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Abstract

Objectives The purpose of this study was to clarify, by
use of sonographic elastography, the changes in elasticity
of the masseter muscle after low-level continuous con-
traction by healthy volunteers.

Methods The reproducibility of the elasticity index (EI)
was verified by using a scoring phantom for elastography.
The EI of the masseter muscle was measured for 10 healthy
volunteers before, immediately after, and 10 min after
static contraction at 20 % of the maximum force for
10 min. The masseter muscle thicknesses were also mea-
sured at these times as a surrogate index of muscle edema.
Results  The reproducibility of the EI measurements was
sufficient for clinical use. The elasticity expressed by the
El increased after low-level contraction compared with that
before contraction and changed similarly to the thickness
along the time course of the experiment.

Conclusions Low-level static contraction increased the
elasticity and thickness of the masseter muscle. A potential
relationship may exist between elasticity and edematous
change in the masseter muscle.
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Introduction

A possible cause of temporomandibular disorder (TMD)
with myofascial pain could be involuntary low-level
continuous contraction of the masticatory muscles, which
may be related to a variety of pathologies including
occlusal interference, masticatory muscle hyperactivity,
bruxism, and stress [1-4]. Continuous low-level contrac-
tion leads to muscle pain and fatigue, while sufficient
blood flow is provided to maintain skeletal muscle
homeostasis [5, 6]. Hardness of the masticatory muscles is
frequently seen in such patients [7, 8]. Muscle edema may
be involved in provoking pain or fatigue in these muscles
and can be experimentally produced by some types of
exercise [9-13]. In a previous magnetic resonance imag-
ing (MRI) study we verified an increase in the retained
water content in the masseter muscle after 10 min of
static low-level contraction at 20 % of the maximum
contraction force [14]. Similar results have been reported
by other researchers, and these water content increases are
believed to be indicative of muscle edema [15-19]. On
the basis of a sonography study involving healthy vol-
unteers, masseter muscle thickness is changed by 20 min
of contraction at 10 % of the maximum force. In the
initial phase (within 1 min of initiation of contraction),
the thickness increases by 28 % compared with that
before contraction. Subsequently, it further increases by
approximately 9 % when measured immediately after
20 min of contraction [13]. The increased thickness at the
initial phase could be a result of piled-up sliding
muscle fibers, whereas that after the contraction could be
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regarded as an index of muscle edema [11, 20-22].
Although edematous change can be visualized by imag-
ing, the relationship between elasticity and edematous
change has not been completely clarified because no
reports have addressed the changes in elasticity after low-
level static contraction. This could be partially attributed
to the lack of an appropriate method that enables visu-
alization and evaluation of the muscle elasticity.

Recently, new techniques have become available for
assessment of the hardness of soft tissues by use of MRI or
sonography imaging. Sonographic elastography has already
been verified to be effective for various soft tissue diseases,
including breast and prostate cancers and myodystrophy
[23-28]. The hardness can be noninvasively evaluated by
applying a slight compression load to the tissue surface.
The amounts of displacement of the reflected ultrasound
echoes before and under compression are measured (stress
field). Thereafter, a strain field is reconstructed from the
measured displacements (strain image). Hard tissue
appears as areas of low strain whereas soft tissue appears as
areas of high strain. The resulting elasticity index (EI) is
expressed as color-coded images superimposed on a con-
ventional B-mode sonogram [29, 30]. We have applied this
technique to the masseter muscle of TMD patients and
elucidated its potential efficacy for determining the opti-
mum pressure in massage treatment with an oral rehabili-
tation robot [31]. However, the compression loads are
applied by free-hand operation, and this may affect the
reliability of elasticity measurements.

The purpose of this study was to clarify the changes in
elasticity of the masseter muscle using sonographic elas-
tography after low-level static contraction. Before taking
actual measurements, the reproducibility was verified by
using a scoring phantom for sonographic elastography,
because this was regarded as a major disadvantage of the
technique.

Materials and methods
Reproducibility of the EI ratio

The reproducibility of the EI ratio was investigated with a
scoring phantom (ELPT-002; OST, Chiba, Japan) before
taking actual measurements (Fig. 1). The sonographic
machine used was a LOGIQ E9 (GE Healthcare, Tokyo,
Japan) equipped with a 4.5-15-MHz wide-bandwidth lin-
ear active matrix transducer (ML6-15-D). Harder tissues
were displayed in blue and softer tissues were displayed in
red. The EI was originally developed for this machine and
software, and was defined as the strain values of each area
compared with the average strain value (EI = 1) of the
whole area of interest. The Els of areas that were softer and
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Fig. 1 A scoring phantom and its sonographic elastogram. a The
scoring phantom has five scores with different elasticities and
echogenicities. In this study, we used Score 1 and 2, which is a soft
and hypoechoic circle of 10 cm in diameter. b The ROIs were set in
the scoring area (green and red color) and the surrounding
background area (yellow color). The mean EIs in the respective
ROIs were measured, and the EI ratio was calculated

harder than the average EI were assigned as 0-1 and 1-6,
respectively.

The mean Els of regions of interest (ROIs) set in the
scoring and surrounding background areas were measured
on elastograms by use of the software Elasto Q Analysis
(BT11) provided with the machine. Thereafter, the EI ratio
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was calculated as follows: EI ratio = (mean EI of scoring
area)/(mean EI of background).

The inter-examiner coefficient of variation (CV) of the
EI ratio was obtained for five examiners. The intra-exam-
iner CV of the EI ratio was obtained as the average value of
five replicate measurements by one examiner.

Sonographic elastography of the masseter muscle
in healthy volunteers

Sonographic elastography of the bilateral masseter muscles
was performed for 10 healthy volunteers (eight men, two
women; age range 26-54 years; mean age 40.9 years) with
the same sonographic machine and software used in the
phantom study. The masseter muscles and temporoman-
dibular joint of all the volunteers were asymptomatic and
had no such pathologies as tumors or inflammation. The
participants were informed of the purpose of the study and
provided consent before participating.

Low-level static exercise with sustained bilateral biting at
20 % of maximum voluntary contraction was performed for
10 min. The force during exercise was monitored continu-
ously by use of a personal monitoring unit (MA-3000;
Oisaka Electronic Equipment Ltd., Hiroshima, Japan). The
unit displayed the relative values of the monitored activity
compared with the maximum voluntary contraction. Each
participant was seated in an upright position, with their head
in a natural position. The sonograms were obtained by use of
a multiple focus technique with a focal range of 0.5-2.0 cm
and an image depth of 4.0 cm. The other settings were gain
of 55 dB and dynamic range of 66. The optimum com-
pression pressure was applied while monitoring the elastic
scale on the left edge of the elastogram. Measurements were
performed before (before exercise), immediately after the
end of contraction (immediately after exercise), and 10 min
after the end of contraction (10 min after exercise). Both
sides of the masseter muscle were scanned in a random order
perpendicular to the anterior border of the muscle and the
surface of the underlying mandibular ramus 15 mm above
the inferior border of the mandible. The time lags of scan-
ning between the two sides were within 15 s and the Els
were measured on the recorded images.

The ElIs were measured for the masseter muscle and the
subcutaneous fat tissue adjacent to the masseter muscle
after setting ROIs of arbitrary sizes (Fig. 2). The masseter
muscle EI ratio (MEI ratio) was calculated as follows: MEI
ratio = (mean MEI)/(mean EI of subcutaneous fat tissue).

Masseter muscle thickness
The masseter muscle thickness was obtained as the dis-

tance between the outer fascia of the muscle and the sur-
face of the ramus (Fig. 3). The thicknesses were measured

Fig. 2 Calculation of the MEI ratio. The MEI and fat tissue EI were
measured by setting ROIs in the masseter muscle and subcutaneous
fat tissue superficially to the muscle, respectively. The MEI ratio was
calculated as follows: MEI ratio = (mean MEI)/(mean EI of subcu-
taneous fat tissue)

Fig. 3 Masseter muscle thickness. The distance between the outer
fascia of the masseter muscle and the lateral surface of the ramus was
measured as the masseter muscle thickness (double-headed arrow)

on the recorded sonograms obtained for the EI measure-
ments. Each value was the average of two measurements
made by one examiner. The measurement error was 2.04 %
of the CV for five replicate measurements on the same
image made by one examiner.

Statistical analysis

The Wilcoxon matched-pairs signed-rank test was used to
evaluate differences between the right and left values. This
test was also used to compare the values immediately after
exercise with those before exercise and 10 min after
exercise. Values of p < 0.05 were considered to indicate
statistical significance.

The study was performed with approval from the Ethics
Committee of Aichi-Gakuin University (no. 217).

Results
Reproducibility of the EI ratio
The variations of the measured EI ratios were relatively

small. The inter-examiner CV was 5.18 %, and the intra-
examiner CV was 4.10 %.
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Fig. 4 Changes in the MEI ratio. The right and left MEI ratios
immediately after exercise are significantly larger than those before
exercise and 10 min after exercise. The right MEI ratios immediately
after exercise were significantly larger than those before exercise and
10 min after exercise (p = 0.0059 and p = 0.0108, respectively;
Wilcoxon matched-pair signed-rank test)

MEI ratio

The MEI ratios of the right and left masseter muscles were
0.84 & 0.21 and 0.85 £ 0.21, respectively, before exer-
cise, 1.75 £0.43 and 1.71 £ 0.43 immediately after
exercise, and 0.90 £+ 0.38 and 0.87 £+ 0.36 10 min after
exercise. There were no significant differences between the
right and left MEI ratios in any of the phases (Wilcoxon
matched-pairs signed-rank test).

The right MEI ratios immediately after exercise were
significantly larger than those before exercise and 10 min
after exercise (p = 0.0059 and p = 0.0108, respectively)
(Fig. 4). Results were similar for the left MEI ratios, and
the values immediately after exercise were significantly
larger than those before exercise and 10 min after exercise
(p = 0.0059 and p = 0.0080, respectively).

Masseter muscle thickness

The mean thicknesses of the right and left masseter mus-
cles were 10.0 £ 0.5 and 10.2 £ 0.9 mm, respectively,
before exercise, 13.0 & 2.0 and 12.9 + 1.7 mm immedi-
ately after exercise, and 10.9 £ 1.6 and 10.9 £ 1.5 mm
10 min after exercise. There were no significant differences
between the right and left thicknesses in any of the phases
(Wilcoxon matched-pairs signed-rank test).

The right masseter thickness immediately after exercise
was significantly larger than those before exercise and
10 min after exercise (p = 0.0059 and p = 0.0059,
respectively) (Fig. 5). The changes of the left thicknesses
were similar to those of the right side, with a significantly
larger thickness immediately after exercise than those
before exercise and 10 min after exercise (p = 0.0058 and
p = 0.0059, respectively).
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Fig. 5 Changes in masseter muscle thickness. Masseter muscle
thicknesses on both sides were significantly larger immediately after
exercise than those before exercise and 10 min after exercise. The
thickness on the right side immediately after exercise was signifi-
cantly greater than that before exercise and 10 min after exercise
(p = 0.0059 and p = 0.0059, respectively; Wilcoxon matched-pair
signed-rank test)

Relationship between the changes in the MEI ratios
and masseter muscle thickness

The change ratio was calculated as follows: change
ratio = (value immediately after exercise — value before
exercise)/(value before exercise). The correlation coeffi-
cients for the right and left sides were 0.042 (p = 0.899)
and 0.030 (p = 0.927), respectively (Spearman’s test).
There was no relationship between the two sides.

Discussion

Although sonographic elastography has frequently been
used in medicine in recent years because of its low inva-
siveness and absence of radiation exposure [23-28], some
disadvantages have been reported [24, 32]. Image quality is
substantially affected by decorrelation noise, which arises
from pulsation of arteries and out-of-plane motions of the
examined tissue under compression [29]. Moreover, the
applied compression loads are not standardized in free-
hand operation [24], and this may affect the reliability of
the hardness measurements. The results of this study
showed that the method used resulted in EI of sufficient
reproducibility for clinical applications.

Many studies have addressed pain in TMD patients, and
muscle edema caused by low-level static contraction is
regarded as a possible cause [9-13]. Edematous change in
the masseter muscle can be experimentally produced by
low-level static contraction at 10-20 % of the maximum
force, and this has been verified by MR examinations [14].
In ultrasound examinations, the increases in thickness after
static contraction are believed to be a result of muscle
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edema [11, 13, 22]. Although it is well known that the
hardness of the masseter muscle increases in TMD patients
with myofascial pain, there are no reports on the relation-
ship between hardness and edematous change. The recently
available technique of sonographic elastography enables us
to visualize and evaluate the EI and thickness of the mas-
seter muscle simultaneously. Unfortunately, there was no
relationship between the degrees of changes in the MEI
ratio and the thickness. This probably arose because of the
EI definition, in which softer areas were assigned the val-
ues 0—1 and harder areas were assigned the values 1-6. A
future study should be conducted to resolve this issue.
However, the changes in thickness and hardness were
similar along the time course of the experiment. Although
this was an indirect verification, these findings indicate a
potential relationship between elasticity and edematous
change in the masseter muscle. The hardness may increase
in the presence of edematous change. However, the ques-
tion arises as to whether the increase in water content
makes specific tissues softer. Because the muscle is cov-
ered with a thick fascia, an increase in intramuscular
pressure accompanied by an increase in the water content
may increase muscle hardness. Future investigations
should aim to resolve this discrepancy.

In conclusion, we have shown that the measurement
reproducibility of sonographic elastography is sufficient for
clinical applications. Sonographic elastography can evalu-
ate muscle elasticity and internal appearance and thickness.
It is, therefore, a promising method for evaluating the
masseter muscles in TMD patients with myofascial pain

Acknowledgments The authors thank all the volunteers for partic-
ipating in this study. The authors also thank all of the radiologists and
radiology technicians for their help with the examinations. This study
was supported by a Grant-in-Aid for Scientific Research from The
Ministry of Education, Culture, Sports, Science, and Technology
(MEXT) (C) (23592785).

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Olsson M, Lindqvist B. Mandibular function before orthodontic
treatment. Eur J Orthod. 1992;14:61-8.

2. Gervais RO, Fitzsimmons GW, Thomas NR. Masseter and tem-
poralis electromyographic activity in asymptomatic, subclinical,
and temporomandibular joint dysfunction patients. Cranio.
1989;7:52-17.

3. Cooper BC, Cooper DL. Multidisciplinary approach to the dif-
ferential diagnosis of facial, head and neck pain. J Prosthet Dent.
1991;66:72-8.

4. Flor H, Birbaumer N, Schulte W, Roos R. Stress-related elec-
tromyographic responses in patients with chronic temporoman-
dibular pain. Pain. 1991;46:145-52.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Edwards RH. Hypotheses of peripheral and central mechanisms

underlying occupational muscle pain and injury. Eur J Appl
Physiol. 1988;57:275-81.

. Jgrgensen K, Fallentin N, Krogh-Lund C, Jensen B. Electromy-

ography and fatigue during prolonged, low-level static contrac-
tions. Eur J Appl Physiol. 1988;57:316-21.

. Ashina M, Bendtsen L, Jensen R, Sakai F, Olesen J. Muscle

hardness in patients with chronic tension-type headache: relation
to actual headache state. Pain. 1999;79:201-5.

. Draper DO, Mahaffey C, Kaiser D, Eggett D, Jarmin J. Thermal

ultrasound decreases tissue hardness of trigger points in upper
trapezius muscles. Physiother Theory Pract. 2010;26:167-72.

. Sejersted OM, Hargens AR, Kardel KR, Blom P, Jensen O,

Hermansen L. Intramuscular fluid pressure during isometric
contraction of human skeletal muscle. J Appl Phys. 1984;56:
287-95.

Sjggaard G, Savard G, Juel C. Muscle blood flow during iso-
metric activity and its relation to muscle fatigue. Eur J Appl
Physiol Occup Physiol. 1988;57:327-35.

Bakke M, Thomsen CE, Vilmann A, Soneda K, Farella M, Mgller
E. Ultrasonographic assessment of the swelling of the human
masseter muscle after static and dynamic activity. Arch Oral Biol.
1966;41:133-40.

Sjggaard G, Saltin B. Extra- and intracellular water spaces in
muscles of man at rest and with dynamic exercise. Am J Physiol.
1982;243:271-80.

. Ariji Y, Sakuma S, Kimura Y, Kawamata A, Toyama M, Kurita

K, et al. Colour Doppler sonographic analysis of blood-flow
velocity in the human facial artery and changes in masseter
muscle thickness during low-level static contraction. Arch Oral
Biol. 2001;46:1059-64.

Ariji Y, Taguchi A, Sakuma S, Miki M, Asawa T, Uchida K,
et al. Magnetic resonance T2-weighted IDEAL water imaging for
assessing changes in masseter muscles caused by low-level static
contraction. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2010;109:908-16.

Cagnie B, Dickx N, Peeters I, Tuytens J, Achten E, Cambier D,
et al. The use of functional MRI to evaluate cervical flexor
activity during different cervical flexion exercises. J Appl Phys-
iol. 2008;104:230-5.

Larsen RG, Ringgaard S, Overgaard K. Localization and quan-
tification of muscle damage by magnetic resonance imaging
following step exercise in young women. Scand J Med Sci Sports.
2007;17:76-83.

Morvan D, Leroy-Willig A. Simultaneous measurements of dif-
fusion and transverse relaxation in exercising skeletal muscle.
Magn Reson Imaging. 1995;13:943-8.

Yanagisawa O, Niitsu M, Takahashi H, Goto K, Itai Y. Evalua-
tions of cooling exercised muscle with MR imaging and 31P MR
spectroscopy. Med Sci Sports Exerc. 2003;35:1517-23.
Burdette JH, Elster AD, Ricci PE. Acute cerebral infarction:
quantification of spin-density and T2 shine-through phenomena
on diffusion-weighted MR images. Radiology. 1999;212:333-9.
Ariji Y, Katsumata A, Hiraiwa Y, Izumi M, Sakuma S, Shimizu
M, et al. Masseter muscle sonographic features as indices for
evaluating efficacy of massage treatment. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2010;110:517-26.

Ariji E, Ariji Y, Yoshiura K, Kimura S, Horinouchi Y, Kanda S.
Ultrasonographic evaluation of inflammatory changes in the
masseter muscle. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 1994;78:797-801.

Emshoff R, Bertram S. The short-term effect of stabilization-type
splints on local cross-sectional dimensions of muscles of the head
and neck. J Prosthet Dent. 1998;80:457-61.

Dighe M, Bae U, Richardson ML, Dubinsky TJ, Minoshima S,
Kim Y. Differential diagnosis of thyroid nodules with US

@ Springer



Oral Radiol

24.

25.

26.

217.

28.

elastography using carotid artery pulsation. Radiology. 2008;248:
662-9.

Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Hiraoka M,
et al. Cervical lymph node metastases: diagnosis at sonoelas-
tography—initial experience. Radiology. 2007;243:258-67.
Alam F, Naito K, Horiguchi J, Fukuda H, Tachikake T, Ito K.
Accuracy of sonographic elastography in the differential diag-
nosis of enlarged cervical lymph nodes: comparison with con-
ventional B-mode sonography. AJR Am J Roentgenol. 2008;191:
604-10.

Orbell JH, Smith A, Burnand KG, Waltham M. Imaging of deep
vein thrombosis. Br J Surg. 2008;95:137-46.

Niitsu M, Michizaki A, Endo A, Takei H, Yanagisawa O. Muscle
hardness measurement by using ultrasound elastography: a fea-
sibility study. Acta Radiol. 2011;52:99-105.

Yanagisawa O, Niitsu M, Kurihara T, Fukubayashi T. Evaluation
of human muscle hardness after dynamic exercise with ultrasound

@ Springer

29.

30.

31.

32.

real-time tissue elastography: a feasibility study. Clin Radiol.
2011;66:815-9.

Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Mai JJ, et al.
Thyroid gland tumor diagnosis at US elastography. Radiology.
2005;237:202—11.

Ariji Y, Katsumata A, Hiraiwa Y, Izumi M, lida Y, Goto M, et al.
Use of sonographic elastography of the masseter muscles for
optimizing massage pressure: a preliminary study. J Oral Rehabil.
2009;36:627-35.

Ariji Y, Katsumata A, Ogi N, Izumi M, Sakuma S, lida Y, et al.
An oral rehabilitation robot for massaging the masseter and
temporal muscles: a preliminary report. Oral Radiol. 2009;25:
53-9.

Itoh A, Ueno E, Tohno E, Kamma H, Takahashi H, Shiina T,
et al. Breast disease: clinical application of US elastography for
diagnosis. Radiology. 2006;239:341-50.



	Sonographic elastography for assessing changes in masseter muscle elasticity after low-level static contraction
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Reproducibility of the EI ratio
	Sonographic elastography of the masseter muscle in healthy volunteers
	Masseter muscle thickness
	Statistical analysis

	Results
	Reproducibility of the EI ratio
	MEI ratio
	Masseter muscle thickness
	Relationship between the changes in the MEI ratios and masseter muscle thickness

	Discussion
	Acknowledgments
	References


