Head and Neck Pathol (2014) 8:187-193
DOI 10.1007/s12105-013-0480-x

CASE REPORT

Painful Unilateral Temporalis Muscle Enlargement: Reactive

Masticatory Muscle Hypertrophy

Christos D. Katsetos - Michael A. Bianchi -
Fizza Jaffery - Sirma Koutzaki - Mark Zarella -
Robert Slater

Received: 27 April 2013/ Accepted: 19 July 2013 /Published online: 31 July 2013

© Springer Science+Business Media New York 2013

Abstract An instance of isolated unilateral temporalis
muscle hypertrophy (reactive masticatory muscle hyper-
trophy with fiber type 1 predominance) confirmed by
muscle biopsy with histochemical fiber typing and image
analysis in a 62 year-old man is reported. The patient
presented with bruxism and a painful swelling of the
temple. Absence of asymmetry or other abnormalities of
the craniofacial skeleton was confirmed by magnetic res-
onance imaging and cephalometric analyses. The patient
achieved symptomatic improvement only after undergoing
botulinum toxin injections. Muscle biopsy is key in the
diagnosis of reactive masticatory muscle hypertrophy and
its distinction from masticatory muscle myopathy (hyper-
trophic branchial myopathy) and other non-reactive causes
of painful asymmetric temporalis muscle enlargement.
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Introduction

The management of a painful unilateral temporalis muscle
enlargement mandates a rigorous diagnostic evaluation of
potential underlying causes, which may include inflamma-
tory, neoplastic, vascular malformative, and myopathic
processes, as well as reactive hypertrophy of the temporalis
muscle [1-5]. Isolated unilateral temporalis muscle hyper-
trophy [4, 5], also known as reactive masticatory muscle
hypertrophy (RMMH) [3], is a rare cause of a painful soft
tissue swelling of the temple. To our knowledge, this is the
second report of RMMH with histochemical documentation
of muscle hypertrophy with fiber type 1 predominance. The
objective of this case report is to enhance awareness of this
obscure nosologic entity among practicing pathologists and
clinicians across disciplines dealing with the diagnosis and
management of head and neck lesions.

Case Report

The case of a 62 year-old-male with an eight-year history
of painful left temporal swelling of insidious onset is
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reported. The pain was constant, not paroxysmal, moder-
ately severe and not aggravated by jaw movement. It was
unresponsive to analgesics, anticonvulsants and muscle
relaxants. Until recently, the patient carried the diagnosis
of trigeminal neuralgia that was refractory to treatment.
Past medical history includes bruxism, sufficiently severe
to warrant a mouth guard, and an ill-defined old left cer-
vical (neck) injury sustained during his military service.
Laboratory investigations had been consistently unre-
markable (normal range erythrocyte sedimentation rate,
C-reactive protein and serum creatine kinase). On physical
examination, aside from the conspicuous left temporal
hypertrophy which was painful on palpation, there was a
slight asymmetry of the angle of the jaw and pterygoids
(Fig. 1a). No significant facial changes were discernible
involving the soft tissues above the maxilla and the naso-
labial fold. Moreover, there was no evidence of perioral,
periorbital, and/or neck asymmetry. There was also an
absence of alopecia, hyperpigmentation, or vitiligo in the
overlying skin (Fig. 1a). Neither retinal nor optic nerve
findings were identified.

The oral examination was consistent with a history of
bruxism. Fractured and abraded porcelain fused to metal
crowns with a flat plane occlusion and wear facets, espe-
cially in the molar region, were observed (Figs. 2, 3).
There was no evidence of ipsilateral lingual, palatal, or
gingival atrophy (Fig. 3).

MRI and Cephalometric Analysis

Magnetic resonance imaging (MRI) revealed an enlarged
left temporalis muscle with normal muscle signal intensity
(Fig. 1b). No contrast enhancement was present (not
shown). The CNS was essentially unremarkable. No cranial

Fig. 1 a Patient’s face frontal
view demonstrating swelling in
the left temporalis muscle
region (arrow). b Axial fluid
attenuated inversion recovery
(FLAIR) MR image showing
enlarged left temporalis muscle
with normal muscle signal
intensity (arrow)

@ Springer

Fig. 2 Panoramic film reveals no gross dental or skeletal pathology
of the maxilla or mandible. Temporo-mandibular joint positioned well
in fossa. Patient’s occlusal plane especially flat on left secondary to
bruxism

bone abnormalities were identified. Evaluation of the cra-
niofacial skeleton with MRI, skull A-P plain film and lat-
eral cephalometric analyses demonstrated no evidence of
facial skeletal asymmetry (Fig. 4a—c).

Muscle Biopsy

A muscle biopsy of the left temporalis muscle revealed no
evidence of an overt inflammatory process, either in the
context of focal myositis or fasciitis. A moderately
increased number of hypertrophic myofibers was detected,
with an absence of myopathic changes or perifascicular
atrophy (Fig. 5a, b). There was no evidence of tumor or
cavernous hemangioma.

On histochemical preparations stained for myofibrillar
ATPase, there was predominance of hypertrophic type 1
fibers (Fig. 5c, d). Rare, randomly dispersed, mildly to
moderately atrophic, predominantly type 1 and to a lesser
degree, type 2 fibers were also detected. Immunohisto-
chemical preparations for inflammatory markers using
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Fig. 3 a, b Maxillary and
mandibular arches exhibiting
occlusal wear of the porcelain
fused to metal crowns, exposing
the metal of the crowns on the
left posterior teeth. ¢, d Patient’s
class III occlusion demonstrates
classic features of bruxism
including flattening of the
occlusal plane, chipped
dentition and generalized
attrition, all of which are more
severe on the left side secondary
to excessive occlusal forces

Fig. 4 a Lateral cephalometric film. b Skull A-P plain film demonstrating symmetry of mandibular ramus. ¢ Cephalometric analysis reveals no

gross skeletal discrepancies

antibodies to CD3, CD4, CD8, CD20, and CD68 were
essentially negative.

Image Analysis

The Aperio Scanscope XT was used to generate high-
resolution (0.25 pum/pixel) whole-slide images of skeletal
muscle tissue. Images were converted to hue-saturation-
value space, and Otsu thresholding [6] was applied to the
saturation channel to segment individual fibers. Image co-
registration was performed manually; fibers that were not
clearly present in both images, or failed to properly seg-
ment in either image, were discarded from analysis. In
total, 426 fibers were analyzed. The diameter of each fiber

was estimated as the length of the minor axis of a best-fit
ellipse.

Fiber type was determined by comparing mean pixel
intensity within corresponding fibers from myofibrillar
ATPase preparations preincubated at pH 4.3 and pH 9.4
respectively. Generally, staining intensity was positively
correlated between the two images (Fig. 6, R* = 0.294).
Type 2 fibers typically appear lighter in the pH 4.3 prep-
aration (Fig. 5d) and darker in the pH 9.4 preparation
(Fig. 5c). Therefore, type 2 fibers were defined as those
that exhibited a substantial departure from the observed
correlated behavior. The fibers (Fig. 6, blue) that were
greater than 3.5 standard deviations away from the model
generated by linear regression (Fig. 6, dark line) were
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Fig. 5 Images of representative fields from cryosections of the
temporalis muscle biopsy. a, b Hematoxylin and eosin staining shows
a moderately increased number of hypertrophic fibers without
myopathic or inflammatory changes. ¢, d Myofibrillar ATPase

selected. Five putative type 2 fibers were identified using
this criterion, and are indicated in Fig. 7 by red arrows.
The diameters of putative type 1 and type 2 fibers are
shown in Fig. 8. The median diameter of type 1 fibers was
larger than that of type 2 fibers (59.0 vs. 56.3 pum), but this
difference was not statistically significant (Wilcoxon sign
rank test, p = 0.85), although perhaps due only to the small
number of type 2 fibers. To demonstrate that this was not a
result of our categorization criteria, Fig. 9 shows that a
correlation between fiber diameter and distance from the
regression line did not exist. These results imply that fiber
diameter was independent of differential staining intensity.

Discussion

In the absence of myopathic [3, 7], vascular malformative [8],
inflammatory [9, 10], or neoplastic [11-13] processes, the
diagnosis of RMMH was made on the basis of histologic
detection of myofiber hypertrophy and type 1 fiber predomi-
nance [3]. Predominance of* hypertrophied type 1 fibers has
also been described in masticatory muscle myopathy (hyper-
trophic branchial myopathy) [3, 14, 15]. However, no overt
myopathic changes were detected in the case presented. The
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histochemical preparations preincubated at pH 9.4 (a) and pH 4.3
(b), depicting fiber type 1 predominance. Scale bars (a) 200 pm; (b,
¢, d) 100 pm

patient was treated with botulinum toxin (Botox) injections
and experienced symptomatic relief for the first time.

The term reactive masticatory muscle hypertrophy
(RMMH) was coined by Harriman in 1996 who reported that
endurance exercise has a greater effect on the muscles of
mastication, as compared to appendicular muscles, whereby
the former react structurally by hypertrophy and progressive
type 1 fiber predominance [3]. In the present study muscle
fiber hypertrophy and fiber type 1 predominance were cor-
roborated by image analysis. The median diameter of type 1
fibers was found to be larger than that of type 2 fibers (59.0
vs. 56.3 um) although this difference was not statistically
significant. However, this may be attributed, in part, to the
small number of type 2 fibers. Our results confirm and aug-
ment previous observations by Harriman [3] with regard to
the alteration in fiber type distribution with total dominance
of type 1 fibers. At variance with the findings by Harriman,
according to which the mean fiber diameter of type 1 fibers in
their index case of RMMH was 39 um [3], the median
diameter of type 1 fibers in the present case was 59.0 um.
Interestingly, the latter is similar to the median diameter of
57 um in type 1 fibers, described by Lambert and colleagues
in masticatory muscle myopathy (hypertrophic branchial
myopathy) [14].
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Fig. 6 Scatter plot of mean pixel intensities for each of the 426
selected fibers after preincubation at pH 4.3 (abscissa) and pH 9.4
(ordinate). Red points correspond to putative type 1 fibers and blue
points correspond to putative type 2 fibers. The linear regression line
of all data points is shown in black. Putative type 2 fibers were
selected on the basis of their distance from the regression line,
consistent with the observation that type 2 fibers are considerably
lighter at pH 4.3 and darker at pH 9.4

Fig. 7 Image of myofibrillar ATPase preincubated at pH 4.3. Red
arrows correspond to the points classified as putative type 2 fibers in
Fig. 6

Masticatory muscles in humans have a somewhat differ-
ent fiber type composition as compared to trunk or limb
muscles [16, 17]. In the latter, myofibrillar ATPase histo-
chemical reaction yields two main fiber types of almost equal
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Fig. 8 Distribution of the diameters of the 426 selected fibers. Red
bars represent diameters of putative type 1 fibers and blue bars
represent diameters of putative type 2 fibers

size: Type 1 (slow-twitch/oxidative) and type 2 (fast-twitch/
glycolytic). Masticatory muscles have small type 2 fibers and
a fiber type of intermediate staining intensity between type 1
and type 2 fibers (type 1 M fibers). Given that biopsies of
temporalis muscle are exceptionally rare, normal reference
values regarding fiber diameter and fiber type distribution in
age matched controls are based mainly on postmortem data
reported in a small number of publications [3, 16, 17]. Using
myofibrillar ATPase histochemistry, Harriman reported
preservation of the checkerboard pattern of fiber type com-
position, similar with that encountered in trunk and limb
muscles, in a single temporalis muscle biopsy-derived nor-
mal control case from a 31-old-female [3]. In this case, the
distribution of type 1 and type 2 fibers was 38 and 36 %
respectively; however, transitional 2C fibers at 26 % were
significantly increased [3]. In the same study, group mean
values of percentage of fiber type composition in control
autopsy specimens of central temporalis muscle were
reported to be 48 % for type 1 fibers and 52 % for type 2
fibers [3]. In two of seven postmortem specimens of tem-
poralis muscle, fibers exhibited a normal mosaic pattern
while in the remaining five specimens they contained vari-
ously atrophic type 2 fibers intermingling with normal
appearing type 1 fibers [3]. This pattern was also confirmed
by myofibrillar ATPase histochemistry in autopsy-derived
temporalis muscle samples from 5 women and 5 men aged
71-91 years [17]. Myofiber size of normal human temporalis
muscle varies with age [3]. Group mean values of fiber type
size in control autopsy specimens of central temporalis
muscle are 34 um for type 1 fibers and 24 pm for type 2
fibers [3]. However, reference values for normal fiber type
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1307 Table 1 Differential diagnosis of isolated unilateral temporalis
muscle swelling
1250 I. Reactive masticatory muscle hypertrophy (MMH) (progressive
fiber type 1 predominance) [3]
II. Non-reactive MMH (modified after Harriman [3])
—
§ 100+ A. Genetic (or possibly genetic) MMH (fiber type 2
b hypertrophy) [3]
2 B. Congenital MMH [3]
.g 7y C. Masticatory muscle myopathy (hypertrophic branchial
"S myopathy) [3, 7, 14, 15]
§ 50 D. Vascular malformation—intramuscular cavernous
Ry I hemangioma [3, 8]
E. Inflammatory processes
25k Focal myositis [1]
Eosinophilic fasciitis [9]
Ascending (necrotizing) fasciitis secondary to odontogenic

0 . . . . . . . )
-3 -2 -1 0 1 2 3 4 5

Distance from regression line (standard deviations)

Fig. 9 Fiber diameter as a function of the distance from the
regression line, shown in Fig. 6, expressed in units of standard
deviation. This distance metric is used to assess the relative staining
intensities produced as a result of preincubation at pH 4.3 and pH 9.4.
Positive values correspond to fibers that are more lightly stained in pH
4.3 preparations and more darkly stained in pH 9.4 preparations. The
most positive values likely correspond to type 2 fibers. These data
reveal that fiber diameter is independent of the relative staining
intensities observed in the population

composition and fiber size remain unclear as they are based
on a very small number of postmortem control tissues from
disparate ages [3]. Also, these may be confounded by
regional heterogeneity of fiber type distribution in human
temporalis muscle [16]. Hence, in the most anterior portion
of the muscle, type 1 fibers constitute 46 % of all fiber types
as compared to the intermediate and the posterior portions
where they comprise 57 and 24 % respectively [16].

Collectively, fiber size and fiber type composition in the
muscle biopsy of the present case represent a major
departure from previously reported findings in normal
control temporalis muscle.

Clinicopathologic Correlations

RMMH is typically isolated and unilateral, although uni-
lateral temporalis muscle hypertrophy with contralateral
masseter muscle hypertrophy has also been reported [18].
Potential causes, local factors, and triggers in this regard
include bruxism, malocclusion, prognathism, dental caries,
loss of teeth, temporomandibular joint disease, and the
bony deformities produced by craniofacial trauma [3]. In
the absence of identifiable triggers, RMMH may be ascri-
bed to psychogenic factors [3].

Distinction of RMMH from non-reactive MMH is
mandatory and requires performance of muscle biopsy. The
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infections [10]

Idiopathic inflammatory myopathy [3]

Infective causes—submasseteric abscess (severe pain and
trismus) [3]

F. Neoplastic processes

Benign
Lipoma [4, 5]

Malignant
Intramuscular lymphoma [2]
Leukemic infiltration/granulocytic sarcoma [11]

Primary soft tissue sarcomas (liposarcoma and
rhabdomyosarcoma) [4, 5]

Metastatic tumors (carcinoma [12], melanoma [13], and
sarcoma)

differential diagnosis of unilateral temporalis muscle
hypertrophy is summarized in Table 1.

The etiology of the left RMMH in the present case is
conjectural. The patient’s history of bruxism, confirmed on
oral examination by a significant unilateral tendency of
abraded occlusion, is considered to be the proximate cause
and most likely exacerbating factor. The question of right-
sided hemifacial atrophy (involving the side of the face
opposite to the left temporal RMMH) in the context of
Parry-Romberg syndrome was entertained but effectively,
excluded on clinical grounds and on the basis of normal
MR imaging, dental analysis, panoramic radiographs, A-P
plain film and lateral cephalometric analyses. Hence, the
explanation that the RMMH on the left developed on a
compensatory basis owing to right-sided hemifacial atro-
phy is not tenable. Moreover, the facial pain in Parry-
Romberg syndrome occurs on the side of hemifacial atro-
phy while in the case under consideration the pain is
localized solely in the vicinity of the temporalis muscle
swelling.

It is noteworthy that the only symptomatic pain relief in
this patient was achieved after treatment with injections of
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botulinum A toxin, as previously reported in this clinical
setting [3, 5, 19]. One of the drawbacks of this treatment is
the need for periodic injections [5]. The reported problem
of tolerance to botulinum A toxin, owing to antibody
production, may be circumvented by switching to botu-
linum type F, keeping in mind that the duration of action of
botulinum F is shorter than botulinum A [19]. Another
treatment option is muscle reduction surgery, which carries
potential side effects such as trismus, fibrosis, and
decreased range of motion [5]. A symptomatic response to
acetominaphen has been reported [20], but analgesic
treatment was ineffective in the present case.

This case illustrates an instance of a painful RMMH in a
62 year-old man with bruxism, underscoring the impor-
tance of a comprehensive interdisciplinary team approach
to diagnosis and treatment planning. The patient attained
symptomatic improvement only following botulinum toxin
injections. Muscle biopsy is key in the diagnosis of a
painful asymmetric temporalis muscle swelling.
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