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Heterotopic ossification of the shoulder joint following
spinal cord injury: an analysis of 21 cases after single-dose
radiation therapy

M Citak1, D Grasmücke1, O Cruciger2, M Königshausen2, R Meindl1, TA Schildhauer2 and M Aach1

Study design: Retrospective chart review.
Objectives: Heterotopic ossification (HO) affecting the hips is a common complaint of patients suffering traumatic spinal cord injury.
However, the incidence of HO of the shoulder is considerably rare. In this context, we report on our results of 13 patients with a total of
21 cases of shoulder HO and single-dose radiation therapy.
Setting: Department of Spinal Cord Injury and Department of General and Trauma Surgery, BG-University Hospital Bergmannsheil
Bochum, Ruhr-University Bochum, Germany.
Methods: The study group consists of 12 male and 1 female patient with a mean age of 55.5 years (range from 24 to 81 years;
s.d.=14.5). Primary outcome measures were defined as the number of HO relapses and the number of side or adverse effects in
relation to the radiation therapy.
Results: At the time of latest follow-up during hospitalization, the mean shoulder flexion was 92.1° while mean abduction was 94.5°.
The average external rotation was 26.4°. No HO recurrence occurred and none of the patients suffered any adverse effects related to
radiation therapy.
Conclusions: In conclusion, single-dose radiation therapy in the treatment of shoulder HO due to spinal cord injury is an effective and
reliable method, although the risk of secondary side effects related to the radiation therapy remain unknown.
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INTRODUCTION

Heterotopic ossification (HO) of the hips is a common complication
after traumatic spinal cord injury (SCI).1–3 In contrast, neurogenic HO
of the shoulder joint is a relatively rare clinical condition.1,2,4 Genet
and colleagues reported in a survey of 579 cases about their
experiences of HO subsequent to central nervous system injuries.2

In this large cohort, the incidence of shoulder HO was 3.5%. In a trial
by Sautter-Bihl et al.,4 the reported incidence of neurogenic shoulder
HO was even lower with 2% in a cohort of 55 patients. Higher
incidence of shoulder HO up to 4.9% subsequent to SCI have been
reported by Citak et al. in a cohort of 132 patients.1

The minor occurrence of shoulder HO yields to a lack of evidence
and/or literature analyzing the different therapy regimen. Recently,
Pansard et al., reported on results of surgical intervention in a series of
19 shoulder HO cases in 16 patients after central nervous system
injuries. In this particular group, patients developed troublesome
shoulder HO after a mean time interval of 5.3 years post injury.5

Despite the reported good clinical outcomes reported by Pansard et al.,
surgical treatment may also be accompanied by intraoperative
complications due to iatrogenic lesions of nerves and vessels.5 There-
fore, early diagnosis of HO is crucial to avoid joint ankylosis and
surgical intervention. In this context, we report on our screening and
treatment regimen in SCI patients with shoulder HO

MATERIALS AND METHODS
All SCI patients receiving treatment for shoulder HO with single-dose radiation
therapy between January 2003 and December 2013 were included in this
retrospective study. All patients being under age and/or without single-dose
radiation therapy were excluded. Thirteen patients with a total of 21
manifestations of shoulder HO met the inclusion criteria for final analysis.
Diagnosis of HO was accomplished using our standardized hospital protocol.

According to the protocol patients are screened biweekly by ultrasound
examinations of the hip and shoulder joints by our experienced radiologists.
In case of suspicious for HO, the presumptive clinical diagnosis were confirmed
with either computed tomography or magnetic resonance imaging. The extent
of HO was classified according to the Brooker classification system.6 All patients
with confirmed diagnosis received single-dose radiation therapy in cooperation
with the radiation clinic.

Data collection and outcome measures
The patient medical records provide the following information: age, gender,
time interval of SCI and HO onset (in days), time interval of HO diagnosis and
treatment with single-dose radiation therapy (in days), follow-up examination
before discharge (in days) and site of HO localization. Primary outcome
measures were the number of HO recurrences and number of side effects
related to the radiation therapy. Relapse of HO was defined as the requirement
of repeated radiation therapy due to HO progression. Only patients with
clinical signs for HO are screened for HO recurrence using ultrasound
examination or magnetic resonance imaging/computed tomography scan.
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Descriptive statistics are presented in the form of number of occurrences and
percentage, or mean, s.d. and range. All data were processed using software
(Graph Pad Prism version 5.0d, La Jolla, CA, USA).

RESULTS

The patient collective consists of 12 male and 1 female patient with a
mean age of 55.5 years (range from 25 to 81 years; s.d.= 14.5).
The majority of the patients were tetraplegic (n= 11) and had
an ASIA A lesion according to the American Spinal Injury Association
(ASIA) Impairment Scale (AIS).7 Regarding concomitant injuries,
only two patients suffered injuries around the shoulder joint
(Table 1).
After a mean time interval of 71.7 days (range from 24 to 142 days;

s.d.= 40.0) post SCI, shoulder HO occurred. In eight patients both
shoulder joints were affected, while unilateral shoulder HO occurred
in five patients. According to the Brooker classification, the two
patients (n= 3) with concomitant injuries around the shoulder joints,
had a Brooker IV. The remaining 15 cases had Brooker I and 3

patients were classified as Brooker II. All patients were treated with
single-dose radiation therapy after a mean time interval of 4.5 days
(range from 1 to 12 days; s.d.= 3.2) after HO diagnosis (Table 2). In
majority of cases (10 cases, 47.6%) single-dose radiation therapy was
performed with 7 Gy and 15MV. In eight cases (38.1%) 7 Gy and
6MV were administered. The remaining two patients were treated
with 6 Gy and 10MV.
At the final examination before discharge, with a mean follow-up

time period of 88.8 days (range from 30 to 198 days; s.d.= 55.9),
average shoulder flexion was 92.1° (range from 40 to 150°; s.d.= 30.0)
and mean abduction was 94.5° (range from 45 to 140°; s.d.= 26.7).
Mean external rotation was 26.4° (range from 10 to 40°; s.d.= 10.9).
No HO relapse occurred and none of the patients suffered any adverse
effects related to the radiation therapy.

DISCUSSION

This is the first study reporting about the results of single-dose
radiation therapy in the treatment of neurogenic shoulder HO in
patients with acute SCI. As Pansard et al. reported, surgical resection,
especially in the shoulder joint due to the anatomic relation to vessels
and nerves, may lead to intra- and postoperative complications.5

Therefore, early diagnosis of HO is crucial to avoid joint stiffness
and further surgical intervention.
In our study, we were able to achieve acceptable clinical results with

single-dose radiation therapy. This may be accomplished by our
standardized hospital protocol to diagnose HO in an early stage.
Despite the standardized protocol, in three cases Brooker classification
IV occurred. This most likely may be related to the fact that our spinal
cord department is a tertiary referral center. Admission to our hospital
subsequent to initial treatment is in some cases delayed.
As reported by Pansard et al., HO recurrence did not occur in our

series. None of the patients suffered any side effects or complications
related to the radiation therapy. However, it must be mentioned, that
possible secondary side effects of radiation therapy may theoretically
be possible. At this point, there exist no data reporting on the
secondary side effects following radiation therapy in the treatment of
HO in SCI patients, since the latency for tumor induction of radiation
therapy is up to 27 years.8,9 Primary side effects after radiation therapy
in the treatment of neurogenic HO have not been reported in the
literature yet.4,10,11

Table 1 Demographic data and detailed information about concomitant injuries of patients with shoulder HO

Patient Gender Age ASIA impairment scale Neurological level of injury Concomitant injuries

1 M 42 A C5 None

2 M 49 C C7 Thoracic trauma and bilateral humerus head fracture

3 M 52 A C6 Thoracic trauma

4 M 63 A C6 None

5 M 63 A C5 Subarachnoid hemorrhage

6 M 75 A C6 None

7 M 59 C C5 Thoracic trauma

8 M 48 A C5 None

9 F 62 A Th4 Thoracic trauma and craniocerebral trauma

10 M 50 A Th7 Craniocerebral trauma

11 M 81 A C5 Thoracic trauma

12 M 25 C C5 Thoracic trauma and craniocerebral trauma

13 M 53 B C3 Thoracic trauma and right clavicle fracture

Abbreviations: F, female; HO, heterotopic ossification; M, male.

Table 2 Detailed information of time interval of developing HO after

SCI and time interval of detecting and treatment with single-dose

radiation therapy of HO. The table also reveals the HO localization

side

Patient Time interval between SCI and

development of shoulder HO

Affected

side

Time interval between

detecting and treatment (d)

1 30 Bilateral 5

2 51 Left 4

3 136 Bilateral 2

4 142 Bilateral 12

5 82 Bilateral 2

6 69 Right 3

7 131 Bilateral 2

8 64 Bilateral 1

9 24 Right 7

10 50 Bilateral 4

11 48 Bilateral 9

12 43 Right 5

13 62 Right 3

Abbreviations: HO, heterotopic ossification; SCI, spinal cord injury.
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Unfortunately, due to our sample of patients with severe impair-
ments subsequent to SCI, it was not possible to use an established
shoulder score such as constant or disabilities of the arm, shoulder and
hand questionnaire score. Further limitations of the study are those
related to the retrospective study design and the short follow-up time
interval. A major limitation of the study is that only patients with
clinical signs for HO were screened for HO recurrence. Therefore,
patients who did not screen for HO recurrence could have theoreti-
cally HO and were in the non-HO recurrence group.
Despite those limitations, we could achieve acceptable clinical

results using single-dose radiation therapy in the treatment of early
HO of the shoulder joint. Using this method, we were able to
treat all patients conservatively and could avoid the necessity of
surgical resection with concomitant possible intra- or postoperative
complications.
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