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HETEROTOPIC OSSIFICATION IN TRAUMATIC BRAIN INJURY

TRAVMATIK BEYIN HASARINDA HETEROTOPIK OSSIFIKASYON

Meltem Dalyan MD*, Ayse Kaya MD,* Fatma Berk MD*, Aytil Caker MD*

*  Ankara Physical Medicine & Rehabilitation Center
* Ankara Numune Hospital, Nuclear Medicine Clinic

SUMMARY

Heterotopic ossification (HO) is one of the musculoskeletal complications seen in traumatic brain injured (TBI) patients. This prospective study had two main
aims; (1) to elucidate the occurrence and distribution of HO in TBI patients and its effect on rehabilitation process, (2) to test the utility of triple-phase bone
scans compared with plain-film x-rays in the assessment of HO in TBI patients. HO incidence was found to be 71.9% and the most common location was the
hips. Of the 45 joints with HO 26 (57.8%) showed motion restriction. There were no correlation between the presence of HO and age, time since injury, and
spasticity. Although it did not reach statistical significance the length of coma was longer in patients with HO. The length of coma in patients with and without
HO was 49.6+55.2 and 43.8+38.7 days, respectively. When the effect of HO on the rebabilitation process and functional gains was analyzed, no difference was
seen in patients with HO but it was obvious that functional gains decreased with the increasing number of HO in each patient. Our data suggest that HO is an
important complication after TBI and the lack of its early diagnosis and treatment increases the progressive motion limitation. Additionally, iriple-phase bone
scans which is commonly used in the early diagnosis of HO might be used in patients with rather longer time since TBI to assess the distribution of HO.
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OZET

Heterotopik ossifikasyon (HO) travmatik beyin hasarinda (TBH) siklikla goriilen kas-iskelet sistemi komplikasyonlarmdandr. Bu cahsmada, klinigimizde izle-
digimiz TBH olgularmda HO sikhgmi ve yayginhgini karsilastirimaly olarak 3-fazh tiim viicut kemik sintigrafisi ve direk radyografilerle arastirdik. HO gelisi-
minde etkili faktdrleri ve bu komplikasyonun rebabilitasyon programi tizerine olan etkilerini belirlemeyi amagladik. Calisma grubumuzda HO sikhgr %71.9
olarak belirlendi. En sik kalcalarda olmak tizere toplam 45 bilgede HO saptands. Bes eklem bolgesi diginda kemik sintigrafisi ile HO belirlenen eklemlerin ta-
mami radyografilerle dogrulands. HO saptanan 45 bolgenin 26" sinda hareket kisitlihg oldugu goriildii. HO varhgy ile yas, hastalik stiresi ve spastisite arasim-
da iliski saptanmads. Koma siiresi istatistiksel olarak anlamh olmasa da HO gelisen hastalarda daha uzundu. Koma siiresinin ortalamas: HO saptanan ve sap-
tanmayan gruplarda swrasiyla 49.6£55.2 ve 43.8+38.7 giin olarak belirlendi. Bu komplikasyonun rebabilitasyon programi ve kazammlar iizerine olan etki-
leri incelediginde HO, gelismis olan hastalarda anlaml farkliiklar saptanmadi, ancak ber hastada artan HO sayisiyla beraber fonksiyonel kazanimlarn azal-
digi dikkati cekmekteydi.

Heterotopik ossifikasyon TBH olgularmda karsilagilan énemli bir sorundur ve ozellikle agur beyin hasarma ugranus kisilerde daba sik goriilebilmektedir. Erken
ddnemde tani ve tedavisinin gerceklestirilmemesi eklem hareket kisulhiligi riskini artirmaktadyr. Gok erken donemde tant amaciyla kullanilmasi onerilen 3-faz-
It kemik sintigrafisi, ge¢ donem olgularinda da HO yayginhgin belirlemede wygun bir yontem olarak goziikmektedir.

Anahtar sozciikler : Travmatik beyin hasar, heterotopik ossifikasyon

INTRODUCTION the life threatening issues, several musculoskeletal problems

such as neurogenic heterotopic ossification (HO), skeletal

Advances in trauma care have improved survival from severe
traumatic brain injury (TBI) and this has increased the num-
ber of survivors. These patients present the rehabilitation
physician and the team with problems that are unique in reha-
bilitation medicine. As the main focus during the immediate
management of TBI patients in the acute care facilities is on

trauma and fractures, or soft tissue trauma might remain
undetected. Heterotopic ossification was first described by
Dejerine and Ceillier in 1918 in paraplegic patients injured
during World War I (1). They referred to the process as paraos-
teoarthropathy. Since then several terms have been used to
describe this condition, including heterotopic ossification,
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ectopic ossification, myositis ossificans, and neurogenic
ossification (1). HO is the formation of mature lamellar bone
in soft tissues. HO formation has been reported in TBI, spinal
cord injury, stroke, poliomyelitis, myelodysplasia, carbon
monoxide poisoning, spinal cord tumors, tabes dorsalis,
syringomyelia, tetanus, and multiple sclerosis. It has also been
reported after burns and total hip replacement (2,3). The
specific cause and pathophysiology of HO is unclear. It was
reported that HO is due to an interaction between local
factors (pool of available calcium in adjacent skeleton,
soft- tissue edema, vascular stasis, tissue hypoxia, mesenchy-
mal cells with osteoblastic activity) and an unknown systemic
factor or factors. The basic defect in HO is the inappropriate
differentiation of fibroblasts to bone forming cells. Histologic
examination demonstrates that this process differes from soft
tissue calcification because it is true osteoblastic activity and
bone formation as opposed to deposition of calcium seen in
calcific tendinitis (1,4,5).

This prospective study had two main aims; (1) to elucidate the
occurrence and distribution of HO in TBI patients and its
effect on rehabilitation process, (2) to test the utility of triple-
phase bone scans compared with plain-film x-rays in the
assessment of HO in TBI patients.

PATIENTS AND METHODS

Thirty-two (4 female, 28 male) consecutive TBI patients
admitted to Ankara Physical Medicine & Rehabilitation Center
during one year period were studied. The patients were
analyzed as to the duration of coma, time since TBI,
admission Rancho Level of Cognitive Status (6), duration of
rehabilitation stay, presence of spasticity, contracture, and
extremity fractures. Functional status of all patients were eval-
uated by Functional Independence Measure (FIM) (7) both at
admission (FIM 1) and discharge (FIM 1I). Total FIM | motor
FIM and motor FIM gains (FIM 1 subtracted from FIM D)
results were used in the analysis. Triple-phase bone scans
(Tc99mMDP) were done in all subjects within one month of
their admission to our center. Increased uptake in the first and
second phases of the scan were considered as positive for HO
(1). Scan findings were correlated with plain x-rays to rule out
fracture and other pathology. X-rays of abnormal areas on
scan as well as the x-rays of joints with decreased range of
motion (ROM) on clinical examination were taken in each
patient.

Correlation analysis, chi-square and t-tests were performed to
analyze the data. A statistically significant difference was
defined as p<0.05.

RESULTS

The mean age of 32 patients was 27.3+10.5. The mean
duration of coma was 40.4+50.3 days and the mean time since
TBI was 210.1£125 days. Rancho Level of Cognitive Status
assessments showed that our patients were at the recovery
stages between confused-agitated and purposeful-appropriate.
Functional assessments of the patients at the beginning and at
the end of the rehabilitation program are presented in Table I.
A paired t-test for related samples revealed significant levels
of improvement in total and motor FIM sores from admission
to discharge. The mean rehabilitation stay was 96.4+54 days.

Table I: Functional improvement between admission and

discharge (n:32)
Variables Minimum Maximum Mean Std.Deviation
Total FIM I 18 126 59.6 282
Total FIM IT 34 126 763 248
Motor FIM I 13 91 38.2 20.8
Motor FIM IT 12 04 50 20.7

Motor FIM gain 0 05 11.2 14.8

Comparisons were done between total FIM I-II, and motor FIM I-1I
Total FIM I, p<0.001, (t: -4.57, df: 30)
Motor FIM I-1I, p<0.001, (t: -4.23, df: 30)

Twenty-three (23/32; 71.9%) patients were found to have HO
at 45 locations. Of the 45 sites with HO found by scan, X-ray
or both; the hips were the most commonly affected (16 of 45,
35.5%), followed by knees (10 of 45, 22.2%), shoulders (10 of
45, 22.2%), and elbows (5 of 45, 11.1%). Figure 1 shows bone
scan images of a patient with HO in both hips and left knee.
We found limitation in ROM in 26 of 45 (57.8%) sites with HO.
Nineteen joints did not show decrease in motion. All patients
with documented HO received ROM exercises by physical
therapy and etidronate were started in acute or subacute
patients. Surgical resection was suggested in one patient.
Bone scanning revealed 5 HO sites which were not detectable
by radiographs and only one of these 5 joints had limitation
of ROM.
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Figure 1. Bone scan showing increased radiotracer uptake in both
hips and left knee

There were 14 extremity fractures in the study group but only
in four patients coexisting fracture was the major causative
factor in the development of HO. There were no significant
relationship between the presence of HO and age, time since
TBL, or spasticity. Although it did not reach statistically sig-
nificant difference the length of coma in patients with HO was
longer than the patients without HO. The length of coma in
patients with and without HO was 49.6£55.2 and 43.8438.7
days, respectively. Motor FIM and total FIM gains and duration
of rehabilitation stays were not found to be significantly dif-
ferent in patients with or without HO. There was a negative
correlation between motor FIM gain and the number of HO in
each patient (= -0.31, p>0.05) Seventy percent of the patients
with HO had it at more than one site.

DISCUSSION

The reported incidence of HO in TBI patients varies. Garland
stated that in those patients who suffer severe trauma or insult
to the central nervous system, 10-20% develop clinically
significant HO (8). Mendelson et al. observed HO in 20% of
patients with severe brain injury (9). Other authors have
reported an incidence in head injured patients ranging from
11% to 76% (1). The wide variations in reports of incidence
in these studies most likely result from different criteria for

patient selection. Almost 72% of our study group were found
to have HO and 57.8% of HO sites were clinically significant
demonstrating ROM limitation. In general, only patients who
require long-term rehabilitation are referred to our center, so
that most of the patients in this study population are severely
injured and the mean duration of coma is quite long.
Therefore, we suspect that the high incidence of HO in this
study represents this condition. Inclusion of patients with min-
imum deficits might lower the HO incidence. Also most of our
patients were found not to have received passive ROM exer-
cises during their acute hospital stay accounting for the rela-
tively high occurrence of progressive contractures at HO sites.
Decreased range of motion is reported as the most common
complication of HO (1). Non-articular complications of HO
include vascular compression, peripheral nerve compression,
and lymphedema (10,11). These were not observed in our
study group.

The onset of HO usually manifest 4 to 12 weeks after the head
injury. Loss of ROM is the earliest sign of HO; other findings
include swelling, erythema, heat, and pain on range of
motion. Local tenderness and sometimes a palpable mass can
be detected in the periarticular area (1,2). During the acute
phase radiographs might be normal and triple phase bone
scanning detects early increase in vascularity and is a reliable
method of diagnosis (1,12). Radiographs may not become
positive until 2 weeks after the onset and sometimes it may
take as much as 2 to 3 months before there is a delineation of
bone from soft tissue (1). Alkaline phosphatase elevates early
but is not diagnostic because it can be elevated from other
factors such as multiple fractures and hepatotoxicity (13); we
did not report alkaline phosphatase levels here. In this study
bone scan were done on all patients and all sites of HO were
well correlated with plain x-rays. Five sites positive for HO by
bone scan were normal in X-rays and only one of them
caused motion restriction. These findings might suggest that it
may be practical to perform a bone scan survey for screening
the distribution of HO in patients even with rather longer time
since TBI like our patient group because it seems to be as
sensitive as plain x-rays, with less radiation. Additionally,
although the usefulness of identifying HO in asymptomatic
patients is unclear, early intervention in asymptomatic joints
may decrease the progression to a more severe and disabling
degree of motion restriction.
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Clinical factors effecting the occurrence of HO have been
studied before. Sazbon et al. noted that the development of
HO is independent of sex and age, as well as, etiology of
injury, duration and outcome of coma but report an associa-
tion with the occurrence of coma (14). Hurvitz suggested a
cluster of factors; older age, longer coma, and poorer outcome
of TBI, could be associated with the formation of HO in
pediatric and adolescent patients (15). He did not identify
spasticity as risk factor for HO. In another study spasticity was
found as a risk factor based on the greater incidence of HO in
patients with spastic tetraparesis, and in the affected extremi-
ty with hemiparesis (8). In that study 89% of the involved
areas were in the spastic limbs. It was stated that extremity
fractures especially which go under open reduction and
internal fixation are significantly prone to develop HO (13).
Mital and coworkers hypothesized local trauma might be a
precipitating factor for HO formation (16). Extended
immobility resulting from multiple limb fractures coexisting
with TBI, longer lengths of coma, and poorer outcome was
emphasized as a primary etiologic factor (1). In our study,
coma seemed to be an important confounding variable and
prolonged immobilization without physical therapy was
present almost in all patients. Only, in four patients, a
coexisting fracture seemed to be a major causative factor in
the development of HO but we have to note that even frac-
tures distant from HO sites may contribute to the etiology
since presence of fractures generate a stimulus for bone repair
and formation (15).

Joint deformity from HO could result in significant functional
limitations, such as difficulty with hygiene, sitting, or ambula-
tion (13). Our analysis revealed that FIM gains lowered as the
number of HO in each patient increased. In clinical practice,
we also observed patients with complete ankylosis in their
hips or elbows who were not able to sit, walk or feed them-
selves although they had achieved a good motor and cogni-
tive improvement. Such patients might benefit from surgery.

Overall our data suggest that HO is an important muscu-
loskeletal complication after TBI and the lack of its early
diagnosis and treatment increase the morbidity associated
with it. We think that such complications might be lowered if
TBI patients are evaluated by the rehabilitation team early in
the course of their acute care.

10.

11.

12,

13.

14.

16.

REFERENCES

Varghese G. Heterotopic ossification. Phys Rehabil Clin North Am
1992; 3: 407- 415.

Garland DE. A clinical perspective on common forms of acquired
heterotopic ossification. Clin Orthop 1991; 203: 13-28.

Lal S, Hamilton BB, Heinemann A, et al. Risk factors for heterotopic
ossification in spinal cord injury. Arch Phys Med Rehabil 1989; 70:
387-390.

Banovac K, Gonzales F. Evaluation and management of heterotopic
ossification. Spinal Cord 1997; 35: 158-102.

Major P, Resnick D, Grenway G. Heterotopic ossification in paraple-
gia: A possible distutbance of the paravertebral venous plexus.
Radiology 1980; 136: 797-799 .

Bontke CF Boake C. Principles of brain injury rehabilitation. In
Braddom RL (ed): Physical Medicine & Rehabilitation, Philadelphia:
W.B Saunders, 1996: 1027-1051.

Procedures for scoring the functional independence measure (FIM).
Uniform Data System for Medical Rehabilitation: Guide for the
Uniform Data Set for Medical Rehabilitation (Adult FIM), version 4.0,
Buffalo, NY, State University of New York,1993.

Garland D, Blum C, Waters RL. Periarticular heterotopic ossification in
head injured adulis. Incidence and location. ] Bone Joint Surg 1980;
02A: 1143-1146.

Mendelson L, Grosswasser Z, Najenson T. Perfarticular new bone for-
mation in patients suffering from severe head injuries. Scand ] Rehabil
Med 1975; 7:141-145.

Varghese G, Williams K, Desmet A, et al. Nonarticular complication of
heterotopic ossification: A clinical review. Arch Phys Med Rehabil
1991; 72: 1009-1013.

Brooke MM, Heard DL, De Lateur BJ, et al. Heterotopic ossification
and peripheal nerve entrapment: Early diagnosis and excision. Arch
Phys Med Rehabil 1991; 72: 425-428.

Ozgiiven M, Giindiiz S, Tan AK, et al. Radiographic scintigraphic and
laboratory correlation in myositis ossificans: A prospective study.
Tr ] Medical Sciences 1994; 20: 233-237.

Djergaian RS. Management of musculoskeletal complications. In Horn
1J, Zasler ND (eds): Medical Rehabilitation of Traumatic Brain Injury,
Philadelphia: Hanley & Belfus 1996: 459-477.

Sazbon L, Najenson T,Tartakovsky M, et al. Widespread periarticular
new bone formation in long term comatose patients. J Bone Joint
Surg 1981;63B: 120-125.

Hurvitz EA, Mandac BR, Davidoff G, et al. Risk factors for heterotopic
ossification in children and adolescents with severe traumatic brain
injury. Arch Phys Med Rehabil 1992; 73: 459-462.

Mital MA, Garber JE, Stinson JT. Ectopic bone formation in children
and adolescents with head injuries: Its management. ] Ped Ortho
1987; 7: 83-90.




