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Compression of neurovascular structures from heterotopic ossification can result 
in neurological and vascular sequelae. Three cases of neurovascular compression 
due to heterotopic ossification illustrate the potential for neurovascular com
pression resulting from this condition and underscore the importance of recog
nising this uncommon, but notable complication following spinal cord injury. 
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Introduction 

Heterotopic ossification (HO) is a frequent 
complication following spinal cord injury 
(SCI). The occurrence in this population 
ranges from 16% to 53%, depending upon 
the study design and the methods of detec
tion employed.1-6 Although HO is often 
observed as an incidental finding on plain 
radiographs,4,6,7 progression of this condi
tion can result in significant restriction in 
joint motion and ankylosis.4,6,7,8-1O Other 
reported sequelae include the development 
of pressure ulcerations,11 painful arthro
SiS,12 and malignant transformation. 13 

Compression of nervous or vascular struc
tures by developing heterotopic bone has 
been reported following traumatic brain 
injury,11,14,17 femoral and acetabular frac
tures,18-20 muscle trauma,21 and extensive 
burns. 11,17,22,23 The occurrence of neuro
vascular compression in the SCI population, 
however, is exceedingly rare. The following 
case reports illustrate the potential for 
neurovascular compromise by heterotopic 
bone formation and permits discussion re
garding our experience with this uncommon 
complication. 

Case reports 

Case 1 
A 21 year old male hurled himself into a door 
on may 30, 1991 resulting in immediate incom
plete quadriplegia. He sustained a C6 burst 

fracture which required an anterior C6 corpec
tomy, a C5/C6 diskectomy, and an anterior 
interbody fusion using a right iliac crest bone 
graft. He was admitted for SCI rehabilitation 
approximately 2 weeks after injury. At the time 
of his admission, his diagnosis was C5 motor 
and sensory incomplete quadriplegia (Frankel 
D). By the end of the first week of rehabilita
tion, he was ambulating short distances. Ten 
days after admission, he noticed the onset of 
pain and burning paresthesiae in the anterior 
aspect of both thighs, increased with hip flex
ion. A 3-phase bone scan performed at that 
time showed a focal area of increased activity in 
the region of the right iliac crest donor site. 
The images of the hips were normal. Mild 
elevations in the serum alkaline phosphatase 
(116 units/liter) and SGOT levels were noted at 
that time. 

He actively participated in the rehabilitation 
program despite continued thigh pain and 
paresthesiae. The condition improved with low 
dosages of amitriptyline and his hip range of 
motion remained normal. However, on July 12, 
1991 he complained of significantly increased 
right thigh pain. This increased pain was associ
ated with an acute decrease in right quadriceps 
strength from a grade of 4/5 to 2/'1. There was 
additional loss of sensation in the femorai nerve 
distribution; no other motor or sensory abnor
malities were observed. Electromyography of 
the right lower limb demonstrated membrane 
irritability and loss of motor units in the fem
oral nerve distribution. The evoked potential 
elicited by proximal stimulation of the right 
femoral nerve was significantly decreased in 
comparison to that of the left. A computerized 
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axial tomography (CAT) scan of the pelvis was 
subsequently performed which demonstrated an 
irregular hypodense region of peripheral ossifi
cation within the enlarged right iliopsoas muscle 
that displaced the right femoral neurovascular 
bundle medially (Fig 1). There was a similar 
appearance within the left iliopsoas muscle to a 
much lesser degree. A follow up 3-phase bone 
scan obtained 12 days later demonstrated evid
ence of active HO involving the soft tissues 
about both femurs. The serum alkaline phos
phatase level was now markedly elevated (375 
units/Iiter). 

He was placed on indomethacin and under
went surgical exploration of the inguinal region 
in view of the deteriorating neurological status. 
During surgery, the bony roof above the fem
oral nerve was uplifted. He rapidly regained 
strength in the right quadriceps muscle to that 
level prior to the femoral nerve entrapment. By 
the time of discharge from rehabilitation, he 
was ambulating with the use of a cane. A 
repeat electromyographic examination per
formed in November 1991 showed decreased 
membrane irritability and a marked improve
ment in the number of motor units recruited. 
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There was still evidence of mild motor unit loss 
at that time. 

Case 2 
A 19 year old man suffered a SCI in February, 
1991 while mud sliding. Diagnostic work-up 
revealed a C6 compression fracture with C6 
complete quadriplegia. He underwent anterior 
fusion from C5 to C7. During his rehabilitation 
hospitalization, he developed HO of the right 
hip as seen on pelvic films. In August 1991, he 
developed severe perineal pain associated with 
temperature elevation and leukocytosis. A CAT 
scan of the abdomen and pelvis performed on 
August 25, 1991 demonstrated soft tissue swel
ling associated with heterotopic bone formation 
anterior to the acetabulum and femoral head 
bilaterally. Heterotopic bone formation was 
seen in the left iliacus muscle as well as in the 
soft tissues surrounding the right iliac crest. A 
mild degree of femoral vein compression was 
reported. In addition, bilateral pleural effusions 
wcre observed. A duplex B-mode ultrasound of 
the lower limbs was normal. His perineal pain, 
fevers, and leukocytosis resolved, but the 
pleural effusions remained unchanged in size 

Figure 1 Computerized axial tomography (CAT) scanning of a section of the pelvis. An irregular 
hypodense region of peripheral ossification is seen within the enlarged right iliopsoas muscle which 
displaces the right femoral neurovascular bundle medially (arrow). There was a similar appearance 
within the left iliopsoas muscle to a much lesser degree. 
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for the following 3 weeks. The pleural fluid 
collection was drained by thoracentesis on Sep
tember 6, 1991. The fluid was consistent with 
an eosinophilic effusion. 

Rehabilitation was continued, and he re
mained asymptomatic until 2 weeks later when 
he deveioped an episode of acute dyspnea and 
tachypnea. A ventilation-perfusion scan per
formed at that time indicated a high probability 
of a pulmonary embolus. Upon returning from 
the scan, he developed cardiopulmonary arrest, 
but was resuscitated immediately, and was 
transferred to the intensive care unit. A pul
monary angiogram revealed a large acute pul
monary embolus. An inferior vena cava filter 
was inserted and he was anticoagulated. He was 
readmitted in October of 1991 for completion 
of his rehabilitation without further complica
tions. 

Case 3 
Acute left lower limb swelling developed in a 
30 year old man with C6 complete quadriplegia 
in February, 1989. He was initially injured in a 
motor vehicle accident in 1980. His history was 
significant for a hospitalization in 1987 for acute 
right lower limb swelling. Contrast venography 
performed at that time showed no evidence of 
deep venous thrombosis. However, fixed nar
rowing of the common femoral vein due to 
extrinsic compression was noted; a subsequent 
CAT scan of the region confirmed the hirge 
soft tissues mass. A 3-phase bone scan was 
consistent with active HO of the right hip. 
Since that time, he has been experiencing inter
mittent episodes of bilateral lower limb swel
ling. 

In February 1989, he developed acute persist
ent swelling of the left lower limb. Contrast 
venography demonstrated a non thrombotic ob
struction at the level of the femoral vein associ
ated with thrombus involving the small collat
eral muscular branches (Fig 2). The study was 
repeated with the patient repositioned, at which 
time better filling of the femoral vein occurred. 
A follow up CT scan revealed diffuse swelling 
of the muscle groups of the left thigh with focal 
involvment of the left iliopsoas muscle. Hetero
topic bone was seen within the distal aspect of 
the left iliopsoas muscle; a 3-phase bone scan 
confirmed activity of HO involving both hips. 
Swelling subsequently resolved, and he has had 
no significant recurrence since that time. 

Discussion 

Despite the high incidence of HO following 
injury to the spinal cord,I-5 compression of 

neurovascular structures by ectopic bone is 
quite uncommon. The large level of inflam
mation and vascularity involved in this acute 
process more often mimics other serious 
conditions such as thrombophlebitis, septic 
arthritis, cellulitis, hemorrhage, and bony 
tumors.6.7,10,24,25 In an extensive review of 
literature, case reports of HO leading to 
compression of the pelvic plexus or peri
pheral nerves in patients with SCI were not 
identified. Compression of vascular struc
tures by HO was identified in only 3 patients 
with SCI. 17,26 Orzel et a[25 identified 2 cases 
of venous compression due to heterotopic 
bone confirmed by contrast venography, but 
they did not mention whether the patients 
had spinal injuries. 

The potential for compression of neuro
vascular structures by HO is illustrated in 
the 3 cases presented. The patient in case 1 
developed a proximal femoral nerve entrap
ment 6 weeks after he sustained a spinal 
cord injury. In case 2, ectopic bone was 
shown to compress the femoral vein as 
depicted during the CT scanning. Although 
duplex B-mode ultrasonography performed 
at the time was considered normal, the 
patient shortly thereafter developed an 
acute pulmonary embolus. The pulmonary 
embolus occurred more than 6 months after 
injury, long after the highest risk period for 
the development of this serious complica
tion.27,28 Finally, a patient with long stand
ing HO (case 3) developed venous com
pression as evidenced on venography; posi
tional changes allowed flow of contrast 
material during one of the studies. He had 
evidence of thrombosis involving small 
intramuscular collateral vessels. 

It is unclear why the prevalence of neuro
vascular compression is not greater than 
that observed, owing to the location of 
ectopic bone in this population. HO involv
ing the hip most commonly occurs in line 
with the iliopsoas muscle, anterior and 
caudal to the hip joint; and along the medial 
aspect of the thigh in the region of the 
adductor musculature.3,4,7,8 The degree of 
local edema as well as the expanding bony 
mass can be significant, resulting in an 
increased risk for compression of neurovas
cular structures. The femoral and profunda 
vessels and the femoral nerve have been 
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Figure 2 Contrast venography of the left lower limb. (a) a non thrombotic obstruction of the 
proximal superficial femoral vein with thrombus present in the intramuscular collateral branches; 
(b) a repeat study with the patient repositioned showing filling of the femoral vein. 

observed during surgey to be enveloped in 
new bone.4 

Several factors may account for the low 
prevalence of neurovascular compression 
observed. HO is often self limited, with 
minimal residual impairment. 6,10 Partial or 
intermittent compression of neurovascular 
structures might not result in clinical find
ings of muscle atrophy, altered spasticity, or 
deep venous thrombosis. An example of this 
situation is presented in case 3. Intermittent 
compression of venous return by ectopic 
bone more than likely produced the inter
mittent lower limb swelling. The venogram 
confirmed the presence of intermittent com
pression of venous flow concomitant with 
position, but showed no evidence of deep 

venous thrombosis involving the large ves
sels of the venous system. Progression of 
bone formation sufficient to compress 
nerves and nearby vascular structures result
ing in clinically apparent features may result 
in ankylosis prior to neurovascular com
promise. 

Patients with complete spinal cord lesions 
will not experience pain, paresthesiae, or 
sensory loss commonly associated with com
pression neuropathies.29 In addition, these 
individuals develop loss of muscle mass30 
making clinical features less apparent. For
tunately, the patient in case 1 had preserva
tion of significant motor and sensory func
tion which permitted recognition of peri
pheral nerve entrapment. With the growing 
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numbers of individuals now surviving spinal 
cord injuries with incomplete lesions,31 we 
may see an increase in the incidence of 
entrapment neuropathies due to expanding 
ossification. 

The most commonly reported entrapment 
neuropathy produced by HO involves the 
ulnar nerve at the elbow in patients with 
traumatic brain injury. 14-17 Garland et ails 
observed HO in 16 of 18 patients suffering 
tramatic brain injury. Two of these indi
viduals developed ulnar nerve injury. In 
cases of ulnar nerve entrapment due to 
ossification, neurological recovery following 
decompression of the nerve had been vari
able, and is dependent upon the degree of 
neurapraxia or axonal loss present at the 
time of surgery. Ulnar nerve entrapment 
due to heterotopic bone formation has also 
occurred following extensive burns. 11,14 

The rapid development of ossification 
leading to peripheral nerve compression can 
be appreciated by the time course between 
the onset of symptoms and the activity of 
the heterotopic bone in case 1. At the time 
the patient first experienced symptoms, the 
serum alkaline phosphatase level, and 
3-phase bone scan obtained were all normal. 
It was not until he developed objective 
neurological deterioration in the femoral 
nerve distribution that further diagnostic 
evaluation revealed extensive HO involving 
the inguinal region. Three-phase bone scans 
usually show active HO 2 to 6 weeks prior to 
radiographic findings.8,11,25,32 In this case, 
however, significant bone formation was 
present less than 3 weeks following a normal 
3-phase bone scan. This underscores the 
rapid development of extensive ossification 
concomitant with this condition. Several 
authors describe the sequence of clinical, 
laboratory, and radiological features ob
served during the development of 
HO,3,7,8,24,25 but detailed longitudinal stu-
dies clearly depicting the interval between 
onset of clinical signs, bone scan abnormali
ties, and ossification are unavailable. It is of 
interest that the calcification involving the 
iliopsoas muscle observed on the CT scan 
was not appreciated on the plain pelvic film 
taken the following day. By the time plain 
radiographs show clear evidence of HO, 
ossification is extensive. 

Most cases of DVT and pulmonary em
boli (PE) occur during the first 2 to 3 
months following SCI. 27,28 The patient in 
case 2 had documented evidence of venous 
compression due to HO but a normal duplex 
scan, A CT scan performed at that time 
failed to identify any intraabdominal or 
pelvic thrombosis. He developed an acute 
PE shortly thereafter. The venous com
pression and subsequent PE occurred over 6 
months after his spinal cord injury. Al
though he was at increased risk for the 
development of PE, the occurrence shortly 
after the findings of venous compression 
and over 6 months after the onset of 
quadriplegia suggests a possible association 
between venous compression by the hetero
topic bone and the development of an acute 
PE. It is recognized that a definite associ
ation is difficult, given the risk factors 
present after onset of paralysis, Duplex 
B-mode ultrasonography demonstrated a 
compressible vein despite the extensive HO 
in this patient. The technique can identify 
deep venous thrombosis as well as adjacent 
heterotopic bone,33 although the effective
ness of this technique for diagnosing both 
conditions has not been extensively studied, 

The significant, but highly variable inci
dence of deep venous thrombosis (DVT) in 
the SCI population27,28,34 makes it difficult 
to draw any conclusions regarding the ef
fects of HO upon this serious complication. 
Both conditions occur during the first few 
months following SCI. Acute HO often 
mimics DVT25,33 and once the diagnosis of 
DVT is determined, further evaluation of 
possible coexisting ectopic bone is less 
likely. In case 3, intermittent compression 
of the venous system of the lower limb was 
associated with thrombosis of intramuscular 
vessels, Although thrombosis of the large 
vessels was absent, it is intriguing to specu
late that the involvement of smaller collat
eral vessels resulted from repeated inter
mittent compression of the large venous 
system. Recently, Haselkorn et a[35 re
ported coexistent DVT and HO in a patient 
with transverse myelitis. They suggested 
that soft tissue swelling and impaired venous 
return may have lead to the development of 
DVT. Following this account, Varghese et 

all7 identified 2 patients with SCI in which 
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femoral vein compression resulted from 
heterotopic ossification. Extensive venous 
thrombosis was present in one of the cases. 
We are unaware of any cases of intermittent 
compression of the venous system by 
heterotopic bone similar to that described in 
case 2. 
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Compression of neurovascular structures 
from HO can result in definite neurological 
and vascular sequelae. It is important for 
physicians involved in the care of the SCI 
patient to recognize this uncommon but 
potentially serious complication of hetero
topic bone formation. 
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