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a b s t r a c t

We evaluated lateral pterygoid muscle volume in closed and open mouth positions in association with
anterior disc displacement, effusion and abnormal articular disc shape from three-dimensional reforma-
tions of MRI. A total of 24 MRI of a sample (15 females, 9 males) aged 19–64 years (37.2 years ± 11.4)
were assessed. Segmentation and volumetric assessment of the total, upper and lower heads of the lateral
pterygoid muscle were performed using free software. The upper head of the lateral pterygoid muscle
had a smaller volume than the lower head at both sides, in the closed- and open-mouth positions. In
the open-mouth position, individuals with a subdivided upper head, where one component was inserted
RI, Diagnostic imaging in the articular disc and another in the mandibular head, displayed a significantly larger volume of the
upper head compared to individuals who had a single attachment to the articular disc (p = 0.0130). The
lateral pterygoid muscle has different volumes in the closed- and open-mouth positions. Gender affected
muscle volume, specifically the upper head component. Insertion type in the upper head also seemed to
affect muscle volume.

© 2016 Elsevier GmbH. All rights reserved.
. Introduction

During the past decades, an increasing number of studies have
ocused on the temporomandibular joint (TMJ) because of its
omplex anatomy and relatively high susceptibility to pathologi-
al alterations (Costa et al., 2008a, 2008b, 2014; Dworkin, 2010;
workin and LeResche, 1992; Lopes et al., 2012). Such alterations
ften result in symptoms that characterize a temporomandibular
isorder (TMD). The anterior articular disc displacement represents
he most prevalent TMD (Costa et al., 2008a). Diagnosis in these
ases requires precise location of the disc, usually via magnetic
esonance imaging (MRI) (Costa et al., 2008b; Tomas et al., 2006).

This imaging technique also allows for the assessment of
uscles of mastication and their possible involvement in TMD
Balcioglu et al., 2009; Barriere et al., 2009; D’Ippolito et al., 2010;
arrugia et al., 2007; Goto et al., 2002; Imanimoghaddam et al.,
013; Lamey et al., 2001; Mazza et al., 2009; Ng et al., 2009; Omami

∗ Corresponding author at: Department of Orthodontics, UNICID, Rua Cesário
aleno 448, Bloco A. Tatuapé, 03071-000 São Paulo, Brazil. Tel.: +55 11 2178 1294;

ax: +55 11 2178 1355.
E-mail address: alfcosta@gmail.com (A.L.F. Costa).

ttp://dx.doi.org/10.1016/j.aanat.2016.05.007
940-9602/© 2016 Elsevier GmbH. All rights reserved.
and Lurie, 2012; Schellhas, 1989; Taskaya-Yilmaz et al., 2005). The
lateral pterygoid muscle (LPM) represents one of the most impor-
tant muscles in the physiology of mastication, and, inserted in the
TMJ, it acts in mandibular opening, lateral movement and protru-
sion (D’Ippolito et al., 2010; Omami and Lurie, 2012). The LPM is a
symmetric paired muscle, located in the interior of the infratempo-
ral fossa, formed by an upper head (connected to the TMJ articular
disc) and a lower head (Imanimoghaddam et al., 2013; Mazza
et al., 2009; Omami and Lurie, 2012). Articular disc displacements
without reduction or effusion may result from alterations in the
physiology of muscles of mastication (Costa et al., 2008a; D’Ippolito
et al., 2010).

Previous studies report increased LPM volume occurring in par-
allel to (and on the same side as) unilateral mastication (Goto
et al., 2002), and greater thickness of this muscle is associated with
anterior disc displacement and articular hypermobility (Benington
et al., 1999). However, some authors suggest that anterior articular
disc displacement without reduction may correlate with atrophy
of the upper head of the lateral pterygoid muscle (Balcioglu et al.,

2009).

In this study, we used MRI to evaluate associations between
lateral pterygoid volume – total muscle, upper and lower head vol-
umes – in open- and closed-mouth positions with TMDs, including

dx.doi.org/10.1016/j.aanat.2016.05.007
http://www.sciencedirect.com/science/journal/09409602
http://www.elsevier.com/locate/aanat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aanat.2016.05.007&domain=pdf
mailto:alfcosta@gmail.com
dx.doi.org/10.1016/j.aanat.2016.05.007
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Table 1
Sample characteristics: gender, age and TMJ  pain.

Characteristics Gender

Female Male Total

n % n % n %

Age
≤39 10 66.7 4 44.4 14 58.3
≥40  5 33.3 5 55.6 10 41.7
Pain
No  10 66.7 5 55.6 15 62.5
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Yes  5 33.3 4 44.4 9 37.5

Total 15 100.0 9 100.0 24 100.0

nterior articular disc displacements, effusion, and morphological
lterations in the articular disc.

. Materials and methods

.1. Sample selection

The images were originally taken as part of previous research.
fter approval by the UNICID Research Ethics Committee (protocol
umber 13350813.1.0000.0064), MRI  from 24 patients (15 women
nd 9 men) between 19 and 64 years of age (37.2 years ± 11.4)
ere selected for analysis, from an initial sample derived from 57

ndividuals. Discarded images were not clear enough, as per the
xclusion criteria discussed below. Five of the 24 patients were
iagnosed with anterior articular disc dislocation and effusion, 6
ad only anterior articular disc dislocation, 3 had only effusion,
nd the remaining 10 were negative for both TMDs. Based on the
hysical exams performed prior to this study, 33.3% of women and
4.4% of men  reported TMJ  pain (Table 1).

Two dentomaxillofacial radiologists evaluated the MRIs in the
pen- and closed-mouth positions to describe disc morphology
nd diagnose dislocation and/or effusion. The position of articu-
ar discs was defined based on previously established criteria using
arasagittal images (Lopes et al., 2012). Discs were considered nor-
ally positioned when, in a closed mouth, their posterior band

ligned with the superior part of the mandible head, an anterior
rticular disc displacement was defined by the anterior positioning
f the posterior band of the disc in relation to the mandible head.
n MRIs of open mouths, the anterior dislocations were grouped as
with reduction” – when the posterior band of the disc realigned

ith the mandible head – or “without reduction” – when the disc
aintained an anterior position in relation to the articular tubercle

Taskaya-Yilmaz et al., 2005). Articular effusion was identified as a
yperintense signal in the superior and/or inferior articular spaces

Fig. 1. Articular disc morphology in the closed-mouth position: (a) norm
natomy 208 (2016) 9–18

(Costa et al., 2008a). Articular disc morphology was  analyzed in the
open- and closed-mouth positions and classified as normal bicon-
cave or abnormal with altered morphology (Fig. 1) (Amaral Rde
et al., 2013).

The MRI  files were selected according to the following inclusion
criteria (Costa et al., 2008b): all patients should have received a
positive or negative diagnosis of anterior articular disc displace-
ment, through MRI  analysis. However, patients could not have
concurrent conditions such as rheumatoid arthritis, rheumatic pso-
riasis, and severe myasthenia (Schellhas, 1989). Exclusion criteria
included: impaired visualization of the LPM; impaired visualization
of details; images with low sharpness resulting from patient move-
ments during scanning; signs of previous patient trauma; signs of
other systemic conditions that might alter the TMJ  and muscles of
mastication; presence of metallic prosthetics and accessories and
any history of TMJ-related therapy.

2.2. Image acquisition data

All patients were submitted to bilateral MRI  of the TMJ  in Signa
1.5 T equipment (GE Medical systems, Milwaukee, WI,  USA) with
8.5 cm surface coils. Initially, 24 axial T1-weighted slices were
acquired in spin echo (SE) sequence (repetition time TR = 1400 ms,
echo time TE = 1.6 ms,  slice thickness ST = 5.0 mm field of vision
FOV of 18.0 cm × 18.0 cm,  in a 256 × 256 matrix). Among these
slices, we  selected the one allowing for better visualization of
the mandible along its long axis. Based on this slice, we  then
established the orientation of the parasagittal planes. In this
study, specifically, we utilized parasagittal proton-density images
of the closed-mouth and open-mouth positions in SE sequence
(TR = 1200 ms,  TE = 13.7 ms,  ST = 3.0 mm,  FOV = 150 cm × 150 mm,
image matrix = 512 × 512, excitation number NEX = 2, radiofre-
quency 4 and excitation angle of the radiofrequency pulse/flip
angle = 20◦). All parasagittal slices in the lateromedial direction
were analyzed. To evaluate pathological states, including effusion,
we utilized oblique sagittal T2-weighted images (TR = 1500.0 ms,
TE = 100.2 ms,  ST = 3.0 mm,  FOV = 15 cm × 15 cm, and 512 × 512
matrix) with central cuts in three stages (closed-mouth, half-open
mouth and open-mouth).

2.3. Image segmentation and volumetry

Selected MRI  files were number-coded to protect patient
identities and converted from DICOM (Digital Imaging and Com-

munications in Medicine) to the ANALYZE format utilizing the
MRICro software (www.mricro.com). After format conversion,
the ITKSNAP® software (http://www.itksnap.org/download/snap/)
was utilized to segment the entire right and left lateral pterygoid

al and (b) altered. Long arrow: articular disc; short arrow: condyle.

http://www.mricro.com/
http://www.mricro.com/
http://www.mricro.com/
http://www.itksnap.org/download/snap/
http://www.itksnap.org/download/snap/
http://www.itksnap.org/download/snap/
http://www.itksnap.org/download/snap/
http://www.itksnap.org/download/snap/
http://www.itksnap.org/download/snap/
http://www.itksnap.org/download/snap/
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Fig. 2. Three-dimensional images of the lateral pterygoid muscle, obtained after segmentation: (a) total muscle and (b) upper head in red and lower head in green. (For
interpretation of the references to color in this figure legend, the reader is referred to the web  version of this article.)
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ig. 3. Insertion type I: the upper head is subdivided into two  components, one inser
a)  lateral image, (b) central image and (c) medial image.

uscles, as well as their upper and lower heads (Fig. 2) (Yushkevich
t al., 2006). This software allows for an active contour of anatom-
cal structures and for the segmentation of regions delineated by
he examiner (Costa et al., 2008b; Yushkevich et al., 2006). The
rocess of segmentation correlates image points (voxels) to spe-
ific anatomical structures. In the current study, we selected the
hree consecutive slices with the most detail and sharpness for each
MJ  (Fujita et al., 2001). Selected images had a 512 × 512 matrix
ith pixels and voxels measuring 0.29 mm (height) × 0.29 mm

width) × 3.00 mm (depth). The software generates volumetric data

fter 3D image reconstruction.

The closed- and open-mouth images were randomized, seg-
ented and 3D reconstructed in a Sony Vaio i7® S 13′′ SVS notebook

ig. 4. Insertion type II: the upper head of the muscle has no subdivisions, but it is stil
osition): (a) lateral image, (b) central image and (c) medial image.
 the articular disc and the other in the head of the mandible (open-mouth position):

(Sony Corporation, China). The examiner could manipulate bright-
ness, contrast and zoom utilizing the software tools to improve
diagnosis. Fifteen days after the first stage of evaluation, the exam-
iner repeated the procedure for 14 randomly selected patients,
utilizing closed- and open-mouth images.

In addition to volumetric data, the examiner also registered the
insertion pattern of the upper head of the LPM, using closed- and
open-mouth images (Dergin et al., 2012; Imanimoghaddam et al.,
2013; Mazza et al., 2009). Three insertion types were defined: type
I (Fig. 3) – the upper head is subdivided into two  components, one

inserted in the articular disc and the other in the mandible head;
type II (Fig. 4) – there is no subdivision of the upper head, but the
muscle is inserted in both the articular disc and the mandible head;

l inserted in both the articular disc and the head of the mandible (closed-mouth
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ig. 5. Insertion type III: the upper head of the muscle has no subdividions and is o
mage  and (c) medial image.

nd type III, the muscle upper head, with no subdivisions, is inserted
n the articular disc (Fig. 5). Three-dimensional images of all three
ifferent patterns were acquired as well (Fig. 6).

.4. Statistical analyses

The reproducibility of volume estimates for the lateral ptery-
oid muscle was assessed through Lin’s concordance correlation
oefficient and Spearman’s correlation. Comparisons of volumetric
ata from closed- and open-mouth images were performed using
verages and the likelihood-ratio test. Co-variance effects such as

ide (right and left), gender, age group, type of insertion of the
uscle upper head, articular disc morphology, presence/absence of

ffusion, and position of the articular disc (normal/anterior disloca-
ion with or without reduction) were analyzed by linear regression

ig. 6. Three-dimensional images of different insertion types of the upper head of the l
ype  III. The upper head (red), articular disc (yellow) and condyle (blue). (For interpretati
ersion  of this article.)
nnected to the articular disc (closed-mouth position): (a) lateral image, (b) central

(  ̨ = 5%). Analyses were performed utilizing the R software, version
3.0.2 (The R Foundation for Statistical Computing, Vienna, Austria).

3. Results

The most prevalent type of insertion was characterized by a
single upper head of the LPM adhering both to the disc and the
mandible head (type II), accounting for 50% of insertions on the
right side and 75% on the left. Most patients presented some mor-
phological alteration to the right (54.2%) and left (70.8%) articular
discs. The effusion signal varied between 20.8% and 29.2%. The fre-

quency of images compatible with disc dislocation, with or without
reduction, was  lower than 40% (Table 2).

Measurements were highly consistent and reproducible, as
shown in Table 3: Spearman’s coefficients ranged between 0.857

ateral pterygoid muscle: (a) insertion type I, (b) insertion type II and (c) insertion
on of the references to color in this figure legend, the reader is referred to the web
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Table  2
Distribution of the sample according to type of insertion of the lateral ptery-
goid upper head, articular disc morphology, effusion signal, and articular disc
displacement.

Characteristic Side

Right Left

n % n %

Insertion type
I  1 4.2 3 12.5
II  12 50.0 18 75.0
III  11 45.8 3 12.5
Disc  morphology
Normal 11 45.8 7 29.2
Altered 13 54.2 17 70.8
Effusion
Absent 17 70.8 19 79.2
Present 7 29.2 5 20.8
Disc  displacement
Absent 15 62.5 16 66.7
Without reduction 7 29.2 7 29.2
With reduction 2 8.3 1 4.2

a
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Table 5
Likelihood ratio test for comparisons between average muscle volumes in the open-
and closed-mouth positions.

Differences between averages for the
open- and closed-mouth positions

p-value

larger among male patients (p = 0.0002).

T
A

T
T

Total 24 100.0 24 100.0

nd 0.998, p < 0.0001, and Lin’s concordance correlation coefficient
CCC) for the two measurements ranged between 0.898 and 0.999.

As evidenced by the standard deviation values shown in Table 4,
uscle volumes varied considerably from the average, suggesting

hat median values may  provide a more solid basis for analysis.
hus, the median volumes of the upper heads of the muscle on

oth sides and both mouth positions were lower than those from
he lower head of the muscle. Additionally, muscle volumes were
ower in the open-mouth compared to the closed-mouth position.

able 3
nalysis of correlation and reproducibility.

Muscle/mouth position Measure Average (mm3) SD 

Total/closed
1 4649.2 1325.6
2  4641.5 1313.8

Total/opened
1  5188.8 4394.1
2  5115.2 4456.9

Upper/closed
1  1598.7 431.1
2  1582.4 443.8

Lower/closed
1  2953.0 1070.4
2  3015.7 1044.2

Upper/opened
1  2053.1 1917.2
2  2007.9 1913.7

Lower/opened
1  3068.9 2530.1
2  3039.7 2526.6

* p < 0.0001 for all estimates.

able 4
otal, upper head, and lower head volumes of pterygoid muscles.

Volumes in mm3

Mouth position Side Muscle part Min 

Closed

Right
Upper 693.2 

Lower  1057.5 

Total  2187.5 

Left
Upper  558.6 

Lower  1027.9 

Total  1663.8 

Opened

Right
Upper  745.6 

Lower 719.5 

Total  2003.1 

Left
Upper  818.2 

Lower 1492.0 

Total  2262.8 
Total 622.0 0.0004
Upper head 109.5 0.5090
Lower head 501.5 0.0015

The likelihood ratio test validated this observation for total muscle
volume and for the lower head of the muscle (Table 5).

To evaluate potential effects of side, gender, age group, type of
insertion, disc morphology, effusion signal, and anterior displace-
ment, we employed mixed models of linear regression, controlling
for the variability of repeated measures on the right and left sides.
According to the Shapiro–Wilks test, the residuals departed from
normality (p > 0.05).

Type of insertion had a significant effect on total muscle vol-
ume  in the closed-mouth position (Table 6). If we take the type II
insertion as a reference for comparison, patients with type III inser-
tion had significantly larger muscle volume (p = 0.0020). Similarly,
patients with type III insertions had larger volumes than those with
type I (p = 0.0338).

When assessing muscle volume in the open-mouth position, we
detected an effect of gender (Table 7). Total muscle volume was sig-
nificantly larger in male compared to female patients (p = 0.0272).

Table 8 shows that, in the closed-mouth position, the volume
of the upper head of the lateral pterygoid muscle was significantly
Three co-variables significantly affected the volume of the upper
head of the lateral pterygoid in the open-mouth position: gender,
insertion type, and anterior articular disc displacement (Table 9). In

Spearman’s correlation* Lin’s

CCC CI 95%

0.9984 0.9994 0.9987 0.9997

0.9850 0.9993 0.9986 0.9997

0.9973 0.9973 0.9947 0.9987

0.8571 0.8986 0.7938 0.9516

0.9467 0.9983 0.9962 0.9992

0.9836 0.9994 0.9987 0.9997

Max Med  Avg SD

5121.7 1787.6 2021.7 962.4
17,535.8 3340.4 3964.5 3156.6
23,030.7 5053.0 6160.5 3984.3

3315.0 1809.4 1844.4 634.2
5605.1 3061.3 3140.2 1165.0
7593.0 4938.6 4932.1 1604.6

6964.6 1435.3 1815.3 1211.0
10,024.7 2937.3 3164.5 1802.3
17,215.0 4429.9 5081.8 2906.3
11,221.2 1755.9 2546.4 2581.5
15,051.7 2762.3 3580.3 2991.7
26,335.9 4657.1 6230.9 5595.3
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Table 6
Linear regression analysis correlating patient variables and the volume of the lateral pterygoid muscle in the closed-mouth position.

Variable Category Total Volume

Simple linear mixed model Multiple linear mixed model

Avg SE pa-value Beta SE pb-value

Intercept – – – 4845.6 324.2 <0.0001

Side
Right  5276.7 341.1 0.0898
Left 4932.1 338.7

Gender
Female 4909.6 407.0 0.4105
Male 5455.3 560.4

Age group
≤39 5423.3 413.7 0.1958
≥40 4587.8 518.6

Insertion type
I 4898.9 497.9 0.0070 53.3 450.4 0.9060
II  4845.6 324.3 c

III 5873.1 392.2 1027.5 332.9 0.0020

Format
Normal 5283.3 415.9 0.4670
Altered 4977.4 370.1

Effusion
No 4916.4 347.5 0.0998
Yes 5605.8 448.6

Displacement
No 5039.6 359.7 0.6827
Yes 5197.5 409.8
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a Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
c Reference category used for the comparisons.

he simple linear model, differences were not significant, although
hey obtained a p-value that was close to 0.05. In the multiple linear

odel, in fact, male patients displayed a significantly larger volume
f the upper head of the lateral pterygoid compared to females
p = 0.0288). Patients with type I insertion had significantly larger
olumes than type III insertion patients (p = 0.0130), whereas there
as only a tendency for type II insertion patients to have larger vol-
mes than type III insertion patients (p = 0.0684). Patients with any
egree of articular displacement had larger upper head volumes
han those without displacement (p = 0.0358). This finding could
esult from a confounding or associative effect of displacement-
ender, displacement-insertion and/or gender-insertion. However,
hen we evaluated the joint effect of these three co-variables, all

f them displayed a significant effect.
Table 10 shows that the lower head muscle volume in the closed-
outh position was significantly larger in patients with type III
nsertion in comparison with type II (p = 0.0033). In the open-mouth
osition (Table 11), the lower head volume was larger on the right
ide relative to the left (p = 0.0412).

able 7
inear regression analysis correlating patient variables and the volume of the lateral pter

Variable Category Total volume

Simple linear mixed model 

Avg SE 

Intercept – – – 

Side
Right  4530.3 273.3 

Left 4491.4 274.2

Gender
Female 4175.2 305.6 

Male 5232.2 446.8 

Age  group
≤39 4725.2 350.1 

≥40 4203.7 420.3

Insertion type
I 4502.8 346.5 

II  4502.7 280.4
III 4531.8 300.6

Format
Normal 4558.8 309.3 

Altered 4482.2 285.8

Effusion
No 4523.8 274.6 

Yes 4470.5 320.6

Displacement
No 4421.8 273.9 

Yes 4724.6 300.1 

a Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
c Reference category used for comparisons.
4. Discussion

In previous studies, authors have diverged about the number
of insertion patterns of the upper head of the LPM. While some
authors (Omami  and Lurie, 2012; Taskaya-Yilmaz et al., 2005)
report two  types of insertion – a single insertion in the articular
disc, or simultaneous insertion in the disc and in the head of the
mandible – others claim there are three types of insertion (Dergin
et al., 2012; Imanimoghaddam et al., 2013; Mazza et al., 2009).
After detailed evaluation of the MRI  files, we indeed find that three
types of insertion can be described for the upper head of the muscle
(Fig. 2) (Imanimoghaddam et al., 2013; Mazza et al., 2009). Based
on the interpretation of parasagittal MR  images of the LPM in the
open- and closed-mouth positions, we  observed that type II rep-
resented the most frequent insertions, whereas type I represented

the least frequent (Table 2). Other studies reported similarly higher
frequencies for type II insertions (Dergin et al., 2012). Besides, some
authors (Imanimoghaddam et al., 2013) reported the highest preva-
lence for type I (63.8%) and the lowest for type III (12.5%) insertions.

ygoid muscle in the open-mouth position.

Multiple linear mixed model

pa-value Beta SE pb-value

4033.4 307.5 <0.0001
0.6984

0.0500 c

1173.5 531.2 0.0272
0.3222

0.9866

0.7513

0.8110

0.1156 c

353.4 192.1 0.0659
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Table  8
Linear regression analysis correlating patient variables and the volume of the upper head of the lateral pterygoid muscle in the closed-mouth position.

Variable Category Volume of the upper head of the lateral pterygoid muscle

Simple linear mixed model Multiple linear mixed model

Avg SE pa-value Beta SE pb-value

Intercept – – – 1648.8 130.9 <0.0001

Side
Right 2021.7 169.9 0.4233
Left 1844.4 169.9

Gender
Female 1648.8 130.9 0.0005 c

Male 2466.1 179.2 817.4 221.9 0.0002

Age  group
≤39 1877.5 166.0 0.5771
≥40 2019.4 207.1

Insertion type
I 2151.3 395.6 0.1563
II  1769.7 152.8
III 2268.8 234.3

Format
Normal 1919.3 203.6 0.9254
Altered 1941.9 164.3

Effusion
No 1935.8 149.3 0.9731
Yes 1925.3 247.0

Displacement
No 2017.0 159.0 0.3633
Yes 1790.0 205.8

a Refers to the likelihood ratio test of differences among averages.
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b Refers to the t-test comparing the beta coefficient to zero.
c Reference category used for comparisons.

espite studies reporting only two types of insertion (Omami  and
urie, 2012; Taskaya-Yilmaz et al., 2005), in one of them (Omami
nd Lurie, 2012), 62.5% of patients had the upper head of the muscle
onnected to both the disc and the head of the mandible, cor-
oborating our findings. In the other study (Taskaya-Yilmaz et al.,
005), the authors reported no type I insertions, possibly result-

ng from differences in methodology. These authors only evaluated
R images in the closed-mouth position, meaning that they were

ot able to visualize the entire upper head of the muscle, which
an only be seen with the contraction in the open-mouth position
Mazza et al., 2009).

A clear association between type of insertion and anterior artic-
lar disc displacement has yet to be unveiled (Dergin et al., 2012;
mami  and Lurie, 2012; Taskaya-Yilmaz et al., 2005). However,

pper head insertion in the articular disc alone may render an

ndividual more susceptible to anterior articular disc displacement.
hus, clearly defining insertion patterns has prognostic relevance
Taskaya-Yilmaz et al., 2005). The lateral pterygoid muscle has been

able 9
inear regression analysis correlating patient variables and the volume of the upper head

Variable Category Volume of the upper head of the la

Simple linear mixed model 

Avg SE 

Intercept – – – 

Side
Right 1815.3 250.8 

Left 1991.6 252.9

Gender
Female 1589.1 284.7 

Male 2467.4 390.4 

Age  group
≤39 1773.0 327.1 

≥40 2054.4 373.2

Insertion type
I 2266.9 329.0 

II 1962.5 251.1 

III  1655.9 276.9 

Format
Normal 1785.0 295.6 

Altered 1973.5 273.8

Effusion
No 1931.5 247.7 

Yes 1762.6 311.7

Displacement
No 1783.6 245.5 

Yes 2124.2 278.1 

a Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
c Reference category used for comparisons.
implicated in anterior articular disc displacement and, as a conse-
quence, in TMD  (Balcioglu et al., 2009; Barriere et al., 2009; Costa
et al., 2008a; D’Ippolito et al., 2010; Dergin et al., 2012; Omami  and
Lurie, 2012; Taskaya-Yilmaz et al., 2005). Anterior displacement
represents the most frequent sign of TMD  (Murray et al., 2007). In
cases of displacement with reduction, the upper head of the lat-
eral pterygoid muscle may  be normal or hypertrophied (D’Ippolito
et al., 2010; Taskaya-Yilmaz et al., 2005). Moreover, in cases of dis-
placement with no reduction, the upper head may  have undergone
atrophy (Taskaya-Yilmaz et al., 2005) [26].

Interestingly, muscle volume on both sides was statistically
smaller in the open-mouth compared to the closed-mouth position
(Table 4). This difference held true for both total muscle volume
and lower head (Table 5), reflecting the smaller contribution of the

upper head to the volume of the LPM. Presumably, volumetric alter-
ations in the different mouth positions result from the functions of
the pterygoid muscle heads. The lower head lowers and protrudes
the mandible, whereas the upper head raises the mandible and/or

 of the lateral pterygoid muscle in the open-mouth position.

teral pterygoid muscle

Multiple linear mixed model

pa-value Beta SE pb-value

1774.1 353.6 <0.0001
0.1214

0.0661 c

990.6 453.1 0.0288
0.5563

0.0655 c

−273.8 257.9 0.2882
−646.6 260.2 0.0130

0.5463

0.4953

0.1199 c

428.8 204.3 0.0358
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Table 10
Linear regression analysis correlating patient variables and the volume of the lower head of the lateral pterygoid muscle in the closed-mouth position.

Variable Category Volume of the lower head of the lateral pterygoid muscle

Simple linear mixed model Multiple linear mixed model

Avg SE pa-value Beta SE pb-value

Intercept – – – 2935.6 210.7 <0.0001

Side
Right  3302.5 244.1 0.4705
Left 3140.2 240.4

Gender
Female 3204.8 270.3 0.9268
Male 3241.5 374.9

Age group
≤39 3450.8 268.6 0.1538
≥40 2847.8 339.1

Insertion type
I 3415.3 472.8 0.0192 479.7 493.6 0.3311
II  2935.6 210.7 c

III 3951.1 313.3 1015.5 345.0 0.0033

Format
Normal 3197.4 308.1 0.9002
Altered 3231.6 259.4

Effusion
No 3076.9 241.2 0.1768
Yes 3606.5 355.3

Displacement
No 3141.1 254.9 0.5802
Yes 3345.3 309.8

a Refers to the likelihood ratio test of differences among averages.
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b Refers to the t-test comparing the beta coefficient to zero.
c Reference category used for comparisons.

tabilizes the TMJ  [24]. One study (Goto et al., 2002) also observed
 significant reduction (−6.7%) in the volume of the LPM as the
andible opened.
In general, type III insertions – upper head directly inserted

n the disc – were associated with larger muscle volumes
Tables 6, 7, 8, 10 and 11). A reduction in muscle upper head volume
n the open-mouth position (Table 9) constitutes the sole exception
o this pattern, and may  indicate a reduction in the function of this
omponent. Previous work supports the idea that type III insertions
re more frequently associated with disc displacement without
eduction, which would reduce muscle function and, consequently,
olume (Taskaya-Yilmaz et al., 2005). Type III insertions could cor-
elate with worse prognosis, because of a greater susceptibility to
isplacement without reduction (Mazza et al., 2009). Nevertheless,
f we take into account the morpho-functional division of the lat-
ral pterygoid muscle in upper and lower heads (Omami  and Lurie,
012), we should not expect similar volumetric alterations for both
omponents, and the volume of the lower head should be larger.

able 11
inear regression analysis correlating patient variables and the volume of the lower head

Variable Category Volume of the lower head of the la

Simple linear mixed model 

Avg SE 

Intercept – – – 

Side
Right  2852.7 207.7 

Left 2653.3 208.6 

Gender
Female 2520.3 229.8 

Male 3267.6 335.6 

Age  group
≤39 2889.7 262.6 

≥40 2569.0 314.9

Insertion type
I 2487.8 291.2 

II  2715.3 216.6
III 2914.4 239.4

Format
Normal 2897.7 251.3 

Altered 2670.1 224.7

Effusion
No 2772.3 208.0 

Yes 2710.8 266.3

Displacement
No 2731.5 208.4 

Yes 2822.6 245.7

a Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
c Reference category used for comparisons.
In this sense, and in agreement with our results, the lower head
contributes substantially to total lateral pterygoid volume, and has
fewer implications for TMD.

We evaluated this sign of effusion because it correlates well
with anterior articular disc displacement with and without reduc-
tion (Almasan et al., 2013) and also represents a biomarker for
TMD-associated cephalea (Costa et al., 2008a). Presumably, the
relatively low frequency of anterior displacements observed (17
joints; 35.4%) explains the low number of joints with effusion
(Table 2). Moreover, more than half of the joints displayed some
degree of alteration to articular disc morphology, 54.2% of the right
side joints and 70.8% of the left side joints. Thus, even though
more than 60% of joints had normally positioned discs, morpholog-
ical alterations occurred with relative high frequency and should

be considered clinically. Such alterations suggest the existence of
TMJ  pathologies and may  progressively lead to anterior disc dis-
placement (Amaral Rde et al., 2013; Fujita et al., 2001). In line
with our own work, a previous study found a high frequency of

 of the lateral pterygoid muscle in the open-mouth position.

teral pterygoid muscle

Multiple linear mixed model

pa-value Beta SE pb-value

2612.5 236.96 <0.0001
0.0490 c

−199.55 97.71 0.0412
0.0638 c

754.87 411.64 0.0667
0.4140

0.2175

0.3562

0.7881

0.6468
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iplanar alterations on the right (55%) and left (45%) sides in cases
f normal disc positioning (Amaral Rde et al., 2013). The mor-
hological differences between the biconcave normal disc and the
iplanar altered disc are subtle and may  explain why disc position-

ng remains normal in spite of format changes (Amaral Rde et al.,
013).

Linear regression analyses did not provide any evidence of
ffects that effusion and altered disc format might have on mus-
le volume (Tables 6–11). Previous work suggested that disc format
lterations might occur in the initial phases of functional changes to
he TMJ  (Taskaya-Yilmaz and Ogutcen-Toller, 2001). Instead, artic-
lar effusion is significantly associated with displacements with
r without reduction. One research (Almasan et al., 2013) have
uggested that disc displacement without reduction, as a chronic
lteration, could induce changes in the shape of the mandibular
ead and in its association with the articular fossa, leading to the
ccumulation of fluid (i.e., effusion).

Nevertheless, anterior articular disc displacement seems to
ffect total and upper head muscle volume in the open-mouth posi-
ion (Tables 7 and 9). Upper head muscle volume in the open-mouth
osition was significantly larger in joints with disc displacement
p = 0.0358). D’Ippolito et al. (2010) diagnosed disc displacement in
0.4% of their patients and, although they did not measure LPM,
uggested that TMD  could cause changes in this muscle’s thick-
ess. According to these authors, the increased muscle thickness
ould be associated with anterior disc displacement and articu-
ar hypermobility. It could be further inferred that the increase in
hickness should be associated with displacement with reduction,
ecause displacement without reduction has been associated with
uscle atrophy (Taskaya-Yilmaz et al., 2005). In a population of

6 patients ranging between 14 and 69 years of age, nine exhib-
ted muscle hypoplasia, atrophy and/or fatty substitution of the
PM along with TMD  (Schellhas, 1989). One patient with severe
MD displayed atrophy of the entire set of muscles of mastication
Schellhas, 1989).

Some authors performed visual qualitative analyses of the LPM
n patients with or without TMD  (D’Ippolito et al., 2010). However,
o studies have attempted to use 3D images to quantify entire
uscle, lower and upper head volume and independently asso-

iate these measurements with signs of TMD. Despite the division
f the lateral pterygoid into two components with distinct (albeit
eciprocal) functions, the existing literature does not treat these
omponents as separate muscles (Murray et al., 2007; Omami  and
urie, 2012). According to some authors(Dergin et al., 2012), the
PM functions as a single motor unit, in which the upper and
ower heads become active during mouth movements, with no
orrelation according to insertion type, presence or absence of dis-
lacement, disc or joint degeneration.

In the current study, gender affected muscle volume. In the
pen-mouth position, male patients had significantly larger total
olumes (Table 7). Furthermore, the smaller upper head com-
onent was significantly larger in male patients in both mouth
ositions (Tables 8 and 9). This finding may  reflect the general trend
f men  having larger muscles than women (Benington et al., 1999).

Distinct hypotheses attempt to associate functional alterations
n the lateral pterygoid and TMD, including muscular hyperactivity,
ypoactivity and poor coordination between muscle components
hat could lead to disc displacement (Costa et al., 2014; Hoglund
nd Scott, 2012). Anterior articular disc displacement affects the
olume of the upper head of the lateral pterygoid (Table 9). The
ndication for physiotherapy should take into account not only
MD  symptoms, but also the volumes of the muscles of mastication

Hoglund and Scott, 2012).

In conclusion, the total and lower head muscle volumes on
oth sides were significantly smaller in the open- compared to the
losed-mouth position. Gender affected muscle volume, especially
natomy 208 (2016) 9–18 17

that of the upper head component. Furthermore, insertion type also
seems to affect volume.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.aanat.2016.05.
007.
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