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Abstract

Neurogenic para-osteo-arthropathies (NAOP) are cha-
racterized by ectopic juxta-articular peri- or para-osseous
ossifications. Diagnosis of these conditions is often de-
layed. They are frequently associated with central neuro-
logical disorders and are rarely observed in cases of
peripheral neuropathy. Bone scintigraphy is crucial for de-
termining the maturity of the ossification, optimizing surgi-
cal interventions, and preventing recurrence.
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Introduction
Neurogenic para-osteo-arthropathies (NAOPs), or
heterotopic ossifications (HO), are defined as
abnormal osteogenesis occurring in non-skeletal
tissues, typically following an initial inflammatory
process. These bone formations are not classified
as neoplasms and can affect various types of soft
tissue (1, 2, 3, 4). They are commonly associated with
central neurological disorders and are rare in
cases of peripheral neuropathy (5, 6). Typically
located near limb joints, these ossifications can
lead to mechanical complications such as com-
pression of blood vessels or nerves, as well as
joint stiffness, significantly impacting locomotor
function (7). Diagnosis of heterotopic ossification
relies on standard radiography, although abnor-
malities may not be evident until up to 4 weeks
after disease onset. Bone scintigraphy is con-
sidered the preferred method for early detection
and maturity assessment of heterotopic ossifi-
cation (8). Additionally, complementary SPECT-
CT scanning of suspected areas aids in lesion

localization, classification, and differential dia-
gnosis from other pathologies (9, 10).

The aim of this study is to elucidate the scinti-
graphic characteristics and demonstrate the sig-
nificance of bone scintigraphy, as well as the
additional benefits of SPECT-CT, in detecting he-
terotopic ossification.

Materials and methods
We present four cases of NAOP diagnosed in
2021 at the Nuclear Medicine Department of
Hassan II University Hospital in Fez. All patients
underwent two-stage bone scintigraphy (BS)
following the injection of 743 MBq (20 mCi) of
hydroxymethylene diphosphonate (HMDP) labe-
led with Technetium 99m (Tc99m). The imaging
protocol consisted of an early study (vascular and
tissue phase) (Fig. 1) conducted between 0 and
10 minutes post-radiotracer injection, focusing on
the region of interest and the adjacent joints,
followed by a late study (bone phase) performed

Fig. 1. 99mTc-HMDP bone scintigraphy of the pelvis:
early anterior (A) and posterior (B) views; delayed
anterior (C) and posterior (D) views.
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2 to 3 hours later. The late study included whole-
body scans anteriorly and posteriorly, supple-
mented by static images. Additionally, suspicious
areas underwent SPECT-CT imaging, except in
pediatric cases.

However, we encountered technical challenges
during the scintigraphic examination in two
patients. In one case, difficulties arose due to

joint flexion, which impeded the acquisition of a
comprehensive whole-body scan and hindered
visualization of all joints, particularly the elbows.
In the other case, the patient's agitated neuro-
logical state posed challenges during the proce-
dure.

Results
Observation 1:
A 16-year-old patient with a spinal cord injury,
quadriplegic for 6 months, presented with right
hip pain. Standard X-ray imaging revealed peri-
articular ossifications.

Observation 2:
A 27-year-old patient experienced a head injury 6
months ago, leading to multifocal joint pain and
restricted joint mobility. The bone scintigraphy
(BS) revealed multiple areas of increased tracer
uptake in the early stages, affecting the elbows,
hips, and right knee. A supplementary SPECT-CT
scan was conducted, revealing the presence of
heterotopic ossifications associated with active
multifocal NAOP (Fig. 2).

Observation 3:
A 32-year-old patient with a history of hemor-
rhagic stroke presented with left elbow pain.
Skeletal scintigraphy (SO) revealed delayed
hyperfixation in the left elbow, and SPECT-CT

imaging showed mature heterotopic ossification
(OH).

Observation 4:
A 35 year old patient, who underwent surgery for
secondary coxarthrosis two years ago, including
a right total hip replacement (THR), presented
with coxalgia and restricted joint mobility. Stan-
dard X-ray imaging revealed periarticular ossifi-

cations. A three-phase bone scintigraphy (BS)
showed delayed hyperfixation, corresponding on
SPECT and CT images to a mature bone bridge
classified as grade III according to Brooker's
classification.

Discussion:
HO is a severe calcifying condition affecting peri-
articular tissues and areas, with the potential to
involve all joints. According to Chalmers et al., the
etiopathogenesis involves three essential factors
for the formation of heterotopic ossification (HO):
osteogenic precursor cells, inducing agents, and
a permissive environment (12). Urist et al. dis-
covered that demineralized bone matrix could
induce ectopic bone formation by depositing
small bone morphogenetic proteins. These pro-
teins have the capability to transform mesen-
chymal cells of muscle origin into bone cells
under favorable respiratory and nutritional condi-
tions (13). They also suggest that these proteins
are released by normal bone in response to
venous stasis, inflammation, or connective tissue
diseases associated with bone, situations often
seen in immobilization and trauma (13). The initial
stages of HO formation are characterized by the
presence of infiltrate with edema and exudative
cells, followed by fibroblastic proliferation and
osteoid formation, which subsequently matures
(14).
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Clinical signs of heterotopic ossification (HO) may
manifest between the third and twelfth weeks
following musculoskeletal trauma, spinal cord
injury, orthopedic surgery, prolonged intensive
care stay (11), or other precipitating events (1, 15, 16)
. These signs typically progress through
three stages: acute pseudo-inflammatory (lasting
4 to 5 weeks), chronic (lasting 4 to 6 months), and
regressive with eventual symptom disappearance
(1 to 2 years) (17).

The most commonly affected areas include the
hips, followed by the knees, shoulders, elbows,
and rarely the feet (1, 15, 16). The primary com-

plications associated with HO are loss of joint
mobility and function, leading to contractures and
ankylosis, as well as other issues like peripheral
nerve compression and pressure ulcers (15, 18, 19)
. In our patient cohort, the hip was the most
frequently affected site, followed by the elbow,
knee, and ankle.

HO is unrelated to any abnormalities in phos-
phocalcium metabolism. However, alkaline phos-
phatase levels may rise in the early stages of the

disease and decrease as the ossifications mature
(2). Unfortunately, alkaline phosphatase levels
cannot reliably indicate the maturity or recurrence
of HO, as they may remain within the normal
range even in the presence of active HO (2).
None of our patients underwent alkaline phos-
phatase testing for diagnostic purposes.

Standard radiography typically reveals circum-
ferential ossifications with clear centers (20).
However, it may only become positive 4 to 6
weeks after a positive bone scan (2, 20, 21). On
computed tomography (CT), early non-minerali-
zed lesions appear as poorly circumscribed soft

tissue hypodensities, which can pose challenges
in the differential diagnosis with infectious and
tumorous lesions, thereby limiting its specificity in
the early stages. Subsequently, calcifications
develop, and CT plays a pivotal role in delineating
the extent of bone formation and guiding radio-
therapy and surgical interventions (23). Magnetic
resonance imaging (MRI) is utilized to detect con-
trast enhancement, indicative of residual activity
(24).

Fig. 2. SPECT/CT in case 2 showing periarticular heterotopic ossification with increased radiotracer uptake.
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Three-phase bone scintigraphy is the most sensi-
tive imaging modality for the early detection of
HO (5, 16, 22). Vascular changes can typically
be detected as early as 2.5 weeks after the event
responsible for HO, whereas osteoblastic activity
becomes evident approximately a week later,
manifesting as extra-skeletal hyperfixations (2, 16)
. These scintigraphic abnormalities tend to di-
minish as the osteomas mature, with activity re-
turning to normal levels around 6 to 12 months
(25).

The scintigraphic appearance of heterotopic
ossification (HO) lacks specificity and may re-
semble other pathologies, particularly infectious
and tumorous conditions. Therefore, completing
the evaluation with a SPECT-CT scan is advan-
tageous, as it provides precise anatomical locali-
zation of HO and surpasses other imaging moda-
lities in accuracy. Moreover, SPECT-CT facili-
tates the assessment of HO maturation before
surgery to prevent recurrence and allows for the
classification of hip disorders according to (Tab.
1) Brooker et al. (9, 18, 26). Among our three
patients with hip involvement, one exhibited
grade III HO, while the remaining two did not
undergo SPECT-CT due to their agitated neurolo-
gical state and young age.

Conclusion:
Neurogenic para-osteo-arthropathy presents se-
veral diagnostic and therapeutic challenges.
While the symptoms provide valuable indica-
tions, there is currently no biological test for defi-
nitive diagnosis of this condition. However, skele-
tal scintigraphy (SO) combined with SPECT-CT
allows for early detection of heterotopic ossifi-
cation (HO), assessment of its maturity, and
classification according to Brooker's criteria,
thereby guiding treatment decisions.
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