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Abstract: Myositis ossificans traumatica (MOT) is a rare heterotopic ossification disease which rarely occurs in
masticatory muscles and thus, only 28 cases have been reported in the English literature since 2001. We present
an unusual long-term case of MOT in temporalis muscle. The treatment protocol involved a radical lesion resection
and bilateral coronoidectomy. According to the literature review, this is the first report of a case which utilized digital
medicine techniques to aid in MOT surgical treatment. A conclusion of pathogenesis hypotheses and different treat-

ment methods is also presented.

Keywords: Myositis ossificans traumatica, digital medicine, temporalis muscle

Introduction

Myositis ossificans (MO) is a rare heterotopic
ossification disease involving muscles or soft
tissues [1]. Myositis ossificans has been tradi-
tionally classified into 2 groups: myositis ossifi-
can progressiva (MOP) and myositis ossificans
traumatica (MOT), also known as post-traumat-
ic MO (PTMO) [2] or myositis ossificans circum-
scripta (MOC) [3]. MOP is an autosomal domi-
nant disease which causes symptoms from
early infancy and involves several muscles. The
consequent functional limitations are progres-
sive and handicapping. MOT is a more circum-
scribed form, which involves single muscle, or
muscle groups, subjected to violent or repeat-
ed trauma [4].

MOT is likely occurring in the femoral region, or
brachium, but rarely in masticatory muscles.
Thus, only 28 cases involving masticatory mus-
cles have been reported in English literature
since 2001 [5-13]. Among them, there are
approximately 42.9% (12 cases) involving the
temporalis muscle. Therefore, the temporalis
muscle is one of the most vulnerable muscles
of MOT in maxillofacial regions. The most ac-
credited treatment is a radical surgical exci-

sion. However, because of the complex maxi-
llofacial structure and the unpredictable vascu-
lar variation, the surgery can be very challeng-
ing. In this case, we successfully implement-
ed computer-assisted surgery (CAS) and com-
puter-aided design/computer-aided manufac-
ture (CAD/CAM) techniques to aid in MOT ex-
cision and intraoperative maxillofacial recon-
struction. To the best of our knowledge, this is
the first case utilizing digital medicine tech-
niques in MOT surgery.

In this article, we present an unusual MOT case,
with the longest duration (45 years) and the
most severe symptom (maximal mouth open-
ing=0 mm) among all the cases reported in
English literature since 2001. Furthermore, we
discuss the treatment protocol, including the
use of digital medicine techniques to improve
the surgical outcome.

Case report

A 49-year-old Chinese woman was referred to
the Department of Oral and Maxillofacial
Surgery, Ninth People’s Hospital (Shanghai,
China) with a complaint of a reduced mouth
opening for 45 years. The patient experienced a
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Figure 1. Preoperative CT imaging demonstrated ossification in the lower part of the right temporalis muscle (black

arrow). A. Horizontal view. B. Coronal view.

Figure 2. Three-dimensional reconstruction of the lesion. A. Space relationship of zygomatic arch, coronoid process
and the ossified mass (yellow). B. The ossified mass (anterior view).

fall accident when she was 4 years old, and
thereby developed a gradually reduced mouth
opening. The patient had received no treat-
ments before being referred to our hospital,
and she had a diet of only soft food in small
pieces.

Clinically, the patient was moderately nour-
ished and demonstrated no evidence of devel-
opmental abnormalities. No facial asymmetry
was obvious and the maximal incisal opening
(MIO) was O mm, without temporomandibular
joint (TMJ) clicking. Despite the limited range
of motion, the patient reported no associated
pain in the TMJ region upon palpation. The pa-
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tient’s dental hygiene was poor due to the
reduced mouth opening.

CT scanning (Figure 1) revealed an expand-
ing, hyperdense mass in the lower part of
the right temporalis muscle, indicating hetero-
topic bone formation. A three-dimensional re-
construction (Figure 2) was performed with
the help of Simplant Pro 11.04 software (Ma-
terialise Dental, Leuven, Belgium), which show-
ed an ossified mass overlapped the right coro-
noid process and zygomatic arch.

Accounting for her trauma history and clinicora-
diological results, the patient was diagnosed

Int J Clin Exp Med 2016;9(12):23713-23720



Case report and literature review of myositis ossificans traumatica

Figure 3. Digital templates were used to guide osteotomy and titanium plate implantation. A, B. Zygomatic arch tem-
plate used to drill location holes and to do temporary zygomatic arch osteotomy. C, D. Coronoid process templates
used to do bilateral coronoidectomy. The white arrow shows the ossified mass. E. Reconstruction of zygomatic arch
with titanium plate according to location holes. F. Intraoperative forced maximal incisal opening was 43 mm.

Figure 4. Excised tissue specimen and pathological microphotograph. A. Extracorporeal specimen showed the long
axis of ossification mass was 14 mm. B. Microphotograph identified the hyperplasia of bone and osteoid within

muscle fibers (Haematoxylin-eosin stain, magnification: 100x).

with MOT in the lower part of the right tempora-
lis muscle.

Under general anesthesia, we performed the
surgical excision through a modified preauricu-
lar approach which extended from earlobe to
the temporal region to expose the zygomatic
arch. To remove the ossification located on the
inside of the coronoid process and reduce the
tension on the mandible, bilateral coronoidec-
tomy and bilateral masseter attachments re-
mission were performed. Furthermore, we cut
off the zygomatic arch temporarily to secure
that the ossifying mass can be removed en
bloc. In addition, digital templates, which were
manufactured with CAD/CAM techniques pre-
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operatively, were applied in both the ossifica-
tion resection and zygomatic arch osteotomy,
making the surgery more accurate as well as
less time-consuming (Figure 3A-E). The long
axis of the ossification mass was 14 mm and
the forced MIO achieved intraoperatively was
43 mm (Figures 3F and 4A). The healing period
was uneventful and a postoperative mouth-
opening physiotherapy was advised for at le-
ast 1 month. The patient claimed no facial
numbness after surgery.

Histopathology of the excised tissue specimen
(Figure 4B) identified the hyperplasia of the
bone and osteoid, surrounded by muscle
tissue.
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Figure 5. CT imaging and three-dimensional reconstruction (1 year after surgery). A. CT imaging revealed no residual
ossification mass and formation of bony callus (black arrow); B. Three-dimensional reconstruction of craniofacial
region revealed reconstructed zygomatic arch and absence of coronoid process.

Figure 6. Occlusion and facial ap-
pearance (1 year after surgery). A.
Neutroclusion (Class I); B. Maximal
incisal opening (MIO) was 17 mm,
no apparent facial asymmetry was
noticed.

Postoperative CT scanning (Figure 5A) and
three-dimensional reconstruction (Figure 5B)
showed the complete resection of the ossifica-
tion mass and the accurate reconstruction of
the right zygomatic arch. Neither facial numb-
ness nor pain was apparent 1 year after the
surgery. The occlusion was neutral and MIO
was 17 mm (Figure 6).

Discussion

MOT involving the temporalis muscle is a rare
disease with only 8 cases reported in the
English literature from 2001 to 2015 (Table
1). All of them shared a definite history of fa-
cial trauma and a common complaint of re-
stricted mouth opening. Although the duration
of MOT symptoms varied from 40 days to 25
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years, no recurrences have
been reported after excision.
In general, the mean age of
MOT patient was 33.8 years
(range, 12-68 years), and a
male to female predominan-
ce of 4:3 was observed (Table
2). According to the literature
review, the duration of our
case (45 years) is the longest
among all the MOT cases in-
volving masticatory muscles
in the English literature.

As its name suggests, MOT
is mainly caused by trauma,
which can be both iatrogenic
and non-iatrogenic. According to the previous
research, several causes of MOT have been
revealed: tooth extraction [1, 14], local anes-
thetic injection [14, 15], dental surgery [4],
alcohol injection [16], genioplasty, badly per-
formed orthodontic treatment [10], facial skel-
eton fractures [17] and facial trauma. Although
all the factors above have been considered to
be the triggers of MOT, the exact mechanism
for the pathogenesis remains unclear. Several
theories have been proposed. The most accred-
ited hypothesis was proposed by Carey EJ [18].
It has been mentioned in many scientific arti-
cles [2, 10, 11, 14], suggesting 4 main theories
for the development of MOT: (1) displacement
of bony fragments into the soft tissue with sub-
sequent osteoprogenitor cells proliferation; (2)
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Table 1. Case reports of MOT involving temporalis muscles (8 cases reported since 2001)

Patient

Author Chief complaint  History of trauma Duration Treatment Outcome
(Age/Gender)
Reddy et al [9] 21/M Trismus Hit by a heavy vehicle jack rod 2 months Excision + ipsilateral coronoidectomy No recurrence
Nemoto et al [24] 39/M Trismus; mass Repeatedly struck on the face with a plastic hammer >1year Excision + bilateral coronoidectomy No recurrence
Guarda-Nardini et al [25] 50/M Pain; trismus Trauma injury 40 days Injection + coronoidectomy No recurrence
Conner and Duffy [14] 18/F Pain; trismus Anesthetic injection + teeth extraction 4 months Extended excision + ipsilateral No recurrence (after the third
coronoidectomy + disarticulation surgery)

Mazano et al [26] 51/M Trismus; mass Severe trauma 25 years Excision No recurrence
St-Hilaire et al [15] 68/M Trismus Anesthesia injection + tooth treatment 2 weeks  Excision + ipsilateral coronoidectomy No recurrence
Saka et al [27] 33/M Trismus; pain; swelling Blunt trauma 3 weeks Excision No recurrence
Mevio et al [4] 55/F Trismus Dental surgery 18 months Excision + ipsilateral coronoidectomy No recurrence

F: Female; M: Male.
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Table 2. Clinical features of MO involving
the masticatory muscles (28 cases reported
since 2001) for 16 males and 12 females

Parameter Patients, n  Percentage, %
Location
Masseter 9 32.1
Lateral pterygoid 9 32.1
Medial pterygoid 14 50.0
Temporalis 12 42.9
Chief complaint
Trismus 26 92.9
Pain 10 35.7
Mass 6 21.4
Swelling 7 25.0
Tenderness 3 10.7
Epilepsy 1 0.04
Recurrence
No 16 57.1
Yes 6 21.4
Unknown 6 21.4

detachment of periosteal fragments into the
soft tissue with subsequent osteoprogenitor
cells proliferation; (3) migration of subperios-
teal osteoprogenitor cells into the surrounding
soft tissue, through a periosteal perforation
induced by trauma; (4) metaplasy of extraosse-
ous cells exposed to bone morphogenetic pro-
teins (BMP). Another widely accepted hypothe-
sis, cited by many articles [10, 19-21], suggests
that MOT results from an initial intramuscular
hemorrhage and the proliferation of vascular
granulation tissue.

CT, magnetic resonance imaging (MRI) and
panoramic radiograph are efficacious tools in
locating, as well as shaping the ossification
mass. The pathognomonic feature of MO is a
well-circumscribed, high-attenuating periphery
with a low-attenuating central portion [11],
which is compatible with our case (Figure 1).
According to Arima R et al [22], the interval
between the trauma and the first detection of
ossification mass ranged from 3 weeks to more
than 20 years.

Although surgeons are well-equipped in de-
tecting the ossification mass, it is still challeng-
ing to make the definitive diagnosis between
MOT and other diseases which can result in
a restricted mouth opening. Spinzia A et al
[10] suggests that both intra-articular (ankylo-
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sis, the anchored disc phenomenon, and bilat-
eral anterior disc displacement without reduc-
tion) and extra-articular (infection, foreign body
reaction, musculoskeletal injury or disorder, en-
largement of the coronoid process and neo-
plasm) causes must be considered in the diag-
nostic hypotheses. Therefore, a definite history
of trauma will contribute to the diagnosis of
MOT and the planning of surgical treatment.

Different treatment strategies of MOT have
been proposed in literature. Usually, a radical
excision of the ossified mass is adopted by
most surgeons, however, the surgical timing is
controversial. Some authors [22, 23] hold the
view that early surgical intervention(within 6
weeks after symptoms emerged) will lead to
an ideal prognosis, whereas others [10, 14] in-
sist the surgical excision should not be per-
formed until the ossification is matured, usually
at 6 to 12 months after the onset, to avoid
recurrence. Other therapies includes: physio-
therapy, medical therapy (nonsteroidal anti-in-
flammatory drugs, warfarin, etc.) and low-dose
radiation therapy [20]. To date, the effective-
ness of nonsurgical therapy for MOT remains
unclear, and requires further research.

Although the radical surgical excision is a world-
accredited treatment for MOT, it remains chal-
lenging due to the complexities of the cra-
niomaxillofacial anatomy. Excessive bleeding,
facial nerve injuries, and incomplete resec-
tion of lesions are the main complications.
Nevertheless, the advent of CAS and CAD/
CAM techniques makes the change. Digital
medicine, as an uprising branch of modern
medicine, possesses significant advantages
such as accurate, customizable, minimally inva-
sive, etc. With the application of CAS and CAD/
CAM techniques, we reconstructed a three-
dimensional craniomaxillofacial model accord-
ing to the CT data, manufactured customized
digital templates and performed surgery simu-
lation. During the surgery, with the help of the
digital templates and the three-dimensional
model, surgeons can easily determine the loca-
tion and depth of osteotomies. Consequently,
not only minimal invasion but also fewer com-
plications were achieved during and after the
surgery.

By following the patient for 1 year, we found

that her MIO decreased to 17 mm as well as
the occlusion was neutral and stable. Due to
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the long-term trismus, masticatory muscles
strength declined, which in turn led to a restri-
cted mouth opening. The further recovery of
opening requires time and exercise.

It must be pointed out that not all MOT pa-
tients should adopt surgical treatment. The
surgical excision is recommended only if the
patient has persistent pain or severe restrict-
ed motion. Given the long duration of the
disease (45 years) and severe reduced mouth
opening (MIO=0 mm), a radical excision of the
ossified mass was performed.

Conclusion

MOT involving the temporalis muscle is unusu-
al, with confusing terms of diagnosis. However,
its pathognomonic radiographic features and
history of trauma will contribute to a definitive
diagnosis. In this report, we present a rare case
with a disease duration of 45 years. A positive
outcome was obtained by performing the sur-
gical excision with CAS and CAD/CAM tech-
niques. Nevertheless, further research of path-
ological mechanisms of MOT is highly needed.
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