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True Heterotopic Bone in the Paralyzed Patient
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Abstract. In past years the clinical and radiologic pre-
sentation of true heterotopic bone in the paralyzed
patient has been confused with osteomyelitis, neo-
plasm, trauma, and thrombophlebitis. We reviewed
376 paralyzed patients’ roentgenographic files and
found 78 patients with soft tissue ossification unasso-
ciated with infection, neoplasm, or underlying frac-
tures, which we called true heterotopic bone. From
this population the usual spectrum of radiologic find-
ings is described, so that the radiologist may separate
roentgenographically a group of patients from other
types of ectopic ossification.
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The term heterotopic bone implies ossification in an
abnormal location. Ectopic ossification is predomi-
nantly associated with neoplasia, infection, and trau-
ma. Reports of heterotopic bone in paraplegic and
quadraplegic patients have appeared in the literature,
under many titles; neurogenic ossifying fibromy-
opathy [29], para-osteo-arthropathy [25], and ectopic
ossification [23]. Despite the obvious radiologic find-
ings in these cases, the criteria for true heterotopic
bone in the paralyzed patient are not well defined.
The clinical presentation of true heterotopic bone
formation, a benign condition which requires no spe-
cific treatment, is difficult to differentiate from osteo-
myelitis, neoplasm, and thrombophlebitis [16, 23, 32].
The purpose of this paper is to present the usual
spectrum of radiologic findings associated with true
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heterotopic bone in paralyzed patients. Familiarity
with the usual presentation will help the radiologist
to alert the clinician to consider trauma, infection,
or neoplasm when an atypical or unusual roentgeno-
graphic presentation is encountered.

Methods

The Spinal Cord Injury Center at the Veterans Administration
Hospital in Palo Alto had 588 patients listed at the time of this
study. Of these, 376 Patients had available roentgenographic files
that included views of both hips. These films were felt to be a
minimum requirement for inclusion in the study, since the major
area of involvement with heterotopic bone is the hip [6]. All roent-
genographic files were reviewed. The cases with osseous deposition
within the soft tissues were then correlated with the clinical charts.
No patient had a bone tumor. Three cases of osteomyelitis associat-
ed with new bone formation were excluded. All cases with new
bone formation related directly to underlying fractures were ex-
cluded. The remaining group of 78 patients had heterotopic bone
formation of unknown etiology. This group we called true hetero-
topic bone.

Resuits

All of the 78 patients were male. Forty-two were para-
plegic and 36 were quadraplegic. The level of injury

Table 1. Injury leading to paralysis

Type of injury No. of cases Percent
Diving 9 1.5
Motor vehicle accident 35 44.9
Gun and missile 15 19.3
Fall 4 5.1
Crush 4 5.1
Other? 11 14.1
Total 78 100

# Other included two congenital spinal stenosis, four infection,
and five surgically related problems
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Fig. 1. Heterotopic bone about the anterior inferior iliac spine or rectus femoris in two different paralyzed patients

Fig. 2. Heterotopic bone about the ischium or hamstring or adductor muscles in a paralyzed patient

Fig. 3. Heterotopic bone around the lesser trochanter or iliopsoas in a paralyzed patient

Fig. 4. Heterotopic bone around the greater trochanter or gluteus medius in a paralyzed patient

Fig. 5. Heterotopic bone about the anterior superior iliac spine or sartorius in a paralyzed patient

varied from C4 to L4. Both spastic and flaccid paraly-
sis were present. The mean age of the patients was
43 years with a range of 24 to 70 years. The duration
of the paralysis ranged from six months to 34 years.
The types of injury leading to the paralysis are listed

in Table 1. The incidence of true heterotopic bone
in this study is 78 out of 376 or 20.7%.

The true heterotopic bone formation in the spinal
cord injury patient was classified in relation to the
ligaments, muscles, or site of bony attachment where
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Table 2. Location of heterotopic bone in 78 paralyzed patients
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Area involved 28 patients with single focus 50 patients with multiple foci Total
Right Left Right and Left Right Left Right and Left
Rectus femoris 4 5 2 9 6 22 72
Hamstring 2 1 3 9 5 16 55
Iliopsoas 1 1 2 10 7 13 49
Gluteus medius - - 1 9 11 9 40
Sartorius 4 i - 4 3 3 18
Medial collateral ligament - 1 2 - 2 7
Other - - - - 1 Deltoid 1 Fibular 3

1 Quadriceps collateral ligament

Fig. 6. Heterotopic bone in multiple locations in three different patients

the osseous deposition was found. The majority of
the lesions were classified under the following head-
mngs: (1) Anterior inferior iliac spine avulsion or rec-
tus femoris injury (Fig. 1). (2) Ischial epiphysiolysis
or hamstring or adductor muscle injury (Fig. 2). (3)
Avulsion of the lesser trochanter or iliopsoas injury
(Fig. 3). (4) Avulsion of the greater trochanter or glu-
teus medius injury (Fig. 4). (5) Anterior superior iliac
spine or sartorius injury (Fig. 5). The heterotopic
bone in the 78 patients is classified in this manner
in Table 2. Many patients had osscous deposition in
several regions (Fig. 6).

The skeleton underlying the heterotopic bone was
examined on the roentgenograms. Apart from a vari-
able degree of demineralization in several of the cases,
the underlying bone was unremarkable. All true heter-
otopic bone was found below the level of cord injury.
The joint surfaces were preserved.

Discussion

The diagnosis of true heterotopic bone on clinical
examination alone can be difficult. The earliest find-
ings are nonspecific; erythema, edema, and swelling
[11, 23]. The differential diagnosis includes throm-
bophlebitis, celtulitis, neoplasm, hematoma, periosti-
tis, and osteomyelitis [16, 23, 32]. In order to aid
the clinican in this diagnostic problem the radiologist
must be able to identify true heterotopic bone asso-
ciated with spinal cord injuries and separate it from
the ectopic bone associated with trauma, osteomyeli-
tis, and neoplasm.

The description by Dejerine and Ceillier [7] in
1918 defined heterotopic bone in the paralyzed patient
as bony deposition in the soft tissues. It was found
below the level of cord injury, about the joints, but
not involving the joint surfaces themselves. The le-
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sions were predominantly at the knee with the pelvis
and hip involved to a lesser degree. Urinary tract
infection and skin ulcerations were present in the ma-
jority of the patients. The authors emphasized the
integrity of the underlying skeleton, differentiating
this condition from neuropathic joint disease. The
etiology was thought to be related to metaplasia of
the support tissues secondary to hemorrhage and ede-
ma.

Soule in 1945 noted a varying degree of osteoporo-
sis in the skeleton underlying the soft tissue ossifica-
tions [29]. Several of his cases of heterotopic bone
included fractures with callus formation. All had
decubitus ulcers at some time. He proposed trauma
from physiotherapy as the cause. Other have sup-
ported this view [25].

In 1947 a description appeared in the radiologic
literature which emphasized erosive changes in the
bones in the vicinity of the osseous deposits [14].
The biopsies of these lesions revealed subacute and
chronic infection confirming the suspicion that the
authors were describing osteomyelitis. Infection alone
[14] or in combination with hypoproteinemia [6] was
suggested as the etiology.

In 1963 Hardy and Dickson studied ectopic ossifi-
cation in paraplegia [13]. They reported soft tissue
ossifications in three groups of patients. One group
had this finding in association with skin and joint
sepsis. A second group had decubitus ulcers. The third
group had no known association (though several frac-
tures were included in this group). As they stated,
new bone formation constantly occurs in chronic in-
fection so we are not surprised to see it in suppurative
arthritis and decubitus ulcers. Silver in 1969 also sepa-
rated a group of patients with heterotopic bone with-
out evidence of infection or sepsis and called this
group true heterotopic ossification [28]. Several au-
thors have noted the major area of involvement at
the hip [6, 16, 26, 31, 35], unlike Dejerine and Cellier
who suggested the knee [7].

Despite the work of Hardy and Dickson, and

Silver, most subsequent publications failed to separate
true heterotopic bone from ectopic ossification asso-
ciated with neoplasm, infection, and trauma. No ra-
diographic criteria were established despite the fact
that radiographic evidence of soft tissue ossification
defined the population studied {11, 15, 16, 23, 31,
35]. Atleast four papers describe the soft tissue lesions
as calcifications [19, 24, 26, 33], though histopatholog-
ically they are true ossifications [6, §, 21].

In order to clarify this situation we studied a group
of spinal cord injury patients. Seventy-eight out of
376 patients or 20.7% had true heterotopic bone.
No associated infection, neoplasm, or underlying
fracture was found in these cases. The usual presenta-
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tion was at the hip with the knee the second most
frequent site of involvement. Although other loca-
tions have been reported [35], an unusual location
should raise the possibility of a different type of ectop-
ic ossification. In these cases with true heterotopic
bone the joint surfaces and underlying skeleton were
preserved apart from a variable degree of demineral-
ization.

The etiology of heterotopic bone in the paralyzed
patient has long been disputed. Many of the theories
suggested by some authors have been refuted by

" others. A neural factor has been hypothesized many

times over the years, but not proved [14, 31]. A recent
report trying to group the patients by histocompatibil-
ity typing [22], has attempted to relate the osseous
deposition to an allergic hypersensitivity response [3].
Major et al. recently suggested an abnormal venous
pattern may be present in these patients [20].

Myositis ossificans or fibrositis ossificans circum-
scripta, is heterotopic bone formation in the suppor-
tive tissue of muscle frequently related to direct trau-
ma [2, 3]. Reports in the literature describe fibrositis
ossificans in relation to the ligaments, muscles, or
bony attachment. One of the best known examples
is ossification of the medial collateral ligament, Pelle-
grini-Stieda disease [10, 18].

The true heterotopic bone in our cases can be
related to muscle support systems (Table 2). These
areas of involvement have previously been described
in association with traumatic fibrositis ossificans [4,
5,9, 12, 17, 27, 30, 34]. The underlying mechanism
in the paralyzed patient may also be trauma. In these
denervated patients, the trauma necessary to produce
injury is less obvious than in a neurologically intact
patient. The abnormal response of the denervated
tissues to trauma, in the production of heterotopic
bone, is not understood and may be related to allergic
hypersensitivity. ‘

Conclusion

The similarity of clinical presentation of osteomyeli-
tis, thrombophlebitis, neoplasm, trauma, and true het-
erotopic bone in the paralyzed patient makes clinical
differentiation difficult. The majority of the papers
on heterotopic bone in the paralyzed patient fail to
separate true heterotopic bone from other ectopic os-
sification. The usual characteristics of true heterotop-
ic bone are described. The radiologist can suggest
the possibility of underlying infection or neoplasm
upon recognition of an unusval or atypical presenta-
tion of heterotopic bone.
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