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ABSTRACT

Heterotopic ossification is the atypical process characterized by de novo bone formation in tissues and can be caused by surgery,
trauma and genetic disorders. The most commonly affected sites are the hips, knees, elbows and temporomandibular joints. The aim
of the study was to evaluate efficacy of radiotherapy in preventing Heterotopic ossification. Data of 84 eligible patients treated with ra-
diotherapy prophylaxis for Heterotopic ossification between 1997-2017 were retrospectively reviewed. 47 (56%) of the patients were
male and 37 (44%) were female. The mean age was 50.4+14.1 (range: 17-82) years. According to the radiotherapy fields; right hip
joint 35 (42%), left hip joint 33 (40%), bilateral hip joint 2 (2%), right elbow 10 (11%) and left elbow 4 (5%). After a median follow up of
104 and 95 months, 1 (7%) patient underwent treatment to the elbow site had evidence of Heterotopic ossification after radiotherapy
and 8 (11%) patients underwent treatment to the hip sites had evidence of Heterotopic ossification after radiotherapy respectively.
When all patients were examined; gender (p= 0.319), age (p= 0.158), etiology (p= 0.167), treatment area (p= 0.532), radiotherapy
technique (p= 0.502) and the time between surgery and radiotherapy (p= 0.469) were not statistically significant according to the risk
of Heterotopic ossification formation. Radiotherapy with 800 cGy in single fraction is a safe and effective treatment modality in the
prophylaxis of patients at high risk for Heterotopic ossification formation. Fractional treatments can also be used for larger treatment
areas, but the experience is limited.
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OzET

Heterotopik Ossifikasyon Profilaksisi icin Radyoterapi Sonuclari: Tiirkiye’nin Dogu Karadeniz Bélgesinden Tek Merkez
Deneyimi

Heterotopik ossifikasyon dokularda de novo kemik olusumuyla karakterize atipik bir stregtir ve cerrahi, travma ve genetik bozukluk-
lardan kaynaklanabilir. En sik etkilenen bolgeler kalca, diz, dirsek ve temporomandibular eklemlerdir. Calismanin amaci, radyoterap-
inin Heterotopik ossifikasyonun dnlenmesindeki etkinligini degerlendirmektir. 1997-2017 yillar arasinda Heterotopik ossifikasyon icin
radyoterapi profilaksisi uygulanan 84 hastanin verileri retrospektif olarak incelendi. Hastalarin 47’si (% 56) erkek, 37’si (%44) kadindl.
Ortalama yas 50.4 + 14.1 (dagiim: 17-82) yil idi. RT alanlarina gore; sag kalga eklemi 35 (%42), sol kalga eklemi 33 (%40), bilateral
kalca eklemi 2 (%2), sag dirsek 10 (%11) ve sol dirsek 4 (%5). Ortalama 95 ve 104 aylk takipte dirsek bdlgesi hastalarindan 1 (%7)
hastada ve kalga bdlgesi hastalarindan 8 (% 11) hastada radyoterapi sonrasi Heteretropik ossifikasyon olusmustur. Tim hastalar
incelendiginde; cinsiyet (p= 0.319), yas (p= 0.158), etiyoloji (p= 0.167), tedavi alani (p= 0.532), radyoterapi teknigi (p= 0.502) ve cer-
rahi ile radyoterapi arasindaki stre (p = 0.469) Heterotopik ossifikasyon olusumu riskine gére istatistiksel olarak anlamli degildi. Tek
fraksiyonda 800 cGy radyoterapi, Heteretropik ossifikasyon olusumu igin yUksek risk altindaki hastalarin profilaksisinde guvenli ve etkili
bir tedavi modalitesidir. Fraksiyonel tedaviler daha genis tedavi alanlar icin kullanilabilir, ancak deneyim sinirlidir.
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INTRODUCTION

Heterotopic ossification (HO) is the atypical for-
mation of lamellar bone in soft tissue (nerve, con-
nective tissue or muscle).! For the first time in 1918
by Dejerine and Cellier, it is defined as ‘paraosteo-
arthropathy’.? HO is a common complication after
traumatic brain injuries and spinal cord injuries.

Several risk factors have been identified for HO
as direct trauma to muscle tissue, extensive burns,
femoral and acetabular fractures and arthroplasty
operations.> Usually, HO is asymptomatic and
is coincidentally defined on imaging. In symp-
tomatic conditions, the earliest findings are pain,
swelling, fluid accumulation in the joint, erythema
and increased temperature. These may result in
decreased range of motion and, rarely, joint anky-
losis. With the complete placement of heterotopic
ossification, pain is reduced.*

Patients with a high risk of developing HO are often
given prophylactic treatment. Prophylaxis options
include radiotherapy (RT) and non-steroidal anti-
inflammatory drugs (NSAIDs) while the standard
treatment of HO is complete surgical excision of
the ectopic bone, However, because of its high lo-
cal recurrence rate, a need has been recognized for
adjuvant therapies after surgical treatment.”” RT
is the only prophylaxis agent that can be admin-
istered locally when compared to other methods.®

The reason for RT use for prevention of HO is
based on the hypothesized that radiation works as a
method of prophylaxis by inactivating pluripotent
mesenchymal cells before they begin differentiat-
ing into osteoblasts are especially radiosensitive.’
RT can be either given preoperatively or postop-
eratively, although more often preferred postopera-
tively.'

Complications of heterotopic ossification include
ankylosis, scarring, lymphedema, vein and nerve
compression.'!

Recently, a number of studies have been under-
taken to identify new aspects of the etiology of
HO formation and to seek more efficacy and new
prophylactic modalities with more side effects. The
objective of this study was to determine the effect
of postoperative RT on the prevention of HO.
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PATIENTS and METHODS

This retrospective clinical study was conducted
with due to permission from the Ethics Committee
at the Karadeniz Technical University Faculty of
Medicine (2018-11). Between 1997 and 2016, a to-
tal of 84 patients who underwent treatment for HO
prophylaxis after the surgery were included in this
study. The medical records of all patients were ret-
rospectively reviewed to obtain demographic data
about their age, gender, affected the joint, surgical
type, timing RT and RT dose.

Treatment

Seventy patients received a total hip replacement
and 14 patients underwent elbow surgery. All op-
erations were performed by arthroplasty surgeons
at our university hospital using a posterior or direct
lateral approach. Patients at high risk for HO were
guided in the first 24-96 hours postoperatively after
orthopedic surgery. All patients were given a first-
generation cephalosporin 1 hour preoperatively
and for 48 hours postoperatively. Coumadin or
low-molecular-weight heparin was used for deep
venous thrombosis prophylaxis. Patients discon-
tinued nonsteroidal anti-inflammatory medication
preoperatively and postoperatively.

Our patients were treated with 62 patients, 2D con-
formal RT until 2010, and then 22 patients, three-
dimensional conformal RT. Prior to RT, all patients
underwent simulation. Four patients were treated
with 20 Gy in 10 fractions and 80 patients were
treated with 8 Gy in a single fraction. RT was de-
livered with 6-18 MV linac photons’ to anterior-
posterior/posterior-anterior isocentrically arranged
portals.

Follow-up

After 1 month of RT, the patients’ were clinically
examined and their complete blood test and direct
radiography were performed. Patients had routine
follow-up appointments at 3 months, 6 months, 9
months, and 1 year from after the first check. Ra-
diological assessments were performed according
to ossification degree (0-4 points) by using Brook-
er’s Grading Scale. Computerized tomography of
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the joint was applied when considered clinically
requirement.

Statistical Analysis

The obtained data were subjected to the statistical
analysis by using the SPSS 16.0 software. Chi-
square test was used to compare the results of HO
treatment in the different groups (age, gender).
Correlation of Brooker classification based on ra-
diation dosage, as well as immediate postoperative
Brooker score with risk of progression, and for the
prevention of HO, we also compared the efficacy
of duration between surgery and radiotherapy, was
performed with Fisher’s exact test. All tests were
considered statistically significant at p< 0.05.

RESULTS

Eighty-four patients have participated in the study.
47 (56%) of the patients were male and 37 (44%)
were female. The mean age was 50.4 + 14.1 (range:
17-82) years. According to the RT fields; right hip
joint 35 (42%), left hip joint 33 (40%), bilateral
hip joint 2 (2%), right elbow 10 (11%) and left el-
bow 4 (5%).Ten patients were treated with 1 x 800
cGy and 4 patients were treated with 10 x 200cGy
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RT. The mean follow-up period was 104.6+68.4
months (range: 3-204). HO developed in one pa-
tient (7% (1/14)) who underwent radiotherapy in
elbow area 180 months later and treated with sur-
gery.

The mean age of the upper extremity patients was
36.3 £ 12.6 years (range: 17-56) and 10 patients
were male and 4 were female. HO 13 (15%) was
caused by trauma in the patient and 1 (1%) was due
to osteoarthritis in the patient. The mean time from
trauma to surgery was 11.4 + 20.6 months (range:
1-75) and the mean time between surgery and RT
application was 46 + 26 hours (range: 24-96). 10
patients were treated with 1x800cGy and 4 pa-
tients were treated with 10x200cGy RT. The mean
follow-up period was 104.6+68.4 months (range:
3-204). Of these 14 patients, 1(7%) patient devel-
oped new HO after RT in elbow area 180 months
later and treated with surgery.

All of the lower extremity patients were received
total hip arthroplasty. Immediate postoperative
radiograph Brooker score was evaluated to assess
association with risk of progression and high-risk
patients of developing HO were identified. RT
was given postoperatively. The indications for RT
were; 1 (1%) ankylosing spondylitis, 6 (7%) con-
genital hip dislocation, 1 (1%) diabetes mellitus, 1

Table 1. Patient characteristics and results of log-rank univariate analysis of risk of HO
Elbow Hip Joint p value
Patient number (n, %) 14 (16) 70 (84) -
Age (mean) 36 (17-56) 53 (27-82) 0.158
Sex (n, %)
Male 10 (12) 37 (44) 0.319
Female 4 (4) 33 (40)
Risk factors (n, %)
Trauma 13 (15) 3 (4)
|diopatic skeletal hyperostosis - 48 (57) 0.167
Contralateral total hip arthroplasty - 6 (7%)
Congenital hip dislocation - 6 (7%)
Others 1(1) 709
Time between surgery and RT (hour) 46 (3-204) 33.7 (24-96) 0.469
RT Dose (n, %)
1x800 cGy 10 (12) 70 (84) 0.502
10x200 cGy 4 (4) -
HO incidence (n, %) 1(1) 8 (10)
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(1%) osteoarthritis, 1 (1%) rheumatoid arthritis, 1
(1%) osteomyelitis, 6 (7%) contralateral total hip
arthroplasty, 3 (4%) trauma story, 2 (3%) extrem-
ity shortening and 48 (57%) previous surgery on
ipsilateral side. 35 (42%) were affected by right
hip joint, 33 (40%) by left hip joint and 2 (2%) pa-
tients by bilateral hip joint. Except for 3 patients,
the mean time between surgery and RT was 33.7 +
21.5 hours (range: 24-96), while the other patients
were approximately 7 days. All patients received
1 x 800 cGy RT. Mean follow-up time was 95.1
+ 39.4 months (range: 3-162). Of these 70 hip pa-
tients, 8 (11%) patients developed new HO af-
ter RT and required re-excision after a mean of
35.3+34.5 months (range: 4-96).

One patient was diagnosed with non-small cell
lung cancer 13 months later and 1 patient was diag-
nosed with bladder cancer 37 months later. After a
median follows up of 104 and 95 months for elbow
and hip, respectively, the incidence of HO in all
patients was 7% (1/14) and 11% (8/70), despite the
use of RT. When all patients are examined; there
were no association between HO incidence and
gender (p= 0.319), age (p= 0.158), etiology (p=
0.167), disease area (p= 0.532), RT technique (p=
0.502) and the time between surgery and radiother-
apy (p=0.469) (Table 1). No early or later side ef-
fects were observed in both elbow and hip patients.

DISCUSSION

This study presents our Department’s experience
of postoperative RT for the prevention of HO af-
ter surgery. Although the pathophysiology of HO
has not yet been fully elucidated, it has been re-
ported that a metaplastic response of mesenchymal
cells may result.> Development of heterotopic os-
sification is a typical complication after total hip
replacement.

Several contributory factors for HO formation
have been reported. Male gender, hypertrophic os-
teoarthritis, previous surgery on the ipsilateral side,
ankylosing spondylitis, tissue hypoxia, a history of
post-traumatic arthritis with prominent osteophyte
formation, hypercalcemia, prostaglandin activity
specifically PGE2, and imbalances between para-
thyroid hormone and calcitonin activities, altera-
tions in sympathetic nerve activity and past HO
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have all been shown to contribute.'” In our study,
the ratio of male to female was 1/1.3 and the most
common causes were previous surgery on the ip-
silateral side, trauma, congenital hip dislocation
and contralateral total hip arthroplasty. Eggli et al.
showed a correlation between the incidence of HO
and age and gender.!* However gender was no rel-
evant variable in our study.

The importance of postoperative irradiation for
prevention of HO was shown initially by Coventry
in 1981 and was investigated by many studies.'
Several studies showed the same effectiveness for
single and multifractionated irradiation.'>!® Single
fraction irradiation is less demanding due to the
possibility of causing late radiation fibrosis theo-
retically. Furthermore, there has been no descrip-
tion of late fibrosis to date in studies applying RT
for prevention of HO and it is more economical.'”!®

Prophylaxis includes RT and NSAIDs is more im-
portant than treatment in HO. It is estimated that
surgery process stimulates mesenchymal cells pre-
sent in the soft tissue to transform into osteoblasts,
peaking around 32- 48 hours postoperatively,"
which prevents this conversion of RT and it is the
only prophylaxis method that can be administered
locally. Although acute side effects are minimal
with RT, the possible carcinogenic risks of RT
are always an important concern in the treatment
of benign disorders.?

RT is used both prophylactically pre- and post-
operatively. Many studies have shown that in both
high-risk patients the HO risk is reduced by 80-
90% to 10%. However, the greatest advantage of
preop care is increased patient comfort, ease of
treatment and prevention of possible postoperative
complications due to the patient’s posture and post-
operative period. In a study performed, preop and
postop could not compare because pre-operative
treatment was not applied. In conclusion, preop-
erative RT should be applied within 4 h prior to
surgery or postoperatively within 96 h after sur-
gery.'" In our study, 96% of our patients underwent
post-op RT within the first 96 hours after surgery.

In a study from Cleveland Clinic, 36 patients who
underwent surgical and postoperative single frac-
tion RT to the elbow were reported.”’ After treat-
ment, only 3 (8%) of the patients found that they
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had developed a new HO. In our study, the HO risk
after elbow joint RT was found to be 7%. On the
other hand postoperative single fraction RT was
found to increase fracture union rate to reduce the
risk of HO formation after trauma to the elbow
joint.?

A study which evaluated 44 patients who under-
went RT after surgery to the elbow, was conducted
by Rush University in 2011. In a 136-day follow-
up, 21 (48%) of the patients found HO to develop.?

Comparing single or multiple fractions, Pellegrini
et al.** the patients divided them into 1 x 8Gy and
2 x 5 Gy arms. There was no difference between
them. Knelles et al.>> compared 1200/4 cGy with
700/1 cGy and 500/1 cGy. As a result, they found a
statistically significant difference in the prevalence
of HO in 1 x 5 Gy arm. In our study, we could not
compare fraction schedules because there were not
enough and an equal number of patients in treat-
ment arms

Coventry et al. noted that prophylactic treatment
for HO by irradiating the hips of 42 patients who
underwent hip surgery. Patients who were identi-
fied as high risk for HO formation. were treated
with a total dose of 20 Gy. HO incidence after the
total hip replacement was reported as 19%.% In
another study, the incidence of HO was found to
be 21.6% in general, and 6.6% in NSAID users,
regardless of NSAID use.” Evan et al. also report-
ed that heterotopic bone was formed in only 27%
with RT, 37% with indomethacin and 12% with RT
plus indomethacin.” In our study, we detected only
11% of hip patients with RT.

Radiation-induced second malignancies are one of
the critical components of RT and have an impact
on optimal treatment decision-making. The evi-
dence for the magnitude of this risk is limited by
the small number of long-term studies in relevant
clinical cohorts. Furthermore, there have been no
documented cases of cancers resulting from RT af-
ter prophylaxis against HO. Kim et al. documented
the records of patients who developed a radiation-
induced sarcoma over a 50-year period and found
no cases of soft tissue or bone sarcomas in patients
who received less than 30 Gy.* During our past
20-year clinical experience no second malignan-
cies related to RT were observed.
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The capacity of our study includes its relatively
large pattern size comprising known high-risk pa-
tients. Our study has some limitations. First, it was
a retrospective study conducted at a single center,
thereby requiring caution while interpreting the
results. Second, this retrospective report includes
patients treated in the 20-year period. During this
period, the imaging modalities and RT techniques
improved, which may have resulted in selection
bias and advances in surgical technique may affect
the rate of HO formation.

CONCLUSION

RT prophylaxis after surgery used as a safe and
effective treatment for hip and non-hip sites. Al-
though postoperative single-dose RT is an accept-
able treatment for the HO prophylaxis, there is a
need for further clinical trials with a larger sample
size that assess the effectiveness and adverse ef-
fects of prophylactic RT in HO. The long term re-
lationship with secondary malignancies should be
considered.

REFERENCES

1. Shimono K, Tung WE, Macolino C, et al. Potent inhibition of
heterotopic ossification by nuclear retinoic acid receptor-y
agonists. Nat Med 17: 454-460, 2011.

2. Pittenger DE. Heterotopic ossification. Orthop Rev 20: 33-39,
1991.

3. Mayadagli A, Bulut G, Ekici K. Heterotropik ossifikasyon ve
tedavi yaklasimi. J Kartal TR 23: 49-55, 2012.

4.  Roth KE, Salzmann G, Maier GS, et al. Risk factors for het-
erotopic ossification and spur formation after total knee ar-
throplasty. Arch Orthop Trauma Surg 134: 991-996, 2014.

5. Milakovic M, Popovic M, Raman S, et al. Radiotherapy for the
prophylaxis of heterotopic ossification: a systematic review
and meta-analysis of randomized controlled trials. Radiother
Oncol 116: 4-9, 2015.

6. Vavken P, Dorotka R. Economic evaluation of NSAID and ra-
diation to prevent heterotopic ossification after hip surgery.
Arch Orthop Trauma Surg 131: 1309-1315, 2011.

7. Popovic M, Agarwal A, Zhang L, et al. Radiotherapy for the
prophylaxis of heterotopic ossification: a systematic review
and meta-analysis of published data. Radiother Oncol 113:
10-17, 2014.

8. Avyers DC, Pellegrini JVD, Evarts CM. Prevention of hetero-
tropic ossification in high risk patients by radiation therapy.
Clin Orthop Relat. Res 263: 87-93, 1991.

121



International Journal of Hematology and Oncology

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

122

Balboni TA, Gobezie R, Mamon HJ. Heterotopic ossification:
pathophysiology, clinical features, and the role of radiother-
apy for prophylaxis. Int J Radiat Oncol Biol Phys 65: 1289-
1299, 2006.

Seegenschmiedt MH, Keilholz L, Martus P, et al. Prevention
of heterotopic ossification about the hip: final results of two
randomized trials in 410 patients using either preoperative or
postoperative radiation therapy. Int J Radiat Oncol Biol Phys
39: 161-171, 1997.

Childs HA, Cole T, Falkenberg E, et al. A prospective evalua-
tion of the timing of postoperative radiotherapy for preventing
heterotopic ossification following traumatic acetabular frac-
tures. Int J Radiat Oncol Biol Phys 5: 1347-1352, 2000.

Board TN, Karva A, Board RE, et al. The prophylaxis and
treatment of heterotopic ossification following lower limb ar-
throplasty. J Bone Joint Surg Br 89: 434-440, 2007.

Rumi MN, Deol GS, Singapuri KP, et al. The origin of os-
teoprogenitor cells responsible for heterotopic ossification
following hip surgery: an animal model in the rabbit. J Orthop
Res 23: 34-40, 2005.

Coventry MB, Scanlon PW. The use of radiation to discour-
age ectopic bone. J Bone Joint Surg 63: 201-208, 1981.

Lo TCM, Healy WL, Covall DJ, et al. Heterotopic bone forma-
tion after hip surgery: Prevention with single-dose postopera-
tive hip irradiation. Radiology 168: 851-854, 1988.

H. Pellegrini VD, Konski AA, Gastel JA, et al. Prevention of
heterotopic ossification with irradiation after total hip arthro-
plasty. J Bone Joint Surg 74: 186-200, 1992.

Knelles D, Barthel T, Karrer A, et al. Prevention of heterotopic
ossification after total hip replacement. A prospective, ran-
domised study using acetylsalicylic acid, indomethacin and
fractional or single-dose irradiation. J Bone Joint Surg Br 79:
596-602, 1997.

Gillette EL, Mahler PA, Powers BE, et al. Late radiation injury
to muscle and peripheral nerves. Int J Radiat Oncol Biol Phys
31: 1309-1318, 1995.

lorio R, Healy WL. Heterotopic ossification after hip and knee
arthroplasty: risk factors, prevention, and treatment. J Am
Acad Orthop Surg 10: 409, 2002.

Mourad WF, Packianathan S, Shourbaji RA, et al. Radiation-
Induced Sarcoma Following Radiation Prophylaxis of Hetero-
topic Ossification. Practical Radiation Oncology 2: 151-154,
2012.

Robinson CG, Polster JM, Reddy CA, et al. Postoperative
Single-Fraction Radiation for Prevention of Heterotopic Ossi-
fication of the Elbow. International Journal of Radiation Oncol-
ogy, Biology, Physics 77: 1493-1499, 2010.

22.

283.

24.

25.

26.

27.

28.

29.

Hamid N, Ashraf N, Bosse MJ, et al. Radiation therapy for
heterotopic ossification prophylaxis acutely after elbow trau-
ma. J Bone Joint Surg Am 92: 2032-2038, 2010.

Strauss JB, Wysocki RW, Shah A, et al. Radiation Therapy
for Heterotopic Ossification Prophylaxis after High-Risk El-
bow Surgery. American Journal of Orthopedics 40: 400-405,
2011.

Pellegrini VD, Gregoritch SJ. Preoperative irradiation for pre-
vention of heterotopic ossification following total hip arthro-
plasty. J Bone Joint Surg Am 78-A: 870-881, 1996.

Knelles D, Barthel T, Karrer A, et al. Prevention of heterotopic
ossification after total hip replacement. A prospective, ran-
domised study using acetylsalicylic acid, indomethacin and
fractional or single-dose irradiation. J Bone Joint Surg Br 79:
596-602, 1997.

Craven PL, Urist MR. Osteogenesis by radioisotope labelled
cell populations in implants of bone matrix under the influ-
ence of ionizing radiation. Clin Orthop Relat Res 76: 231-243,
1971.

Mourad WF, Packianathan S, Ma JK, et al. Computerized
tomography-based radiotherapy improves heterotopic ossi-
fication outcomes. Bone 57(1): 132-136, 2013.

Baird EO, Kang QK. Prophylaxis of heterotopic ossification an
updated review. J Orthop Surg Res 4: 12, 2009.

Kim JH, Chu FC, Woodard HQ, et al. Radiation-induced soft
tissue and bone sarcoma. Radiology 129: 501-508, 1978.

Correspondence:
Dr. Mustafa KANDAZ
Karadeniz Teknik Universitesi

Tip Fakultesi

Radyasyon Onkolojisi Anabilim Dali
TRABZON / TURKEY

Tel:

(+90-532) 733 29 09

Office phone: (+90-462) 377 55 95
e-mail: mkandaz61@gmail.com

UHOD nNumber: 2 Volume: 29 Year: 2019



