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A variety of stimuli including neurological insult may provoke primitive 
mesenchymal cells to differentiate into bone forming cells. Such a sequel 
following spinal cord injury can delay rehabilitation, enhance the spasticity and 
reduce the range of movement in the affected joint. It is characterised by an 
initial inflammatory phase followed by heterotopic bone formation. The early 
inflammatory lesion clinically mimics deep vein thrombosis, a developing pres
sure sore, infection, and tumour. An early diagnosis at a time of clinical 
uncertainty, before the plain radiographic features develop, has distinct advan
tages and therapeutic implications. 

The unique pathological evolution and maturation of the lesion is clearly 
demonstrated by sequential sonographic (ultrasonic) assessment with depiction 
of the 'zone phenomena' seen on histology. Sonographic scans in 7 spinal injury 
patients proved diagnostic, before there was radiographic evidence of bone 
formation, and confidently excluded HBF in a further 18 patients without any 
false negative results. 
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Introduction 

Heterotopic bone formation (HBF) is a well 
known complication following traumatic 
spinal cord injury. 1.2 The natural history of 
HBF, described pathologically, has a pre
dictable temporal sequence which incorpor
ates the formation of 'zone phenomena' as 
the lesion matures.3,4 The aim of this pros
pective study was to assess the place of 
sonography in defining this unique evolu
tionary pattern before radiographic confir
mation and to determine its sensitivity and 
specificity, in a prospective study of 25 
spinal injury patients with limb swelling. 

Materials and methods 

During a 3 year period, 25 patients referred 
to the imaging department with non specific 
limb inflammation following spinal cord 
injury were evaluated with sonography and 

radiological examinations. In 23 patients 
sonography was the first investigation per
formed within 24 hours of presentation and 
2 patients had sonographic assessment after 
negative venography. The whole affected 
lower limb up to the iliac crest was exam
ined with simultaneous comparative assess
ment of the contralateral limb. The 18 
patients in whom an alternative diagnosis 
was made were eliminated from further 
sonographic examination (Table I). Subse
quent radiological follow up in these cases 
confirmed the absence of HBF over a 3-6 
month period. In the remaining 7 patients 
serial sonographic examinations were per
formed at weekly intervals utilising a 3.5 
Megahertz and/or a 7.5 Megahertz trans
ducer probe. Plain radiographs were ob
tained to determine the temporal relation
ship between the evolving sonographic ap
pearances, and radiographic features of 
calcification and ossification. The imaging 
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Table I Cause of limb swelling (25 patients) 

Heterotopic bone formation 
Venous thrombosis 
Infection 
Sudeck's atrophy 
Pressure sore 
Unrecognised bone injury 
Unknown 

7 
3 
3 
3 
2 
1 
6 

abnormalities were correlated with clinical 
and biochemical data including serum alka
line phosphatase levels before, during and 
after presentation. 

Results 

Seven patients developed the classic radio
graphic features of mature heterotopic bone 
formation (HBF) (Fig 1). All lesions were 
paraarticular involving the hip and trochan
teric region (4 patients), the elbow joint (2 
patients), and the shoulder joint (1 patient). 
In none of these instances was a clinical 
diagnosis made. The time interval between 
the spinal cord injury and presentation of 
limb swelling ranged between 6 to 26 weeks 
with a mean of 12 weeks. There were no 
cases with bilateral involvement. Details of 
the level of injury and associated neuro
logical deficit are presented in Table II. All 
the upper limb lesions were associated with 
direct peripheral trauma besides cervical 
spine injury. None of the lower limb lesions 
had associated peripheral skeletal trauma. 

Plain radiographic features diagnostic of 
HBF appeared at 4 to 6 weeks after presen
tation in all 7 cases (Figs 1, 2, 3). The 
sonographic appearances depended entirely 
on the age of the lesion, and the degree of 
mineralisation. In the initial examination a 
thin echo-lucent zone (1) of the surrounding 
muscle enclosed a broader highly reflective 
zone (2) which in turn surrounded an 
amorphous echo-lucent zone (3) (Figs 2, 4, 
5). Zone (2) was not uniformaly reflective in 
the early lesion but contained foci of 
echogenic islands which rapidly became 
confluent (Fig 4, 5). As the lesion matured 
the more peripheral rim of this zone (2) 
became increasingly reflective due to in
creased mineralisation and coincided with 

the radiographic demonstration of faint non 
specific floccular calcification (Figs 2, 4). 
Further consolidation resulted in the total 
reflection of the sonographic beam as the 
maturing periphery of the HBF lesion be
haved as corticated bone (Figs 2, 4). At this 
stage plain films became diagnostic of HBF, 
which was consistently between 4 to 6 weeks 
after clinical presentation of limb inflamma
tion. In all of the patients the process of 
maturation defined so no graphically was 
identical. The 'zone phenomena' were pre
sent at clinical presentation, reproduced in 
all cases, and disappeared with maturation 
as the well corticated periphery reflected the 
sonic beam. There were no false negative 
sonographic examinations based on follow 
up radiographs in the remaining 18 patients 
where the sonographic pattern of 'zone 
phenomenon' was absent, and no subse
quent HBF developed, thus indicating a 
maximum sensitivity and specificity. 

Lower limb venography performed in 6 
patients demonstrated venous thrombosis in 
3 while in 2 of the 3 cases with normal 
venography, extrinsic venous compression 
by unossified HBF was noted which was 
recognised sonographically (Fig 2,5). Sono
graphy demonstrated infection with abscess 
cavities in 2 patients while radiographic 
follow up in 4 patients demonstrated 
Sudeck's atrophy (3 patients) and un
recognised tarsal fractures (one patient). In 
6 patients the lower limb swelling subsided 
rapidly in a few days with negative sono
graphic and radiological results and no 
specific diagnosis being made. Serum alkal
ine phosphatase (SAP) estimations were 
available before and after sonographic de
tection of HBF (Table II). The average time 
interval in the follow up period varied in the 
individual cases, but in all cases serial 
estimations were available in the first 6 
months after HBF detection. Given a 
normal SAP range of 45-125 ujL, Table II 
shows that 3 patients had abnormally in
creased levels after sonography, but in no 
patient was the alkaline phosphatase level 
increased before sonographic diagnosis. 
Four patients had estimations consistently 
within the normal range, showing a subse
quent increase in the SAP level but not 
beyond the upper limit of normal. 
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Figure 1 Plain radiographic appearances of 
HBF (a) 4 weeks after clinical presentation with 
faint calcification in the soft tissues inferior and 
medial to the lesser trochanter; (b) at 6 weeks 
with further mineralisation; and (c) 12 weeks 
after presentation with mature new bone forma
tion extending proximally to the hip joint. 
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Case Sex Age HBF site Skeletal injury Neurological Duration before SAP (1) SAP (2) 0 
I U1 
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1 F 62 Elbow Bilat. facet disloca- Brown-Sequard 7 79 77 
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7 M 34 Elbow Fracture C5 C6 incomplete 6 74 70 Cl 

Fractured ulna tetraplegia .g 
+ radial head dis- :=;-

C)-
location Cl 

;os � 
Ci' '" 
;:! 
" 
5' 
;os 

.j:.. vo 



44 Cassar-Pullicino et af Paraplegia 31 (1993) 40-50 

a b 

c d 

Figure 2 (a-d) Caption on following page. 
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Figure 2 (a, b) Early sonographic detection of thigh HBF with compression of the femoral vein 
seen at venography. (c, d) Although plain radiographs confirm the lesion 2 weeks later, 
sonography at this time reveals extension of the lesion proximal and distal to the lesser trochanter, 
which is later confirmed by a further radiograph at 8 weeks (e, f). 

Discussion 

Primitive mesenchymal derived cells dif
ferentiate into bone forming cells within soft 
tissue in response to a variety of stimuli. 5 
Previously known as 'myositis ossificans 
circumscripta' this soft tissue response is 
now more accurately described as hetero
topic bone formation (HBF). The lesion is 
characterised by an initial soft tissue inflam
matory phase followed by heterotopic ossifi
cation. Stover et a/6 reported an HBF 
incidence of 30% in spinal injury patients 
while most authors cite an incidence 
15_20%.2.7.8 The heterotopic bone forma
tion causes considerable morbidity due to 
swelling, pain, and loss of range of move
ment of the affected extremity which result 
in delay in the rehabilitation. The early 
clinical features are pain, warmth and 
oedema of surrounding soft tissue with 

occasional fever and an elevated ESR. 
These clinical features of the early inflam
matory phase and resultant extremity swell
ing mimic deep venous thrombosis, cellu
litis, osteomyelitis, abscess, a developing 
pressure sore and tumour.8.9 At this early 
stage the initial radiographic features are 
non specific and even if the correct diagnosis 
is suspected, confirmation depends on an 
expectant policy requiring 4-6 weeks for the 
ossification to be diagnostic radiologically. 
In a study by Orzell & Rudd9 over half of 
the patients had an original clinical diagno
sis of deep venous thrombosis and the initial 
radiological investigation requested was a 
venogram. A firm diagnosis of HBF can be 
made sonographically before there are any 
radiographic abnormalities and when the 
clinical signs and symptoms are at a peak. 
Sequential examinations during maturation 
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Figure 3 Elbow HBF (case I). (a) Postreduction lateral elbow radiograph fails to reveal any 
evidence of HBF while (b) sonography shows an HBF lesion anterior to the elbow joint (arrows) 
which is conformed (c) 4 weeks later by plain radiography. 

of HBF will indicate the optimum time for 
plain radiography which minimises the radi
ation dosage. 

Irrespective of the initiating stimulus, 
heterotopic bone formation passes through 
the same histological phases and processes. 
Initially microscopic examination shows 
areas of muscle necrosis and haemorrhage 
with fibroblastic proliferation, which ap
pears radiographically as soft tissue swelling 
without calcification or ossification. The 
centrifugal pattern of maturation that is 
seen in the ensuing weeks is the basis of the 
low field pathological description of 'zone 
phenomenon', described by Ackerman3 and 
Johnson.4 In the central zone there is an 
undifferentiated highly cellular proliferation 
with haemorrhage and muscle necrosis. In 
the intermediate zone there are areas of 
immature bone lined by osteoblasts while in 

the outer zone mature bone is present 
forming a well demarcated outer trabecular 
rim (Fig 6). The primitive osteoid is laid 
down early within the first 2 weeks always, 
to begin with at the periphery, because 
within this region maturation is at its most 
advanced. The osteoid is deposited first as 
small masses within the fibroblastic 
mesenchymal peripheral reaction (Figs 2, 
3).10 The muscle fibres and soft tissues 
around the lesion can appear compressed 
but the interface is smooth and there is no 
evidence of invasion. This zoning pattern of 
peripheral maturation is the most important 
diagnostic feature and is present in both the 
traumatic and the non traumatic types of 
heterotopic bone formation.3,4.11-14 The 
zone phenomenon was demonstrated sono
graphically in all of the patients at presenta
tion, indicating that clinical symptoms occur 



Paraplegia 31 (1993) 40-50 Sonographic diagnosis of heterotopic bone formation 47 

a 

h 

c 

Figure 4 Sonographic evolution of the HBF le
sion in the thigh imaged in the transverse 
plane. (a) Peripheral so no lucent zone surrounds 
a mineralized middle zone with so no lucent in
ner zone. The plain radiographs were normal. 
(b) 3 weeks later showing increased density of 
mineralised layer but lesion still allows ultra
sound transmission to highlight attachment to 
femur. (c) 6 weeks after presentation with 
mature periphery of lesion causing total reflec
tion of ultrasound beam. 

at a stage when zone transformation can be 
demonstrated sonographically, thus permit
ting an early diagnosis. 

The appearance of the lesion can be 
influenced by mechanical forces and in 
particular the peripheral zone may be re
modelled in the axis of the forces of muscle 
traction. It is not uncommon, initially to 
sonographically demonstrate an incomplete 
ring of ossification in the outer zone of the 
lesion which later becomes complete 
(Figs 3, 4). An abscess can also be associ
ated with rapid growth as well as pain and 
swelling. Sonography easily demonstrates 
the nature of the fluid consistency, the 
abscence of a zonal phenomenon, and also 
permits sonographically guided needle as
piration to confirm the nature of the lesion. 
Sonography also has the capability of dif
ferentiating HBF from a soft tissue sarcoma 
which although rare in this clinical setting 
must be considered. Furthermore, newer 
advances in sonographic technology allow 
the demonstration of thrombosis in the 
affected veins. 

Alternative methods of early diagnosis 
include plain radiography, scintigraphy and 
serial estimations of alkaline phosphatase. 
Floccular calcification can be recognised in 
plain radiographs by the fourth week but the 
timing of these appearance varies consider
ablyl5,16 and occurs at a relatively late stage 
when the inflammatory clinical manifesta
tions subside. In recent times, with com
puted tomography it has been possible to 
demonstrate the diagnostic features of the 
zone phenomenon. 17 

Radionuclide bone imaging has been util
ised in the evaluation of HBF and 3-phase 
imaging has been advocated for the early 
diagnosis and serial monitoring of disease 
activity.18.19 Scintigraphy enjoys a high sen
sitivity but with a low specificity in making a 
diagnosis of HBF. The sensitivity of a rising 
serum alkaline phosphatase as an indicator 
of HBF has been a matter of some dispute in 
the literature. Serum alkaline phosphatase 
levels were originally reported to be normal 
in heterotopic bone formation,20 but later 
studies showed that these were invariably 
abnormal, rising at the time of radiographic 
appearances of soft tissue calcification. 21,22 
Orzell & Rudd9 in a study of scintigraphy, 
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Figure 5 (a, b) Extrinsic compression of the femoral vein by HBF in the proximal thigh confirmed 
sonographically. 

plain radiography and serum alkaline phos
phatase in 43 patients with HBF, 27 (63%) 
of whom had a spinal cord injury, found the 
latter to be a sensitive indicator of early 
HBF rising well in advance of symptoms and 
radiographic soft tissue calcification. 
However scintigraphic demonstration of 
HBF can occur when the serum alkaline 
phosphatase is within normal limits al
though rising. In our series the serum 
alkaline phosphatase level was normal in all 
of the patients at the time of the so no
graphic diagnosis of HBF, and in only 3 of 
the patients subsequently rose to abnormal 
SAP levels. Furthermore, the elevation of 
SAP is not specific to HBF and may be 
consequent to healing fractures in the axial 
and peripheral skeleton, occult biliary dis
ease, or normal bone growth in younger 
patients. Like Orzell & Rudd we found that 
when present a rasied serum alkaline phos-

phatase was ignored because it was not 
specifically requested but was measured 
incidently along with the more urgent la
boratory tests requested. This should be 
deprecated, as the detection of a raised or 
rising serum alkaline phosphatase requires 
prompt sonographic exclusion of HBF in 
common sites such as the hip and knee 
regions. This would permit early diagnosis 
and would provide a base line study on 
which to assess response to therapy. 

HBF may result in an aggravation of the 
patient's disability, prevention of passive 
movement, joint ankylosis and increased 
limb spasm, with an increased potential for 
the development of pressure sores. 
However oral diphosphonate therapy and 
more recently nonsteroidal antiinflammat
ory drugs can modify the process of hetero
topic ossification quite significantly, and the 
early diagnosis prior to the radiographic 
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Figure 6 Pathology, evolution and maturation 
of HBF. (a) Peripheral mesenchymal cell stimu
lation with inward migration towards central 
core which contains haemorrhage fibrin and 
necrosis. (b) 'Zone phenomena' formation: os
teoid and bone first laid down in periphery 
zone I, encompassing the less mature partially 
mineralised zone II, with immature inner zone 
III containing active fibroblastic proliferation. 
(c) Centripetal maturation with consolidation of 
the 3 zones to yield (d) mature woven bone 
with marrow cavity. 
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