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Quantitative bone SPECT/CT useful for selecting medical
or surgery treatment in heterotopic ossification
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Abstract

Objective: Mature lamellar bone formation in extra-skeletal soft tissue is termed heterotopic ossification
(HO). Surgical resection of HO is performed to preserve joint mobility, though timing is very important, as
resection prior to HO maturation very often results inincomplete or inadequate excision, leading to recur-
rence. The present study was conducted to evaluate whether standardized uptake values (SUV) derived
from quantitative bone single-photon emission computed tomography/computed tomography (SPECT/
CT) are useful for assessing HO maturity and determining the appropriate timing of surgical resection.
Subjects and Methods: Eleven quantitative bone SPECT/CT scans from six patients with HO were ana-
lyzed. Results: Four of the patients with a total of 10 lesions received medical treatment (bisphospho-
nates), and their mean SUVmax, SUVpeak, SUVmean, metabolicbone volume (MBV), and total bone upta-
ke (TBU) values were 13.12+12.39 (range 4.41-44.35), 11.81£11.27 (4.12-40.53), 7.64+7.16 (3.02-26.05),
81.83+111.02 (15.68-290.64), and 781.30+1,301.78 (61.87-3,301.87), respectively. The two patients who
underwent surgery had a total of two lesions and those mean values in those cases were 3.21+1.67 (2.03,
4.39),2.99+1.65 (1.82,4.15), 2.22+1.27 (1.32,3.11), 6.77+£2.21 (5.2, 8.33), and 16.39+13.46 (6.87, 25.9), es-
pectively. Two who were evaluated with use of serial bone SPECT/CT scanning for assessment of medical
treatment response showed a gradual decrease in SUV, reflecting the effectiveness of bisphosphonate
therapy (SUVmax 9.01—8.94—6.11—5.37 and 6.93—5.93—4.41, respectively). Conclusion: Standardized
uptake value derived from quantitative bone SPECT/CT scanning is useful for monitoring HO metabolic
activity and determining the appropriate timing of surgical resection.
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Introduction

eterotopic ossification (HO) is a pathological condition characterized by ectopic

formation of bone in non-skeletal soft tissues. Patients with the acquired form of

HO are most frequently affected by musculoskeletal trauma, or spinal cord or
central nervous system injury [1, 2]. Fever, swelling, erythema, and occasionally joint ten-
derness are known to occur early in HO development, though can be difficult to distin-
guish from cellulitis, osteomyelitis, or thrombophlebitis, thusimaging modalities such as
X-ray, bone scintigraphy, and computed tomography (CT) are frequently used for accura-
te determination. While drug therapy and surgical resection are treatment options, deci-
ding operative intervention timing is difficult, as resection prior to HO maturation very
often results in incomplete or inadequate excision, leading to recurrence. The definition
of HO maturity remains difficult and inconsistent within the literature [3]. One group de-
monstrated that mature HO may show cancellous bone and mature lamellar bone, ves-
sels, and bone marrow with a minor amount of hematopoiesis [4]. Serum alkaline phos-
phatase level cannot be used to draw clinical conclusions about maturity of HO [5]. A
previous study noted that bone scintigraphy, widely employed for osteoblastic activity
detection, may be useful for evaluating the maturity of HO, as well as determination of
the appropriateness of medical or surgical treatmentin individual patients [6].

A precise anatomical diagnosis of HO can be obtained with use of bone single-photon
emission computed tomography (SPECT)/CT, which is considered superior to other ima-
ging methods such as bone scintigraphy, radiography, and CT [7]. Moreover, several re-
ports have noted the usefulness of quantitative values, including standardized uptake va-
lue (SUV), metabolic bone volume (MTV), and total bone uptake (TBU), derived from quan-
titative bone SPECT/CT findings for evaluations of bone metabolism, malignant poten-
tiality, and treatment response [8-11]. The present study was conducted to evaluate the
usefulness of standardized uptake values (SUV) derived from quantitative bone SPECT/CT
for assessing HO maturity and determining the appropriate timing of surgical resection.
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Subjects and Methods

Patients

Following approval from the ethics committee of our institu-
tion (No. 3144), this study was conducted in a retrospective
manner. Six patients with suspected HO, based on findings
obtained in various clinical and imaging examinations, un-
derwent quantitative bone SPECT/CT examinations (total,
11 scans) between December 2019 and December 2025, and
those results were analyzed. Relevant patient and lesion cha-
racteristics are showninTable 1.

Bone scintigraphy

At three to four hours following intravenous administration
of 555MBq of technetium-99m-hydroxymethylene diphos-
phonate (""Tc-HMDP), planar bone scintigraphy was perfor-
med using a SPECT/CT scanner (NM/CT670; GE Healthcare,
Pittsburgh, Pa) equipped with a low-energy high-resolution
collimator. Immediately after acquisition of planar images of
the jaw region, a hybrid system was used to acquire quantita-
tive SPECT/CT images. Initially, CT images were obtained
with use of the following parameters: tube voltage 120kV, tu-
be current 60-210mA with auto MA function (noise index 20),
X-ray collimation 20mm (16x1.25mm), table speed 37mm/
second, table feed per rotation 18.75mm, tube rotation time
0.5 seconds, pitch 0.938:1, and matrix size 512x512. Compu-
ted tomography images were then reconstructed into 2.5-
mm-thick sections using an adaptive statistical iterative
reconstruction algorithm (ASiR; GE Healthcare). Next, SPECT
images were acquired using the following parameters: ener-
gy peak 140KeV with 20% window (126-154KeV), step-and-
shoot acquisition mode (16 seconds/step, 60 steps/detector)
with 3° angular increments, and the body contour scanning
option. An additional energy window for scatter correction
was set at 120KeV with a 10% window (115-125KeV). Recon-
struction of SPECT images was performed using an iterative
ordered subset expectation maximization algorithm (two
iterations, 10 subsets) with CT-based attenuation correction,
scatter correction, and resolution recovery using the soft-
ware package provided by the vendor (Volumetrix MI; GE
Healthcare). A post-reconstruction Butterworth filter (cut-off
frequency 0.48, order of 10) was applied. Reconstructed ima-
ges with a matrix size of 128128, section thickness of 2.95
mm, and zoom factor of 1.5 were generated.

Data analysis

Volume of interest (VOI) delineation was performed by a bo-
ard-certified radiologist using the GI-BONE software pack-
age (AZE Co, Ltd., Tokyo Japan), which provides quantitive
parameters for SUV, such as max (SUVmax), peak (SUVpeak),
and mean (SUVmean), as well as metabolic bone volume
(MBV) and total bone uptake (TBU) [5-8] (Figures 1, 2). Maxi-
mum SUV represents the highest single-voxel activity within
a lesion, while SUVpeak is the mean activity concentration
within a 1cm’ spherical VOI centered on the region highest
uptake within an examined lesion. Mean SUV was calculated
as the average SUV within the VOI, which showed uptake >

40% of SUVmax. MBV represents lesion volume with uptake.
SUVmeanxMBYV was used to calculate TBU.

Statistical analysis

Data are presented as the meanztstandard deviation (SD).
SAS, version 9.3 (SAS Institute Inc., Cary, NC, USA), was used
to perform statistical analysis.

Results

Eleven quantitative bone SPECT/CT scans of six HO patients
were analyzed, which included four different scanning exa-
minations for one patient and three for another (Table 1).
One patient had bilateral lesions, while the remaining five
each had asolitary lesion.

For all 12 lesions, mean SUVmax, SUVpeak, SUVmean,
MBV, and TBU values were 11.47+11.86 (range, 2.03-44.35),
10.34+10.77 (1.82-40.53), 6.74+6.82 (1.32-26.05), 69.32+
104.59 (5.2-290.64), and 653.81+1,214.57 (6.87-3,301.87),
respectively. As for the 10 lesions in the four patients who un-
derwent medical treatment (bisphosphonates), those values
were 13.12+12.39 (4.41-44.35), 11.81+11.27 (4.12-40.53),
7.64+7.16 (3.02-26.05), 81.83+111.02 (15.68-290.64), and
781.30%1,301.78 (61.87-3,301.87), respectively, and for the
two lesions in the two patients who received surgery were
3.21+1.67 (2.03,4.39), 2.99+1.65 (1.82, 4.15), 2.22+1.27 (1.32,
3.11),6.77+2.21 (5.2, 8.33), and 16.39+13.46 (6.87, 25.9), res-
pectively. Max SUV, SUVpeak, and SUVmean values for those
with drug treatment were significantly higher as compared
to the surgery group (P=0.036, P=0.040, and P=0.049, res-
pectively). Metabolic bone volume and TBU showed no sig-
nificant differences between the groups.

Two patients underwent multiple bone SPECT/CT scan-
ning sessions for analysis of medical treatment response.
Both showed gradual SUV decreases, reflecting good res-
ponse to treatment with bisphosphonates (SUVmax: 9.01—
8.94-6.11-5.37 and 6.93—5.93—4.41). Results of two repre-
sentative cases are presented in Figures 1and 2.

Discussion

Heterotopic ossification can be classified etiologically as either
hereditary or acquired. The hereditary form is rare and divided
into two types; fibrodysplasia ossificans progressiva (also
known as myositis ossificans progressiva) and progressive os-
seous heteroplasia, both of which are caused by gene muta-
tions [12]. The more common acquired form of HO typically
develops after trauma including surgery, particularly that per-
formed along the long bones, which leads to myositis ossifi-
cans. Alternately, occurrence has been noted following an inju-
ry to the nervous system, most commonly spinal cord injury,
resulting in neurogenic heterotopic ossification. Less com-
monly, HO may occur in association with less common condi-
tions such as tumoral calcinosis or calcification associated with
end-stage valvular disease. The pathophysiology is thougt to
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Figure 1. Representative patient; woman (44 years old) with heterotopic ossification of the left ankle. a) Planar bone scintigraphy, b) spot planar view, c) transaxial bone
SPECT/CT, and d) 3D-SPECT/CT findings showing weak uptake and heterotopic ossification in the left ankle. e) VOl indicated by the GI-BONE® software package and cal-
culated quantitative values are shown below the images: SUVmax 4.39, SUVpeak 4.15, SUVmean 3.11, MBV 8.33, and TBU 25.90. Based on the relatively low metabolic
activity, surgical resection was performed.
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Figure 2. Representative patient; woman (31 years old) with heterotopic ossification of the right quadriceps. a) Planar bone scintigraphy, b) spot planar view, ) transa-
xial bone SPECT/CT, and d) 3D-SPECT/CT showing strong uptake and heterotopic ossification in the right quadriceps. e) VOl indicated by the GI-BONE® software package
and calculated quantitative values are shown below the images: SUVmax 44.35, SUVpeak 40.53, SUVmean 26.05, MBV 19.74, and TBU 514.16. Based on the relatively
high metabolic activity, drug treatment (bisphosphonates) was performed.
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involve transformation of pluripotent mesenchymal cells
within fibrous and connective tissue septa of muscle into an
osteogenic cell lineage line, a process that occurs under per-
missive conditions or the influence of an induction agent
[13]. This mechanism explains formation of heterotopic bo-
ne in affected patients at a site with some distance from nor-
mal bone, with subsequent movement towards an adjacent
skeletal structure.

More than 80% of patients with acquired heterotopic bo-
ne formation show a relatively benign course. However, re-
ports have noted significant loss of motion and ankylosis
occurring in up to 10% of cases, with potential loss of functi-
on in the affected part [14-16]. Therefore, following diagno-
sis of early HO, interventional treatment is essential. Ava-
ilable therapies range from passive range-of-motion exerci-
ses, and biphosphonate and nonsteroidal anti-inflamma-
tory drug treatment, to radiation therapy and surgical resec-
tion of mature HO, with treatment selection dependent on
criteria based on clinical, laboratory, radiographic, and bone
scintigraphic results. Multiphase bone scintigraphy is con-
sidered to be most useful for detecting early HO at the onset
of clinical symptoms and during subsequent disease moni-
toring, as well as for noting maturity and determination of
surgical resection timing [6]. Assessment of HO maturity is
essential, because resection before maturity nearly always
leads to recurrence. In addition, should excision be perfor-
med prior to heterotopic ossification maturity, incomplete
and/orinadequate excision can be theresult.

For assessment of HO maturity, serial semi-quantitative
bone scintigraphy has been proposed, with repeated me-
asurements of abnormal tracer uptake relative to a normal
skeletal reference, such as the opposite hip, utilized [17]. She-
hab et al. (2002) presented criteria for determining the ne-
cessity of surgical removal of HO if serial quantitative bone
scans can be obtained, which included the following: 1) sig-
nificantly limited range of motion for involved joint; 2) ab-
sence of local fever, swelling, erythema, or other clinical fin-
dings indicating acute heterotopic ossification; 3) normal se-
rum alkaline phosphatase; and 4) return of three-phase bone
scan findings to normal or near normal [6].

In a study of 12 patients with spinal cord injury, SPECT/CT
was used to determine osteoblastic activity and evaluate
HO maturity to identify patients at higher risk of relapse fol-
lowing surgical resection, with tracer uptake graded as ab-
sent, mild, moderate, or severe [18]. Lin presented findings
of a patient with paraplegia that developed six months after
brain injury that showed the value of SPECT/CT for deter-
mining activity and providing assistance to direct conserva-
tive management rather than surgery [19]. Additionally, the
value of SPECT/CT for determining the location of abnormal
activity in soft tissues surrounding the hips in a patient with
Guillain-Barré syndrome was reported [20]. However, bone
SPECT/CT was not used for quantitative assessment in any
of these cases.

Other reports have noted use of bone scintigraphy for
qualitative evaluations to assess the maturity of HO [6, 7, 17-
20]. However, to the best of our knowledge, this is the first
study to examine the use of quantitative values (SUV, MBY,
TBU) derived from quantitative bone SPECT/CT results to

evaluate HO maturation for determining medical treatment
or surgery. The results indicate that a low SUVmax value
(<4.4) shown by quantitative bone SPECT/CT indicates ma-
turation, thus surgery is recommended, whereas high
SUVmax (=4.4) signals HO immaturity, indicating medical
treatment. Therefore, it is considered that SUV determined
from bone SPECT/CT findings are useful for not only treat-
ment decisions, but also evaluation of bisphosphonate res-
ponsein patients with HO.

Our study has several limitations. First, the number of pati-
ents analyzed was relatively small, thus limiting statistical
power for determining significant associations. A prospec-
tive study that includes a greater number of subjects will be
needed to verify the usefulness of quantitative bone SPECT/
CT results for choosing drug or surgical treatment, especi-
ally regarding the appropriate timing of surgical resection.
Additionally, comparisons with CT/MRIimaging or patholo-
gicalfindings were not performed.

In conclusion, use of SUV derived from quantitative bone
SPECT/CT scanning are useful for monitoring the metabolic
activity of HO. Additionally, they can be used to evaluate HO
maturation and may be an effective evaluation tool for deci-
ding whether to perform medical or surgery treatment, es-
pecially regarding the appropriate timing of surgical resec-
tion.
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