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Myofascial Pain: Ultrasound Width of the Masseter Muscle 

Aims: To determine whether subjects with temporomandibular disorders (TMD) 
manifesting as chronic myofascial pain (MFP) involving the masseter muscle 
present with significantly greater masseter muscle width, as evidenced by 
ultrasound, compared to individuals without MFP. Methods: A case-control 
study was carried out. A total of 31 subjects presenting with MFP of the 
masticatory muscles involving the masseter muscle and 35 controls with TMD 
but no diagnosis of MFP, matched by age and sex, were included. Ultrasound 
was used to measure the maximum width of both masseter muscles at the 
intermediate point between the origin and insertion of the muscle in the light 
occlusal contact (LOC) position and under maximum contraction. Each side was 
analyzed separately. Means were compared by using single-factor analysis of 
variance and Mann-Whitney U test; P < .05 was considered to reflect statistical 
significance. Results: In the study group, the right masseter muscle had a mean 
± standard deviation width of 8.6 ± 1.8 mm under LOC (controls: 8.6 ± 1.6 mm; 
P = .85) and 11.5 ± 2.1 mm under maximum contraction (controls: 11.7 ± 1.9 mm; 
P = .86). The analagous measures in the left masseter muscle were 8.6 ± 1.6 mm 
under LOC (controls: 8.2 ± 1.5 mm; P = .42) and 11.3 ± 1.8 mm under maximum 
contraction (controls: 11.5 ± 1.8 mm) (P = .79), respectively. The increase in 
width of the right masseter muscle was 2.9 ± 2.1 mm (controls: 3.1 ± 1.2 mm; 
P = .67) in absolute terms and 1.4 ± 0.3 mm (controls: 1.4 ± 0.2 mm; P = .91) 
in relative values (width at maximum contraction/LOC width). In the case of 
the left masseter muscle, the respective values were 2.8 ± 1.7 mm (controls: 
3.2 ± 0.9 mm; P = .25) and 1.3 ± 0.2 mm (controls: 1.4 ± 0.1 mm; P = .32). 
Conclusion: There were no statistically significant differences in masseter 
muscle width between MFP subjects and control subjects under LOC conditions 
or maximum contraction. The increase in width under maximum contraction 
was likewise not significantly different between the groups. J Oral Facial Pain 
Headache 2018;32:298–303. doi: 10.11607/ofph.1944
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Parafunctional activity of the masticatory muscles is considered a 
risk factor for temporomandibular disorders (TMD).1 The prospec-
tive cohort study carried out in the OPPERA project (Orofacial 

Pain Prospective Evaluation and Risk Assessment) detected a signif-
icant increase in the relative risk of painful TMD associated with fre-
quent or multiple parafunctional activities.2

Parafunctional habits imply increased muscle activity. In this re-
gard, there is evidence that exercises involving skeletal muscle con-
traction against external resistance are effective in improving muscle 
mass balance, as these exercises stimulate muscle protein synthesis. 
The result is muscle hypertrophy after chronic resistance training.3 
Muscle hypertrophy is not only induced by high-intensity contractions, 
as low-intensity training can result in increased muscle mass similar 
to that produced by high-intensity resistance training.4 Consequently, 
sustained muscle contraction against resistance, as found in parafunc-
tional habits, should result in an increase in muscle mass.

Considering parafunctional habits (increased activity of the masti-
catory muscles) to be a possible risk factor for myofascial pain (MFP) 
and assuming that chronic muscle activity against resistance causes 
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muscle hypertrophy, the hypothesis that emerges is 
that individuals with chronic MFP of the masticatory 
muscles will have larger-size (ie, wider) muscles than 
people without such disorders. 

The present study was designed to determine 
whether subjects with TMD manifesting as MFP in-
volving the masseter muscle present significantly 
greater masseter muscle width, as evidenced by ul-
trasound, compared to individuals without MFP.

Materials and Methods

This study was carried out in the Department of 
Stomatology and Maxillofacial Surgery of Valencia 
University General Hospital (Valencia, Spain) follow-
ing approval by the local Clinical Research Ethics 
Committee. A case-control design was used. A total 
of 31 subjects diagnosed with MFP of the mastica-
tory muscles was included between October 2014 
and January 2016, based on the following inclusion/
exclusion criteria: 

Inclusion Criteria
• A diagnosis of MFP (according to the Research 

Diagnostic Criteria for Temporomandibular 
Disorders [RDC/TMD]),5 with involvement of at 
least one of the two masseter muscles at one of 
the three diagnostic points (muscle origin, body, 
or insertion)

• A minimum evolution of 3 months from pain onset
• At least one occlusal contact in each posterior 

segment (premolars and molars)

Exclusion criteria:
• History of major surgery and/or radiotherapy in 

the maxillofacial region
• Minor surgery in the maxillofacial region during 

the previous 3 months
• Organic disease of either masseter muscle 

(cysts, tumors, infections) detected during 
magnetic resonance imaging (MRI) and/or 
ultrasound explorations

• Systemic muscle disease
• Under 18 years of age

A total of 35 controls matched by age and gender 
were selected from among subjects with TMD but 
without a diagnosis of MFP in the orofacial region. 
Of these subjects, clinical manifestations consistent 
with disc displacement with reduction were observed 
in 9, disc displacement without reduction in 2, joint 
pain in 4, osteoarthritis in 3, multiple diagnoses in 
7 (disc displacement with reduction plus arthralgia 
being the most common association), and no RDC/
TMD diagnosis in 7 subjects (3 with nonreproducible 

occasional sounds, 2 with signs of joint subluxation, 
1 with occasional block and sounds, and 1 with inter-
mittent block without sounds).

After the subjects signed an informed consent 
document, ultrasound was used to explore the tem-
poromandibular joints (TMJs) and masticatory mus-
cles (masseter and temporalis) on both sides in all 
the MFP subjects and control subjects. All the ex-
plorations were made by the same operator (P.M.), 
who was specialized in musculoskeletal ultrasound 
and blinded to the clinical diagnosis. An Aplio 500 
Premium ultrasound system with a linear probe oper-
ating in the range of 5 to 14 MHz was used (Toshiba).

With the subject in dorsal decubitus, the ultrasound 
probe was positioned perpendicular to the anterior 
margin of the masseter muscle and external surface of 
the mandibular ramus, between 2 and 2.5 cm above 
the lower mandibular margin. The subject was instruct-
ed to establish contact with the molar teeth of both 
arches, although without applying pressure (ie, light 
occlusal contact [LOC] position). Then the maximum 
transverse width of both masseter muscles from the 
internal band of the epimysium (external surface of the 
ascending mandibular ramus) to the external fascia at 
the intermediate point between the origin and insertion 
of the muscle was measured (Fig 1). The subject was 
then instructed to occlude the teeth with maximum 
force, and again, the width of both masseter muscles 
(likewise at the intermediate point between the origin 
and insertion of the muscle) was measured (Fig 2). 
The internal limit of the masseter muscle was marked 
by the interface between the external surface of the 
ascending mandibular ramus (bone) and the muscle. 
Both these structures exhibit clearly distinct echoge-
nicity, and the ultrasound characteristics of the exter-
nal limit of the masseter muscle are likewise different 
from those of the subcutaneous cellular tissue. In 
cases of doubt, the dynamic nature of the ultrasound 
exploration allows clear differentiation between those 
structures that contract (muscle) and those that do not 
(bone and subcutaneous cellular tissue).

Both sides were measured in all the study sub-
jects and controls. In the clinical setting, the pres-
ence of painful points on the side opposite the side 
where MFP is diagnosed is common and was seen 
in 7 of the 23 subjects (30%) in the present study. 
Initially, the side without an MFP diagnosis was in-
cluded in the study group in order to analyze and 
compare individuals with MFP to the corresponding 
control individuals, as muscle hyperactivity associat-
ed with MFP is assumed to be bilateral even if pain is 
only unilateral.6–10 In addition, the study specifically 
included the comparison of sides with a diagnosis of 
MFP to the corresponding control sides.

Comparison was made of the masseter mus-
cle width of the MFP subjects and controls under 
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both LOC conditions and at maximum contraction, 
followed by comparison of the increase in muscle 
width (amplitude) at maximum contraction both in ab-
solute terms (width at maximum contraction – LOC 
width) and as relative values (width at maximum 
contraction / LOC width; percentage of increment). 
Case-control comparisons were made by using sin-
gle-factor analysis of variance (ANOVA) for variables 
with a normal distribution, and the Mann-Whitney 
U test for variables with a non-normal distribution. 
Normal data distribution was assessed by using the 
Shapiro-Wilk test. Linear correlations were used to 
analyze the influence of MFP subject age and the du-
ration of the disorder on the main study variables. A 
statistical significance level of P < .05 was used in 
all cases.

Repeat measurements on the ultrasound images 
of 10 MFP subjects and 10 controls were carried out 
between 2 and 3 months after the first exploration 
with calculation of the intraclass correlation coeffi-
cient (ICC). Values of less than 0.4 were assumed to 
imply study suspension.11

The statistical analysis was performed using the 
SPSS version 22.0 statistical package for Microsoft 
Windows (IBM Corp).

Results

A total of 66 individuals were included in the study 
(31 MFP subjects and 35 controls). None of the MFP 
subjects or controls were excluded due to ultra-
sound-detected organic masseter muscle disease. 

Likewise, no subjects required exclusion a priori due to 
the absence of teeth in posterior segments, since the 
routine panoramic radiographs obtained on the first 
visit in all subjects with TMD excluded this possibility. 
The gender distribution was 8 males and 27 females 
in the control group and 1 male and 30 females in the 
study group. The mean age was 42.3 ± 17.5 years in 
the study group and 43.9 ± 16.9 years in the control 
group (F = 0.48; P = .49).

A total of 12 MFP subjects (38.7%) presented 
with MFP involving the right masseter muscle, 11 
(35.5%) presented with MFP involving the left mas-
seter muscle, and 8 (25.8%) presented with MFP in-
volving both masseter muscles.

The first step was to calculate the ICC (required 
for reliability and continuation of the study) based on 
10 MFP subjects and 10 controls selected at random 
between 2 and 3 months after the first measurement, 
again with blinding of the ultrasound evaluator. All the 
correlation coefficients were > 0.75, confirming the 
reliability of the measurements (Table 1).11

No significant differences were observed in 
masseter muscle width under LOC conditions or at 
maximum contraction between the MFP sides and 
corresponding control sides or between MFP sub-
jects and controls. Indeed, all the measurements were 
found to be very similar in both groups, with an appar-
ently low standard deviation (SD) (Tables 2 and 3). 

Likewise, there were no statistically significant 
differences in the increase in width (amplitude) of the 
masseter muscles between the MFP subjects and 
controls for either side in absolute terms (width at 
maximum contraction minus LOC width) or as relative 

Fig 1 Masseter muscle width under light occlusal contact con-
ditions.

Fig 2 Masseter muscle width at maximum contraction.

Table 1 Intraclass Correlation Coefficient (ICC) Values for Successive Measurements

Muscle n Pearson correlation coefficient R2 ICC
Right masseter (LOC) 20 0.86 0.74 0.84
Right masseter (contraction) 20 0.81 0.64 0.81
Left masseter (LOC) 20 0.93 0.87 0.93
Left masseter (contraction) 20 0.81 0.66 0.92 
LOC = light occlusal contact. 
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values (width at maximum contraction / LOC width) 
(Tables 2 and 3).

The influence of age on masseter muscle width 
was assessed by using linear regression analysis. 
The Pearson correlation coefficient revealed no sig-
nificant differences. The Spearman correlation coeffi-
cient based on the left masseter muscle under resting 
conditions likewise revealed no statistically significant 
differences. Linear regression analysis was also used 
to examine the influence of the duration of MFP (mean 
duration: 24.6 ± 31.6 months; range 3 to 120 months) 
on masseter muscle width among the MFP subjects 
and revealed no significant correlation (Table 4).

Discussion

According to the working hypothesis, the masticatory 
muscles of subjects with chronic MFP should be of 
greater width under resting conditions and with a 
lesser increase in width under contraction compared 
to the healthy controls. The present study identified 
no significant differences in either variable in the 
masseter muscles of subjects suffering MFP with in-
volvement of these muscles.

The RDC/TMD has undergone constant revision 
since its first introduction in 1992.12 The classification 

published in 2014 includes MFP as a subcategory of 
myalgia.13 The design of the present study predates 
the publication of this revised classification; as a re-
sult, the present study followed the RDC/TMD crite-
ria that consider MFP as a major category comprising 
two subcategories (with limited opening and without 
limited opening). 

Only two publications in the literature have been 
found comparing a hypothesis similar to that of the 
present study. One of them (Ariji et al14) detected sta-
tistically significant differences in masseter muscle 
width under resting conditions and in percentage of 
width increase between MFP subjects and controls.14 
Ariji et al recorded greater resting width in the MFP 
subjects (9.7 ± 2.5 mm vs 8.28 ± 1.73 mm) and a 

Table 2  Transverse Width of the Masseter Muscles of MFP Subjects (Considering Only Affected 
Side) and Control Subjects Under LOC Conditions and at Maximum Contraction

MFP right side, 
mean ± SD  

(n = 20)

Controls right 
side, mean ± SD 

(n = 35)

MFP left side, 
mean ± SD  

(n = 19)

Controls left 
side, mean ± SD 

(n = 35)
Contrast 

test P value
RM (LOC) (mm) 8.6 ± 1.8 8.6 ± 1.6 0.19 .85
RM (C) (mm) 11.5 ± 2.1 11.7 ± 1.9 0.18 .86
∆ Absolute RM (mm) 2.9 ± 2.1 3.1 ± 1.2 –0.43 .67

∆ Relative RM (%) 1.4 ± 0.3 (37.2) 1.4 ± 0.2 (38.0) –0.1 .91

LM (LOC) (mm) 8.6 ± 1.6 8.2 ± 1.5 0.81 .42
LM (C) (mm) 11.3 ± 1.8 11.5 ± 1.8 0.27 .79
∆ Absolute LM (mm) 2.8 ± 1.7 3.2 ± 0.9 –1.17 .25

∆ Relative LM (%) 1.3 ± 0.2 (34.5) 1.4 ± 0.1 (40.6) –1.24 .32 

MFP = myofascial pain; RM = right masseter; LM = left masseter; LOC = light occlusal contact; C = contraction; ∆ = Increase.

Table 3  Transverse Width of the Masseter Muscles of MFP Subjects (Considering Both Sides) and 
Controls Under LOC Conditions and at Maximum Contraction

Muscle

Width (mm) Contrast 
test

P 
value

95% CI  
(difference of means)MFP subjects Controls

Right masseter (LOC) (mm) 8.9 ± 1.9 8.6 ± 1.6 0.77a .44 –0.5, 1.2
Right masseter (C) (mm) 11.8 ± 2.2 11.7 ± 1.9 0.25a .80 –0.9, 1.1
Left masseter (LOC) (mm) 8.5 ± 1.4 8.2 ± 1.5 523.0b .80 –0.4, 1.0
Left masseter (C) (mm) 11.4 ± 1.8 11.5 ± 1.8 0.13a .89 –0.9, 0.8
∆ in right masseter width (mm) (relative %) 2.9 ± 1.4 (32.6%) 3.1 ± 1.2 (36.0%) 517.5b .75 –0.8, 1.1

∆ in left masseter width (mm) (relative %) 2.9 ± 1.7 (37.9%) 3.3 ± 0.9 (40.2%) –0.96a .34 –1.0, 0.4

Contraction/LOC width ratio of right masseter (mm) 1.3 ± 0.3 1.4 ± 1.2 447.0b .22 –1.4, 0.1
Contraction/LOC width ratio of left masseter (mm) 1.3 ± 0.2 1.4 ± 0.1 –0.99a .33 –1.4, 0.1
aSingle-Factor ANOVA.  bMann-Whitney U test. ∆ = Increase; LOC = light occlusal contact; C = contraction. CI = confidence interval. 

Table 4  Relationship Between the  
Duration of Myofascial Pain and 
Masseter Muscle Width

Muscle Coeff β P value R2

Right masseter (LOC) 0.01 .23 0.05
Right masseter (C) –0.09 .63 0.01
Left masseter (LOC) 0.2 .08 0.11
Left masseter (C) 0.34 .06 0.12 

Coeff β = standardized coefficient; LOC = light occlusal contact;  
C = contraction.

© 2018 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



302 Volume 32, Number 3, 2018

Poveda-Roda et al

greater width increment in the controls (23.9% vs 
38%). These results differ from those of the present 
study. Although these discrepant results could be due 
to differences in the age of the MFP subjects (28.6 
± 5.6 years in Ariji et al vs 42.3 ± 17.5 years in the 
present study), ethnic composition (Asian in Ariji et al 
vs Caucasian in the present study), or gender distri-
bution (Ariji et al only included women), they are more 
likely explained by methodologic differences. In ef-
fect, one of the inclusion criteria in the present study 
was involvement of at least one of the two masseter 
muscles at some point, while Ariji et al did not state 
this as a requisite. Furthermore, the LOC position in 
the present study was defined by occlusal contact 
between the molars of the two dental arches without 
exerting pressure,15 while Ariji et al did not specify the 
resting position in their study. Lastly, the analysis in 
the present study was made for each side separately 
(right and left), while Ariji et al used the value of the 
side with the most severe pain. Despite the above, the 
differences in the results obtained do not necessarily 
imply that the conclusions of the two studies are con-
tradictory. The increase in width recorded by Ariji et al 
was not interpreted as a consequence of the increase 
in muscle mass secondary to widening of the fibers, 
but rather as an effect of the edema caused by psy-
chological stress or prolonged muscle work.16,17

The second article identified in the literature re-
ported only significant differences in right masseter 
muscle thickness between MFP subjects and their 
controls, but, unexpectedly, thickness was found to 
be greater in the control group (11.16 ± 1.37 mm vs 
10.07 ± 1.45 mm, respectively).18 With the exception 
of the dimension of the right masseter muscle under 
resting or LOC conditions, the results of both studies 
are similar. The criteria used to diagnose MFP were 
also similar,5 and in contrast to Ariji et al, this sec-
ond study also defined the involvement of at least one 
masseter muscle at some point as an inclusion crite-
rion. The authors in turn defined the resting position 
as 8 to 9 mm of separation between the teeth without 
applying pressure from the masticatory muscles. This 
definition is probably more consistent with the phys-
iologic resting position of the mandible, although it 
can generate important reproducibility problems that 
are largely avoided by using the LOC position.

Positioning of the probe represents a potential 
source of bias in the ultrasound exploration. Emshoff 
and Bertram found that the maximum width is ob-
served in the middle portion of the masseter muscle 
and that measurements from various positions at one 
level barely differ provided the ultrasound probe is 
kept perpendicular to the long axis of the muscle.15,19 
Both the present study and the two studies used to 
compare the results made use of this ultrasound ex-
ploration procedure. 

A considerable number of studies have examined 
the relationship between masseter muscle thickness 
as determined by ultrasound and facial growth pat-
tern,20,21 malocclusions,22 dental condition,23,24 and 
even gender.21,25,26 These variables were not consid-
ered in the present study, since doing so would have 
fragmented the sample into too many subgroups, 
thereby adversely affecting statistical power. 

Palinkas et al observed no significant differenc-
es in masseter muscle thickness between individu-
als with bruxism diagnosed by polysomnography and 
controls without bruxism.27

Neither the present study nor the comparator 
studies found in the literature performed measure-
ments by several examiners. The ICC for explora-
tions of this kind is therefore not known. However, the 
studies published by Emshoff and Bertram justify the 
methodology used.15,19

Although the results obtained do not allow rejec-
tion of the null hypothesis, some of the data obtained 
suggest that rejection of the alternative hypothesis 
cannot be ruled out entirely. In effect, with the excep-
tion of the left masseter muscle under contraction, all 
the values were higher in the MFP subjects than in 
the controls and the relative increase in muscle width 
under contraction was greater among the controls.

The present study had a number of limitations. 
On one hand, although previous publications justify 
the methodology used, no inter-examiner concor-
dance analyses were made. On the other hand, the 
design included individuals of both sexes, although 
there was only one male in the study group vs eight 
in the control group. No significant gender differenc-
es in masseter muscle width were observed in the 
study group. However, other authors have recorded 
gender differences.21,28 The two comparator studies 
found in the literature only included women. Although 
there are some exceptions,29 most studies support 
the hypothesis that maximum bite force decreases in 
individuals with MFP.30,31 No methods were used to 
determine bite force and relate it to the increase in 
masseter muscle width. This therefore constitutes a 
limitation of the study that could influence the results 
related to maximum contraction, but would not affect 
the LOC measurements, which constitute a main fea-
ture of the study.

The present study contributes new information to 
a subject that has been investigated little to date. To 
the authors’ knowledge, this is the first study involv-
ing standardized clinical diagnostic criteria with re-
producible LOC and maximum contraction positions 
and an analysis of each side (MFP diagnosis vs no 
MFP diagnosis) independently.

The relevance of this study is related to the ab-
sence of changes in the dimensions of the masse-
ter muscle in subjects presenting with MFP with 
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involvement of this muscle. This suggests the need 
to reconsider the hypothesis of an increase in mus-
cle mass associated with muscle hyperactivity in the 
context of this disease condition.

Conclusions

No statistically significant differences were found 
in the width of the masseter muscles between MFP 
subjects with involvement of these muscles and con-
trol subjects as determined by ultrasound under LOC 
conditions or maximum contraction.
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