study. After duplicates were removed,
61 studies were examined according to eligibility criteria.
Finally, our comprehensive literature search retrieved 27
published reports that met the inclusion criteria (Fig. 1);
1 represented a randomized clinical trial (level of evidence
II), 1 was a case-control study (level of evidence III), and
the remaining 25 were case reports or case series (level of
evidence IV). In 3 studies,47,49,65 the full text paper could
not be obtained, and the data were retrieved by the study of
Strauss et al.60 There were no clinical guidelines available.
The paucity of the retrieved evidence did not allow a high-
quality quantitative synthesis. Details of available case
reports and case series are presented in Tables I and II.
Search of ClinicalTrials.gov and SIGLE did not provide
any other completed or incomplete study on the same topic.

Randomized evidence (level II)

Hamid et al,24 in an open-label study, randomized 48
patients to either RT (n ¼ 22) or no intervention. Three
patients were lost to follow-up, and the analysis included 24
patients from the RT group and 21 patients from the control
group. Patients included in this study suffered from an intra-
articular distal humeral fracture or a fracture-dislocation of
the elbow with proximal radial or ulnar fractures. The RT
group received 7.0 Gy postoperatively. The study was
terminated before completion because of an unacceptably
high number of adverse events reported in the treatment
group. In total, 9 elbows presented nonunion, of which 8
(38%) were in the treatment group and 1 (4%) in the control
group. The RT group had a significantly higher nonunion
rate (P ¼ .007). There were no statistically significant
differences between the 2 groups for nonunion risk factors,
such as age, sex, tobacco use, fracture classification, open or
closed injury, or time to surgery. Moreover, the authors
stated that the conclusions drawn from this study could be
considerably affected by the small sample size.

Case-control study (level of evidence III)

Cypriano et al11 conducted a small observational study on
17 elbows/patients with neurogenic HO undergoing HO
surgical excision. In the control group of 12 patients with
elbow HO, no RT was given, whereas RT of 7.0 Gy was
given postoperatively in the treatment group of 5 patients
with risk factors for HO recurrence. Detailed baseline
characteristics and study results are not provided separately
for the patients with HO of the elbow. The average range
of motion for flexion-extension in the treatment group
was 4� preoperatively, 132� intraoperatively, and 92� pos-
toperatively. The average range of motion for flexion-
extension in the control group was 66�, 150�, and 140�

preoperatively, intraoperatively, and postoperatively, res-
pectively. Patients in the treatment group lost an average of
40� of range of motion at the elbow, whereas patients in the
control group lost an average range of motion of 10�. The
rate of HO recurrence (15%) was considerably high in the
high-risk treatment group compared with the control group
(5%) despite the RT provided. Therefore, the authors
claimed that the dose of 7.0 Gy should not be recom-
mended for the use of RT as a postoperative preventive
intervention for the recurrence of neurogenic HO. Finally,
given the recurrence rate of 5% in the relatively low risk
patients with neurogenic HO who did not receive RT
prophylaxis, the authors raise the issue of whether these
patients would have benefited from RT. Nevertheless, the
conclusions drawn from this study could be considerably
affected by the small sample size and the potential of
confounding by indication bias since no high-risk patients
were included in the ‘‘control’’ group.

Case series and case reports (level of evidence IV)

Our search identified 25 case series and case reports on RT
for HO of the elbow published from 1992 to 2011 (Tables I
and II). These studies included 258 patients (261 elbows),
with the largest series60 including 44 patients. The etiology
of HO was local trauma (elbow fracture, elbow dislocation,
or combination) in most of the studies (236 patients).
Neurogenic cause of HO (spinal cord injury or traumatic
brain injury) was reported for 6 elbows/patients; 1 patient
developed HO of unknown etiology. In 11 patients, HO
developed after biceps tendon repair or after transplantation
(iatrogenic); in 9 patients (12 elbows), the etiology of HO
was burn injury or equivalent (toxic epidermal necrolysis) to
it. In 57 cases, RT was used prophylactically in patients at
risk for development of HO; in 204 elbows (in 201 patients),
RT was used as an ‘‘adjuvant’’ to surgical resection of HO.
Also, in 8 studies (76 patients), NSAIDs were coadminis-
tered; and in 14 studies (95 patients), formal physiotherapy
was used during inpatient rehabilitation, aiming for a more

http://ClinicalTrials.gov


Figure 1 PRISMA flow diagram of literature search.
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efficient improvement of the elbow’s functionality. The
described patients were followed up from 1month to 5 years.

Most cases were reported to have a favorable outcome
(212 of the 258 patients). Treatment failure expressed as
occurrence or recurrence of HO during follow-up was re-
ported for 42 patients in total. Among the 57 cases at risk in
which RTwas used for the prevention of HO occurrence, 12
(21%) patients developed HO, whereas HO recurred in
another 30 (15%) patients among the 201 patients who
received RT as adjuvant to HO surgical excision. In total, 4
patients from the secondary HO prevention group were re-
ported to have experienced adverse events (1 patient need-
ed manipulation because of ankylosis, 1 patient suffered
ruptured triceps in rehabilitation, and 2 patients exhibited
transient ulnar nerve paresthesia) of treatment, but no
complication directly related to irradiation was reported.

Quantitative synthesis of case series and case
reports

Regarding the use of RT for primary and secondary preven-
tion, the 2 groups did not present statistically significant
difference in the efficacy (on the basis of the number of
treatment failures) of RT (P ¼ .258). Furthermore, the differ-
ence in the efficacy of RT administered preoperatively and
postoperatively was not statistically significant (P¼ .496). RT
was more effective as a preventive measure for recurrence of
HO than the combination of RT with NSAIDs (P ¼ .0009).
The data used for statistical analysis are presented in Table III.
Discussion

The available case series and case studies claimed that
RT was an effective and safe intervention for prevention
of HO after surgery without any complications. Our study
did not recognize any statistically significant difference
in the efficacy of RT for primary and secondary preven-
tion and indicated that preoperative RT is comparably
efficient to postoperative RT for prevention of elbow HO.
The nearly complete absence of complications caused by
RT, especially in cases treated prophylactically after
osteosynthesis for elbow fractures, could possibly be
attributed to the selective reporting of cases inherent in
the case reports’ literature and to the short-term follow-
up. However, the only randomized controlled trial pub-
lished so far, despite its small sample size, strongly
supported that there are doubts about the safety of
radiation.

The efficacy of preoperative and postoperative RT for
prevention of HO has been studied in animal models and in
human patients. A study conducted in rats indicated that
preoperative RT had an efficacy comparable to post-
operative RT.31 A study of 20 patients mentioned that
preoperative RT and postoperative RT are equally efficient
for the prevention of recurrence of HO of the elbow.25 Also,
2 randomized clinical trials concluded that preoperative RT
is comparably effective to postoperative RT for the
prevention of recurrence of HO of the hip after hip
surgery.23,55
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Vavken et al64 examined the efficacy and safety of RT
for prevention of HO of the hip. This systematic review,
which provided a number of level I studies, indicated that
there is not a statistically or clinically significant
difference in the effect of NSAIDs or RT for the
prevention of HO. The risk ratio was similar for the
comparison between the 2 interventions of HO preven-
tion. However, the cost of RT was higher compared with
treatment with indomethacin.59 Therefore, RT was not
recommended as the primary mode for prevention of hip
HO. Regarding the safety of RT and indomethacin, in
trauma patients with multiple fractures, RT for prophy-
laxis reduces the risk of bone nonunion associated with
indomethacin.8 However, the elbow joint is a different
anatomical site with more complex kinematics, less soft
tissue coverage, less HO incidence, and younger pop-
ulation HO prevalence compared with the hip joint.
Therefore, even if irradiation was not recommended as
a primary intervention for prevention of hip HO, our
systematic review attempts to assess the efficacy and
safety of RT for elbow HO.

A recently published systematic review of HO treat-
ment within the traumatic brain and spinal cord–injured
population presented only level IV evidence on RT as
a measure for HO prevention.3 In another systematic
review of the therapeutic interventions for HO after
spinal cord injury, there was only level IV evidence
available that RT was effective in limiting primary and
secondary progression of HO.62 Furthermore, NSAIDs
were also found to be effective for prevention, whereas
bisphosphonates limited the progression of HO after
spinal cord injury.62 In a comparison of indomethacin
versus RT for the prevention of HO after acetabular
fractures, the systematic appraisal of available evidence
indicated that the incidence of HO was lower in patients
treated with RT rather than with indomethacin.7 In our
systematic review, the use of RT only for elbow HO
prevention was found to be more effective than the
combination of RT with NSAIDs.

In the studies included, the most frequently used type
of RT was a single dose of irradiation with 7.0 Gy, and
this has not been related to complications except in cases
after osteosynthesis, in which concerns of fracture union
prevention by RT were raised. Adverse effects of RT
depend on the radiosensitivity of the body tissues treated,
the volume of normal tissue irradiated, the total dose, and
the rate of dose accumulation.16 The side effects are most
evident in rapidly proliferating tissues, such as skin,
mucosa, and bone marrow.16 In the case of the elbow, the
most vulnerable and the most affected tissue is the
skin. In skin, the radiation could cause wound healing
problems, which may lead to delayed or nonhealing
ulceration, superimposed infection, carcinogenesis, and
acosmesis.16 Furthermore, the potential long-term risk of
a radiation-induced malignant neoplasm should not be
neglected, especially in young patients.45,51



Table II Available case reports and case series of radiotherapy for secondary prophylaxis of elbow heterotopic ossification (after surgical excision of heterotopic ossification)

First
author

Year N of
patients

N of
elbows

Age of
patients
(mean/
median)
in years

Etiology
of HO

Follow-up
(mean/
median)

Time of
radiation

Total
radiation
dose (Gy)

Fractions NSAIDs PT Result
excellent/
good (N of
patients)

Patients
with
recurrence
of HO

Agrawal1 2005 1 1 38 Iatrogenic (DBTR) 3 months Preoperative 7.0 1 Indomethacin Yes 1 0
Bimmel6 2006 1 1 52 Traumatic 3 years Preoperative 7.0 1 Not stated Yes 1 0
Ebinger17 2002 14 14 38.5 Traumatic 5 years Postoperative 7.0 1 Diclofenac Yes 14 0
)Ellerin19 1999 3 3 46.7 Traumatic 15.1 months Postoperative 7.0 1 Yes (1) No (2) Yes 1 2
Gibson22 1997 1 2 49 Thermal (TEN) Not stated Postoperative Not

stated
Not
stated

Not
stated

Yes 1 0

)Heyd25 2009 15 15 47.4 Traumatic 43.3 months Preoperative (8)
Postoperative (7)

7.0 1 None Not stated 13 2

Heyd26 2001 9 9 48.2 Neurogenic (1)
Traumatic (7)
Unknown (1)

7.7 months Preoperative (4)
Postoperative (5)

6.0 (3)
7.0 (1)
5.0 (5)

1 (4)
2 (5)

None Not stated 9 0

Hughes28 2010 1 1 57 Traumatic 18 months Preoperative 7.0 1 None Yes 0 1
)Lo35 1996 1 1 71 Traumatic 8 months Postoperative 7.0 1 Not stated Yes 1 0
Maender36 2010 8 10 42 Thermal 5 years Perioperative 7.0 1 None None 7 1
McAuliffe38 1997 8 8 42 Neurogenic (5)

Traumatic (3)
46 months Postoperative 5.0 5 Yes (2) None 8 0

Mishra40 2011 19 19 47 Traumatic 16 months Postoperative 7.0 1 None Not stated 17 2
Munin41 1995 2 2 40 Iatrogenic

(transplantation)
Lost to
follow-up

Postoperative 7.0 (1)
1.25 (1)

1 None Yes (1)
No (1)

Lost to
follow-up

Lost to
follow-up

Park46 2004 18 18 32.7 Traumatic 22.5 months Postoperative 7.0 1 None Yes 16 2
yPoggi47 1999 3 3 Unclear Traumatic 10.5 months Postoperative 7.0-8.0 1 None None 3 0
Robinson48 2010 36 36 42 Traumatic 8.7 months Postoperative 6.0 (2)

7.0 (34)
1 Not stated None 33 3

Schaeffer52 1995 1 1 40 Traumatic 1 month No surgeryz 7.0 1 Yes Not stated 1 0
Sotereanos57 2004 8 8 38 Iatrogenic (DBTR) 27 months Postoperative 7.0 2 None Yes 8 0
)Strauss60 2011 33 33 Not

stated
Traumatic 136 days Postoperative 5.0-7.0 1 Indomethacin Yes 17 16

yWolfson65 1993 19 19 Not
stated

Traumatic 21 months Postoperative 10.0 5 Unclear Not stated 18 1

DBTR, distal biceps tendon repair; HO, heterotopic ossification; NSAIDs, nonsteroidal anti-inflammatory drugs; PT, physiotherapy; TEN, toxic epidermal necrolysis.
) Study also includes other cases with radiation therapy used for primary prevention of elbow heterotopic ossification.
y Data recorded through Strauss.60

z Radiation therapy administered to reduce the symptoms derived from established HO.
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Table III Comparisons of radiation therapy efficacy

HO P value

þ �
Primary prevention (prevention
of occurrence)

12 44 .258)

Secondary prevention
(prevention of recurrence)

30 169

Preoperative RT 1 6 .496y

Postoperative RT 26 142
RT only 13 93 .009z

RT plus NSAIDs 21 55

Comparisons of radiation therapy (RT) efficacy are expressed as number

of patients receiving RT with or without evidence of heterotopic

ossification (HO) in last follow-up with (1) type of HO prevention

(primary versus secondary), (2) timing (preoperative versus preopera-

tive) of RT administration for cases of secondary prevention, and (3)

contemporary administration of nonsteroidal anti-inflammatory drugs

(NSAIDs) or not. The second comparison included only patients of

secondary HO prevention.
) Studies excluded: Munin,41 Sauter-Bihl.50

y Studies excluded: Maender,36 Schaeffer,52 Heyd,25 Munin.41

z Studies excluded: Bimmel,6 Gibson,22 Lo,35 Robinson,48 Wolfson.65
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Phantom measurements of the gonadal dose for single-
field irradiation of the elbow have revealed that the treatment
is not associated with gonadal damage.33 The ovarian dose
was 0.15% and the testicular dose 0.09% of the prescribed
tumor dose. The estimated lifetime risk for induction of
leukemia or solid malignant neoplasms is approximately 1%
and therefore suggested to be comparable to the risk asso-
ciated with diagnostic radiologic procedures.44

Limitations of study

Although the difference in HO occurrence and recurrence
observed between the two respective groups of case series
patients (Tables I and II) receiving RT is not statistically
significant, we would be reluctant to assess the clinical
importance of this observation because we compared two
diverse groups of patients scattered both chronologically
and geographically. Also, the quantitative analysis was
based on small sample size derived from studies of low
methodological quality. Given our current knowledge that
the only randomized controlled trial in the field was trun-
cated because of safety reasons, it is interesting that adverse
events were scarcely reported in the assessed case series
and case reports.
Conclusions
Our study incorporating all the published evidence
reveals a knowledge gap regarding the use of RT for the
prevention of HO of the elbow. Most of the currently
available studies are of low methodological quality, and
the only available randomized clinical trial was termi-
nated early for reasons of safety. The paucity of the
retrieved evidence did not allow a quantitative synthesis.
In addition, the mean follow-up time in the studies was
short, and as a consequence, they could not determine
the risk of cancer in patients with RT. Our study indi-
cates that in the medical literature, there are no high-
quality, consistent research findings on the safety and
efficacy of RT for HO of the elbow. Thus, RT should not
be used as a first-line intervention for prevention of
elbow HO.

Future research should place emphasis on the design
and implementation of randomized controlled clinical
trials, investigating the impact of different doses of
irradiation regimens, the time of irradiation, and the
number of irradiation fragments on presentation of
complications and on occurrence or recurrence of HO.
Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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