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Abstract

Myositis ossificans (MO) is a rare entity of extra-skeletal bone formation in various muscles, most commonly in quadriceps,
gluteals, small muscles of hand and brachialis, which often triggered by trauma or ischemia. It is first described in medical
literature during the 17th—18th centuries, with early cases linked to traumatic injuries. Traumatic MO Formally classified
by German pathologist VVon Dusch in 1868. Historically, it was termed "rider's bone" due to its association with horseback
riding injuries. Repeated trauma to the elbow from sports may be linked to the development of myositis ossificans
traumatica (MOT). We report a case of MOT in a 26-year-old male who sustained non-traumatic ischemic compression
during sleep and presented with severe pain and a fixed flexion deformity of the elbow. The patient typically presented as
a painful, tender, enlarging mass, which was located in anterior distal humerus within brachial muscles of the upper arm,
following subtle repetitive local trauma. Although it seems unnoticed, causing ischemia alteration in brachial muscles while
he was sleeping on his volar aspect of the elbow for several months. Imaging studies, including ultrasound, X-ray, CT and
MRI, revealed a bony mass in the anterior aspect of the right eloow and a history of brachial ischemia caused by sustained
pressure. Biopsy histology and molecular biology studies confirmed the diagnosis of MOT. Clinically, MO may present as
a painful soft-tissue mass, which could be confused with tumor or inflammatory lesions. MO goes through different phases
of evolution, and its appearance on imaging varies depending on the stage of investigation. For differentiation diagnosis
from soft-tissue tumors or other malignancies, comprehensive image studies and histology, molecular biology studies are
compulsory.
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Introduction

Myositis ossificans (MO) is a benign non-neoplastic disorder = most affected regions [1, 3, and 4]. Patients with MOT are young and with

characterized by the formation of heterotopic bone in extra-skeletal soft
tissues [1]. It predominantly affects adolescents and young adults, with
the highest incidence occurring in the second and third decades of life.
Males are more commonly affected by MO [1, 2]. MO is classified into
three types: fibrodysplasia ossificans progressiva (FOP), MO
circumscripta or traumatica (MOT), and MO without a history of trauma
(non-traumatic or pseudomalignant MO) [2]. FOP isan ACVR1 mutation
and causing constitutive activation of BMP pathway, leading to
spontaneous ossification in muscles, tendons, ligaments. MOT is caused
by inflammation or hematoma, which induces mesenchymal stem cells to
differentiate into osteoblasts via BMP signaling pathway. Ossification in
MOT typically occurs in mid-muscle belly. Itis primarily an autosomal-
dominant condition that usually affects a single muscle or muscle group.
The quadriceps, brachialis, and thigh adductor muscles are among the
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a history of contacting sports. They typically present with pain and
restricted range of motion following trauma, ischemia hassling or
overuse. The possible causes include repetitive minor mechanical
injuries, ischemia, and other noxious stimulation [2]. This study describes
the specific image findings, characteristics of the biopsy histology and
molecular biology studies, and discussion of differentiation diagnosis of
MOT from soft-tissue tumors or other malignancies.

Case Presentation

In this case, a 26-year-old male presented with a complaint of inability to
perform motions with his right elbow for the past a month. He was
habitually sleeping on his right elbow over his anterior aspect of the distal
humerus area for several months and he denied any major injuries.
However, dueto persistent severe pain, he tried to keep his elbow still and
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took oral ibuprofen. There was pain during nights and woke him up
several times. Any movement of the elbow joint triggered severe pain.
Gradually, moving his right elbow was became restricted, with severe
flexion deformity. On examination, the right forearm was flexed at 90
degrees with mild swelling noted over the right anterior distal humerus
(Fig 1). Upon palpation, tenderness over the anterior distal humerus in
brachial musculature and a 5¢cm soft-tissue mass was palpable. The mass
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was tender and located in brachial muscles which was moving with elbow
flexion and extension. Tinel’s sign was negative. The neurovascular
system of the right upper limb appeared intact. Upon investigations,
including ultrasonography, anterior-posterior and lateral X-rays, CT, MRI
of the right elbow, revealed a bony mass in the anterior distal humerus
muscles, as shown in Figures 2-5.

Figure 1: A 5 cm soft-tissue mass was seen and palpable over distal anterior aspect of the humerus that was tenderness and painful while doing any
elbow motions (an arrow indicates the mass).

Ultrasonography is the best investigation modality in differentiating
between cystic and solid lesions, and for early diagnosis of heterotopic
bone formation. Ultrasonography in our case demonstrated a
heterogeneous solid mass and some internal blood flow on the Doppler
examination. It was noticed the hyperechoic rim surrounded by a
hypoechoic rim and the central area that is hypoechoic as well (Figure 2).
The calcified lesion was located over distal humerus just above the
olecranon fossa on AP radiograph. The calcifications typically become
more peripherally oriented and coarse in appearance with a calcified
peripheral rim with alucent center, the calcifications appear as amorphous
and flocculent simulating osteoid matrix in brachial muscles (Figure 3).

A low-attenuation soft-tissue mass with associated calcifications,
typically the peripheral rim becomes increasingly calcified and the central
lucent zone is isodense to adjacent brachial muscles. AP view CT showed
“popcorn” calcification in soft tissue with radiolucent center and sagittal
plane CT revealed the “popcorn” calcification is not from adjacent bones.
The axial view CT demonstrated clearly that the calcification mass
anterior to distal humerus in brachial muscles (Figure 4). The MRI
appearance follows the isointense to hypointense to skeletal muscle on
T1-weighted sequences. T2-weighted sequences will appear hyperintense
to surrounding muscles. The peripheral low signal intensity can be seen
(Figure 5).

Figure 2: Ultrasonography demonstrates a heterogeneous mass demonstrating some internal blood flow on the Doppler examination (red dots in A).
Note the hyperechoic rim (arrows) surrounded by a hypoechoic rim and the central area that is hypoechoic as well (stars).
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Figure 3: The typical radiographic appearance of MO is circumferential calcification with a lucent center and a radiolucent cleft (“popcorn sign™)
that separates the lesion from the cortex of the adjacent bone. This pattern of peripheral predominate calcification is a clinically significant feature
which distinguishes this entity from (parosteal osteosarcoma) that tends to contain centrally located calcifications. The calcified lesion is located over
distal humerus just above the olecranon fossa on AP radiograph (an arrow in A). The calcifications typically become more peripherally oriented and
coarse in appearance with a calcified peripheral rim and a lucent center (A). The calcifications appear as amorphous and flocculent simulating osteoid
matrix in brachial muscles (an arrow in B)

Figure 4: A low-attenuation soft-tissue mass with associated calcifications, typically the peripheral rim becomes increasingly calcified and the
central lucent zone is typically isodense to adjacent brachial muscles. AP view CT showed “popcorn” calcification in soft tissue with radiolucent
center (an arrow in A) and sagittal plane CT revealed the “popcorn” calcification is not from adjacent bone (arrow in B). The axial view CT
demonstrated clearly that the calcification mass anterior to distal humerus in brachial muscle (arrow in C).

Figure 5: The MRI appearance that follows the isointense to hypointense to skeletal muscle on T1-weighted sequences (An arrow in A). T2-
weighted sequences will appear hyperintense to surrounding muscle. The peripheral low signal intensity can be seen (An arrow in B).

The needle core biopsy was performed under general anesthesia. Five  The fibroblastic or myofibroblastic cells in the lesion are uniform and

strips of tan soft tissues from one entry point but towards different  have bland nuclear features with vascularized stroma with extravagated

directions of the mass were taken with the samples in 2mm in diameter  erythrocytes, fibrin, and lymphocytes. Mitoses are present but are not

and 15-20mm in length respectively. Histological sections reveal that the  atypical. A typical histologic finding is woven bone formation with a

cytological features of the lesion were similar to those of nodular fasciitis. conspicuous peripheral lining of osteoblasts. The histologic features were
consistent with MOT (Figure 6).
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Figure 6: Histology and immunohistology photos: A. 10x20 power view field displayed very typical histologic feature of MO: zonal maturation of
bone with osteoblastic rimming (arrows); B. 10x40 power field Some areas reveal that centralized proliferations of spindle fibroblasts and
myofibroblasts and mixed with mature bone (arrow heads); C and D. 10x20 power view filed demonstrated spindle fibroblasts (an arrow) and
myofibroblasts (an arrow head) with smooth muscle actin (SMA) expression (C, an arrow), but the myogenic marker Desmin (D) is negative (an
arrow head).

The final diagnosis needs USP6 gene (ubiquitin-specific protease 6)
rearrangements, which are present in most MOT cases. The FISH test

(fluorescence in situ hybridization) demonstrated the USP6 gene
rearrangement in the samples which is consistent with clinical and
histological diagnosis of MO (Figure 7 C).

Figure 7: Fluorescence in situ hybridization study: A. Negative control; B. positive control; C. the sample tested revealed positive for USP6 gene
breakage. Break-apart fluorescence in situ hybridization FISH) reveals rearranged USP6 (arrows).

Discussion

MO is a lesion characterized by calcification or ossification within muscle
or other soft tissues, typically occurring following trauma and hematoma
formation in the affected area [3]. Extra-skeletal bone formation was first
described by Guy Patin in 1692 and VVon Dusche in 1868, and was named
MOT[3]. MOT is primarily caused by changes in perimysium connective
tissue rather than the myocytes themselves. Inducible osteoprogenitor
cells (IOPCs) inthis tissue are responsible for the formation of heterotopic
bone in MOT. Under the influence of local and systemic factors, 10PCs
can differentiate into cartilage and bone cells. These cells are not fixed in
one location and can migrate through the bloodstream or lymphatic
system and have been observed in various anatomical sites such as lymph
nodes, skin, thymus, and spleen. This ability of IOPCs to form bone in
different areas beyond the injury site contributes to the development of
MOT [5].
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MOT usually occurs in response to traumatic injury without a direct
genetic cause, whereas FOP is a rare genetic autosomal dominant disorder
caused by mutations on chromosome 2 of the ACVR1 gene. The gene

encodes a receptor for a protein called bone morphogenetic protein
(BMP), which regulates boneand cartilage formation. This mutation leads
to the inappropriate activation of BMP signaling, resulting in abnormal
bone formation in soft tissues, often triggered by trauma [6]. However,
the brachialis muscle due to ischemia from habitual sleep positioning is
unusual in our case study.

In a case series reported by Saad A et al., it was observed that 73% of
MOT cases affected the muscles of the lower limbs, with 26% affecting
the upper limbs. The most commonly affected muscles in the lower limbs
were the quadriceps and thigh adductor muscles, while in the upper limbs,
the brachialis muscle was frequently involved. Additionally, MOT was
noted to occur in the pelvis, elbow, and shoulder regions [7]. Typically,
MOT manifests in young adults who are active in contacting sports, with
a predominance of males in their second and third decades of life [1, 2]
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that is consistent with our case of a young-aged male diagnosed with
MOT. It typically presents with pain, swelling, and a palpable mass at the
affected site, accompanied by restricted range of motion and functional
impairment of the involved muscle or joint [1].

MOT is characterized by the development of distinct zones within the
affected tissue, which is often referred to as the "zone phenomena." These
zones are considered landmark features of MO. The outer, middle and
inner zones each represent different stages of the process of bone
formation within the softtissue, reflecting the progression of the condition
over the time. Peripheral or outer zone typically consists of mature
lamellar bone with active osteoclasts and a collagenous fibrous stroma.
Middle zone contains active osteoblasts and immature osteoid, chondroid,
and woven bone tissue. Central or inner zone is characterized by
undifferentiated cells, hemorrhagic and necrotic muscular tissue, loose
fibro vascular tissue, spindle cells, and prominent giant mesenchymal
cells containing abundant normal mitosis [3]. MOT is diagnosed through
a comprehensive approach involving clinical evaluation, imaging studies
(such as X-rays and computed tomography (CT) scans), laboratory
investigations, and sometimes biopsy. The principal value of
ultrasonography is in differentiating between cystic and solid lesions.
Interestingly, ultrasonography reportedly is able to detect the zonal
pattern of MOT, especially in the early stages, even before calcification
is detected on CT [8]. Thomas et al [9] demonstrated the role of
ultrasonography in the early diagnosis of heterotopic bone formation.
They described three concentric zones: an outer hypoechoic zone that
surrounds the lesion, a middle hyperechoic zone that corresponds to the
calcifying rim, and a central hypoechoic zone that corresponds to the
central fibroblastic stroma (Figure 2). The advantages of ultrasonography
include the lack of radiation exposure, low cost, and used as an initial
screening investigation. Actually, in the early stages of MOT
development its utility is dependent on the experience and skill of the
operator, and ultrasonography is not recommended as the initial study for
suspected MOT. If MOT is encountered incidentally on ultrasonography,
confirmation is recommended with CT or correlation with serial
radiographs to confirm the classic zone of peripheral mature calcification
which is different from parosteal osteosarcoma in which calcifies in the
center and continues towards the periphery (inside-out).

The typical radiographic appearance of MO s circumferential
calcification with a lucent center and a radiolucent cleft (as we described
as “popcorn sign”) that separates the lesion from the cortex of the adjacent
bone. This pattern of peripheral predominate calcification is a clinically
significant feature which distinguishes this entity from (parosteal
osteosarcoma), which tends to contain centrally located calcifications.
The circumferential calcification with a lucent center and a radiolucent
cleft (string sign) separates the lesion from the cortex of the adjacent bone.
CT appearances are similar to those of plain radiography, demonstrating
mineralization proceeding from the outer margins towards the center
(outside-in). The cleft between them is visible. The peripheral rim of
mineralization is visible up to 4 weeks after onset of pain [10].

Radiographic changes can appear as early as two to three weeks post-
injury, and definitive bone formation is typically visible by two months
[10]. Triple-phase bone scans are particularly useful for early detection.
CT scans are more sensitive than X-rays for detecting ossification and
offer a three-dimensional perspective during the maturation phase of the
bone mass. MRI helps localize soft tissue lesions, though its utility
diminishes as ossification progresses. Ultrasound (USG) is highly
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sensitive in detecting the zone phenomenon in early MOT stages before
ossifications are visible on other modalities. Biopsy, guided by USG, is
crucial for histological confirmation and should encompass the entire
lesion. Laboratory tests, including elevated serum alkaline phosphatase
levels and erythrocyte sedimentation rate, also contribute to the diagnostic
workup [11, 12].

USP6 (ubiquitin-specific protease 6) was initially identified as an
oncogene in transfection experiments of Ewing sarcoma DNA. The USP6
gene is located on chromosome 17 at the p13 locus and encodes a protein
belonging to a large subfamily of deubiquitinating enzymes. The protein
primarily plays roles in intracellular transport, cellular transformation,
and inflammatory signaling and is expressed only in normal testicular
tissue. Recent studies have revealed that approximately 90% of patients
with nodular fasciitis have USP6 gene rearrangements, and 60-70% have
the MYH9-USP6 fusion gene. This discovery has resolved the long-
standing debate over whether nodular fasciitis is a reactive or neoplastic
lesion. With current ancillary diagnostic methods, nodular fasciitis can be
misdiagnosed as fibrosarcoma, myxofibrosarcoma, leiomyosarcoma, or
Kaposi sarcoma. However, USP6 gene testing, due to its specificity, can
significantly reduce such misdiagnoses. Similar USP6 gene
rearrangements have also been identified in myositis ossificans, primary
arteriovenous malformation, bone cysts (ABC, with an approximately
75% positive rate; no USP6 rearrangements in secondary ABC), and soft
- tissue ABC, which need to be differentiated [13-15].

Treatment strategies for MOT vary based on its stage and severity,
including conservative management, physiotherapy, and surgical excision
of the heterotopic bone with adjuvant radiotherapy. Conservative
approaches include utilizing the RICE principle (Rest, Ice, Compression,
and Elevation), administering nonsteroidal anti-inflammatory drugs
(NSAIDs) such as ibuprofen and naproxen for pain relief, and
implementing physiotherapy to maintain or enhance range of motion.
However, surgical excision is considered as a last treatment for
symptomatic MOT [7, 11]. In our case who had non-traumatic ischemic
compression during sleep along with MO caused by brachial ischemia
resulting in variable prognosis despite of conservative managements. The
lesion usually resolves itself if it is left untreated [16] (although it may
continue to grow for a short time) and does not recur if it is completely
excised in some cases. Patients may require long - term aggressive
physiotherapy to achieve good functional outcomes. In this case, the
patient was able to perform routine activities with mild discomfort after
physiotherapy and taking NSAIDs.

Conclusions

MOT is a real and obviously benign condition that can cause the
debilitating complication of muscle ischemia, and often leading to severe
limitations in joint function. Patients without a history of injury or with
unnoticed subtle compression of the muscles (as in our case) may develop
MO. It is essential to differentiaste MOT from other conditions with
similar features, such as malignant fibrous histiocytoma, soft-tissue
sarcomas (e.g., synovial sarcoma), malignant bone tumors, especially
parosteal sarcoma, calcific tendinitis, infectious osteomyelitis, extra-
skeletal osteosarcoma, and other types of MO. Diagnosing MOT requires
careful consideration of the clinical history, imaging studies (ultrasound,
X-ray, CT scan, and MRI), and biopsy for histopathological and
molecular confirmation. Early and accurate diagnosis is crucial to
reducing pain symptoms, preserving joint function, and optimize
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outcomes for individuals with MOT. However, the mechanism of the
muscles ischemia causing MOT needs further study in the future.

*Correspondence to: Dr. Jike Lu, Department of Orthopedic Surgery,
Beijing United Family Hospital, Beijing, China,
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