% applied sciences

Article

Acute Myotonometric Changes in the Masseter and Upper
Trapezius Muscles After Upper Body Quarter Stretching and
Coordination Exercises or Chewing

Marsa Magdi¢ 1-*(, Milos Kalc 2

check for
updates

Academic Editor: Arkady Voloshin

Received: 16 December 2024
Revised: 28 December 2024
Accepted: 29 December 2024
Published: 1 January 2025

Citation: Magdi¢, M.; Kalc, M.;
Vogrin, M. Acute Myotonometric
Changes in the Masseter and Upper
Trapezius Muscles After Upper Body

Quarter Stretching and Coordination

Exercises or Chewing. Appl. Sci. 2025,

15,344. https://doi.org/10.3390/
app15010344

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

and Matjaz Vogrin 1-3-*

Institute of Sports Medicine, Faculty of Medicine, University of Maribor, 2000 Maribor, Slovenia
Institute for Kinesiology Research, Science and Research Centre Koper, 6000 Koper, Slovenia;
milos kalc@zrs-kp.si

Department of Orthopaedics, University Medical Centre Maribor, 2000 Maribor, Slovenia
Correspondence: marsa.magdic@gmail.com (M.M.); matjaz.vogrin@um.si (M.V.)

Abstract: Pathologies in neck and masticatory muscles affect muscle tone and biome-
chanical and viscoelastic properties, necessitating precise assessment for treatment. This
study evaluated the impact of two guided interventions—relaxing exercises targeting the
neck and masticatory muscles (“Exercise”) and heavy chewing using six chewing gums
(“Chewing”)—on the masseter and upper trapezius muscles. Twelve participants (aged
1940 years) underwent myotonometric assessment pre- and post-intervention, measur-
ing tone, stiffness, decrement, relaxation time, and creep. The results showed significant
changes in the masseter muscle after exercise, with increased stiffness (14.46%, p < 0.001)
and tone (7.03%, p < 0.001) but decreased creep (—9.71%, p < 0.001) and relaxation time
(—11.36%, p < 0.001). Conversely, chewing decreased stiffness (—8.82%, p < 0.001) and
tone (—5.53%, p < 0.001), while it increased creep (9.68%, p < 0.001) and relaxation time
(9.98%, p < 0.001). In the trapezius muscles, tone decreased after both interventions (Exer-
cise: —7.65%, p < 0.001; Chewing: —1.06%, p = 0.003), while relaxation increased (Exercise:
1.78%, p < 0.001; Chewing: 2.82%, p < 0.001). These findings reveal the distinct effects of
exercise and chewing on muscle properties, emphasising the complexity of their therapeutic
potential and the need for further investigation.

Keywords: exercise; mastication; muscle tonus; relaxation techniques; relaxation
therapy; temporomandibular joint disorders; masseter muscle; trapezius muscle; bruxism;

intervention studies

1. Introduction

Temporomandibular disorders (TMDs) impact the temporomandibular joint (TM]J)
and masticatory muscles, disturbing quality of life by causing pain, a reduced jaw range
of motion, psychological disorders such as anxiety and depression, as well as sleep dis-
turbances [1-3]. Bruxism, a separate condition, is a risk factor for the development and
worsening of TMDs and is characterised by repetitive jaw-muscle and teeth clenching or
grinding [4]. Although, epidemiological, neuromuscular, and neurophysiological studies
are still indefinite about whether the muscular symptoms are the cause or the consequence
of TMDs [5], a recent study suggests a muscular component in the aetiology of temporo-
mandibular disorders (TMDs) [6]. Nevertheless, both TMDs and bruxism underscore the
role of altered masticatory muscle activity; however, there is a notable scarcity of interven-
tional research employing myotonometry for the assessment of orofacial muscles [7-10].
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Masseter muscle stiffness and tone are elevated in patients with myogenous or mixed
TMDs and those with self-reported bruxism [7,9,11,12]. Increased masseter stiffness has
also been reported in individuals with forward head posture, particularly due to smart-
phone usage [13]. Tension, acting as a self-reinforcing loop within the pain cycle by linking
muscular tension, emotional distress, and behavioural responses, has been notably asso-
ciated with an increased prevalence of TMD symptoms [14,15]. Moreover, because of the
interconnectivity of mandibular and neck activities, prolonged nociceptive input from
Myofascial Trigger Points (MTrPs) in the trapezius may contribute to central sensitization,
amplifying peripheral pain and disrupting stomatognathic system function [16].

Stretching and coordination exercises for the neck and orofacial muscles have already
been proposed as a non-pharmacological therapeutic option to treat TMDs [1,2,17], signif-
icantly reducing pain and muscle stiffness in the targeted region [18]. Moreover, similar
exercise interventions have been used in patients with obstructive sleep apnoea [3], prevent-
ing oropharyngeal injuries due to intubation [19], improving mastication, and increasing
muscle stiffness in older adults [20] and after orthodontic or surgical treatments [2]. On
the other hand, chewing exercises can be used as strength training for the masseter muscle
and, when adopted regularly, can increase bite force and muscle stiffness in healthy popu-
lations [21,22]. Moreover, chewing exercises have been used to increase muscle stiffness
as post-operative treatment following orthognathic surgeries [23] and in patients with
orofacial muscular diseases [24]. It is important to recognise that various pathologies
and dysfunctions can significantly affect muscle tone and biomechanical and viscoelastic
muscle properties [25-27]. These conditions necessitate the precise assessment of methods
to monitor and treat the changes in muscle properties effectively.

Historically, evaluations of muscle tone and stiffness have relied on manual palpation.
This traditional assessment method relies heavily on expert assessment and is subject
to significant bias, particularly in detecting small changes over time. The limitations
of this approach have triggered the development of objective tools like myotonometric
and tensiomyographic measurement devices. Myotonometry has proven valid and reli-
able in various conditions [28,29], and different muscle groups and subjects of different
age groups [30,31]. Compared to tensiomyography, which uses uncomfortable electri-
cal impulses to induce muscle contractions, myotonometric devices offer a painless and
non-intrusive alternative. This is particularly advantageous for measuring muscle tone in
sensitive areas such as the face. Evidence in the literature shows that myotonometric pa-
rameters can assess muscle proneness to injury, fatigue, and muscular performance [32-35].
These compact handheld devices are used to determine the mechanical properties of mus-
cles such as muscle (i) stiffness, the resistance of muscle tissue to external forces, indicative
of its intrinsic elasticity; (ii) tone, that is, the continuous, passive partial contraction, high-
lighting the readiness of muscles for action; (iii) decrement, a measure of muscle endurance
against repeated contractions, serving as an indicator of fatigue resistance; (iv) creep, de-
scribing the muscle’s length change under sustained load and providing insights into the
viscoelastic properties of the muscle; and (v) relaxation, which assesses the time needed by
the muscle to return to its resting state post-contraction [11,30].

Despite the growing number of studies collecting data from myotonometric devices,
there are only a few studies applying such technology to investigate the muscles that are
mostly involved in TMDs, such as the orofacial muscles [7,9,27] and the upper trapezius
muscle [36-38]. A recent study found that increased muscle tone can alter masticatory
performance in older adults [39]. Moreover, another study reported that malocclusion
affects the biomechanical and viscoelastic properties of core stability muscles more than the
masticatory ones [40]. Tas et al. [27] found increased masseter and upper trapezius stiffness
and tone in subjects with myogenous and mixed TMDs.
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Interventional studies using myotonometric devices, particularly on limbs, provide
foundational insights into the effects of various exercises on muscle tone and stiffness. For
example, there is evidence that stretching decreases stiffness in leg muscles [35,41], while
eccentric exercise is known to increase the stiffness of the calf muscles [42]. Extending these
insights beyond the limbs, interventional studies investigating myotonometric changes
in the masseter and upper trapezius muscles after exercise periods reveal similar muscle
response patterns. For example, ultrasound therapy led to a transitory lowering of the
myotonometric parameter decrement [43]. Lee et al. [9] found that TMD treatment, which
led to a reduced masseter and sternocleidomastoid muscle tone, also augmented jaw
opening. Moon et al. found that using lumbar lordosis assistive support lowers the
decrement and stiffness of the upper trapezius in subjects with a forward head posture [37].
Moreover, the stiffness of the upper portion of the trapezius muscles was decreased with
the ischemic compression of the myofascial trigger points, a six-week programme with
stretching, mobilisation, strengthening, stabilisation workout, eccentric exercises, and
cervical stretching with craniocervical flexion exercises [36,38,44,45].

Within this context, the primary goal of this study is to investigate the changes in
muscle tone and the biomechanical and viscoelastic properties of the masseter and the
upper trapezius muscles, as assessed by myotonometry, following two distinct guided
exercise interventions. These interventions are designed to (i) mobilise the orofacial and
neck muscles and (ii) engage subjects in heavy chewing. Drawing upon existing literature
using similar interventions, we hypothesised that the masseter muscle’s stiffness and tone,
as well as those of the orofacial and trapezius muscles, would decrease as a result of the
exercise intervention. Conversely, we hypothesise an increase in stiffness and tone in
response to heavy chewing activities.

2. Materials and Methods
2.1. Study Design

The present study employed a cross-over, repeated-measures design. Each participant
underwent two different intervention protocols during a single visit. Initially, participants
completed an adapted version of the Fonseca anamnestic index questionnaire (FAI) to assess
the presence of temporomandibular disorders. During the interventions, the participants were
instructed to maintain a steady sitting posture on a standard chair. They were then exposed to
two distinct interventions as follows: (i) a structured series of exercises aimed at enhancing
the intramuscular coordination of muscles directly or indirectly involved in mastication and
maintaining head posture (Exercise), and (ii) vigorously chewing peppermint-flavoured sugar-
free chewing gum for 6 min (Chewing). A 20 min washout period was incorporated between
the Exercise and Chewing interventions to mitigate carry-over effects (Figure 1a). The duration
of the washout period was tested in a previous pilot study. Before and after each intervention,
the participants were assessed using myotonometry.

2.2. Power Analysis and Sample Size Justification

Based on a previous myotonometric study of the trapezius [44] showing a large effect
size, a power calculation (G*Power, effect size = 1.0) indicated that 10 participants would
provide an 80% power at o = 0.05; therefore, we recruited 12 participants to enhance
reliability and account for potential dropouts.
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Figure 1. Study design and methodology overview. (a) Study design. (b) Position of the Myoton
probe on the masseter muscle. (c) Position of the Myoton probe on the upper trapezius muscle.
(d) Myoton probe. (e) Myoton parameters.

2.3. Participants

Twelve healthy participants (6 men, aged 19-40 years; mean age 28,5 years) volun-
teered. The inclusion criteria for the study were individuals of both sexes, aged 18 to
40 years, with a Body Mass Index (BMI) between 18.5 and 24.9, and a Fonseca anamnestic
index (FAI) score > 15. The upper limit of 40 years was chosen to focus on a population
with a relatively stable muscle function, given that muscle mass and strength typically
show a more pronounced decline after the age of 40 [46]. Participants were required to have
a stable occlusion (defined as at least 20 teeth) and to exhibit pain-free passive and active
mouth opening, as confirmed by a dentist. Exclusion criteria were known muscular and
neurological disorders, pregnancy, and previous orthodontic treatments. Participants were
instructed to avoid caffeinated and alcoholic drinks on the day of the study and to refrain
from intense sports activities. All measurements were performed in the morning, starting at
9 AM, in a quiet room maintained at 22 °C. This approach was adopted to reduce potential
circadian rhythm influences on muscle stiffness [47] and to avoid thermal fluctuations that
may affect muscle function [48]. The study was approved by the National Medical Ethics
Committee of the Republic of Slovenia (Ethical Approval 0120-417/2021/3). All procedures
were performed according to the Declaration of Helsinki.

2.4. Assessment Procedures
2.4.1. Fonseca Anamnestic Index Questionnaire

All participants were initially screened using the Fonseca anamnestic index (FAI),
a widely used standardised diagnostic tool designed to assess the presence and sever-
ity of TMDs through patient self-report [49]. For this study, the FAI was translated into
Slovenian; however, this version has not yet undergone formal validation. The FIA ques-
tionnaire consists of 10 questions that cover the following four categories of symptoms:
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pain and discomfort, jaw movement, clicking/popping sounds, and functional impact.
Only one answer was allowed per question, which was scored as follows: “yes—10 points”,
“sometimes—>5 points”, or “no—0 points”. A score of 0-15 points indicates the absence of
signs and symptoms of TMDs, 2045 points indicate mild TMDs, 50—-65 points indicate
moderate TMDs, and 70-100 points indicate severe TMDs [50]. All included participants
attained a FAI score of 15 or less, rendering them suitable for the study. The questionnaire
contained additional epidemiological inquiries about gender, age, previous orthodontic
treatments, and the habituality of chewing gum, collected for future research and epidemi-
ological analysis (not needed for the present study).

2.4.2. Clinical Assessment

A comprehensive clinical assessment was performed on each patient by a licenced
dentist in a controlled clinical setting. The evaluation included a detailed medical and
dental history. Also, a standardised physical intraoral and extraoral examination was
conducted. The presence of parafunctional habits such as clenching or grinding was
assessed based on dental wear patterns and patient self-reports.

2.4.3. Myotonometry

The Myoton-PRO device (Myoton SA, Tallinn, Estonia) measured the tone, biome-
chanical, and viscoelastic properties of the masseter and the upper trapezius muscles. The
device, equipped with a 3 mm probe, provides a constant pre-load force and delivers
a quick-release mechanical impulse (0.6N) to induce soft tissue deformation, which is
recorded by the device (Figure 1d). This deformation provides information on several
parameters, such as natural oscillation frequency or tone (Hz), biomechanical properties
(stiffness, N/m; logarithmic decrement or decrement, indicating elasticity), and viscoelastic
properties (mechanical stress relaxation time or relaxation, ms; creep, the ratio of defor-
mation to relaxation time) (Figure 1e). The device’s interrater (0.65-0.95) and interrater
(0.66—0.88) reliability has been validated [11].

Measurements were performed with the participants being seated, their shoulders
and head in neutral positions, hips and knees at 90°, and feet parallel to the ground. The
masseter and upper trapezius muscles were chosen for their roles in mastication and
head posture, respectively. Measurement points were determined in accordance with
previous studies as follows: mid-way between the C7 and the acromion angle for the upper
trapezius [51] (Figure 1c) and between the zygomatic bone and mandibular angle for the
masseter muscle [8] (Figure 1b). Locations were marked with a water-based pen. The probe
was held perpendicular to the skin, and 15 mechanical impulses were delivered at 0.7 s
intervals for 15 ms each. Participants were instructed to maintain a relaxed mandibular
position. Assessments occurred before and within 60 s after each intervention, conducted
by the same examiner.

2.5. Interventions

The first intervention (Exercise) comprised stretching and coordination exercises for
the orofacial, neck, and shoulder girdle muscles. These exercises targeted the muscles
engaged in mastication and head posture [52]. The intervention protocol consisted of
25 exercises (Table 1). Exercises 1-4 were for tongue proprioception and control, Exercise 5
activated the orofacial muscle spindles and relaxed the orofacial muscles due to desensiti-
sation, Exercise 6 was for facial muscle relaxation, Exercise 7 was for the relaxation of the
mandible, Exercises 8-9 were mobilisation exercises (hold 30 s, pause 10 s, repeat 2x), Exer-
cises 10-12 were coordination exercises (20 s active, pause 10 s, repeat 3 x ), Exercises 13-16
were isometric strength exercises (hold 30 s. pause 10 s, repeat 2x), Exercises 17-18 aimed to
increase the upper cervical flexion and extension, Exercises 19-24 were isometric exercises
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for the cervical region, and Exercise 25 involved scapular retraction. Exercises 17-25 are
techniques used to increase axial extension (hold 20 s, pause 10 s, repeat 3x). The first
intervention protocol lasted around 25 min. The second intervention (Chewing) involved
chewing 6 commercially available sugar-free gums (22 g each) at 60 bites/minute for 6 min.
The Supplementary Materials include a detailed exercise description with photos and
videos https://osf.io/uZjyv/?view_only=c868938ea0984c2f989cdb62c6571126 (accessed on
28 December 2024).

Table 1. Intervention protocol exercise summary.

Exercise n

Aim Instructions

Exercise intervention

1
2-4

5

6

7
8-9

10-12

13-18

19-24
25

Tongue proprioception and control ~ Hold for 30 s. Rest for 10 s, repeat 2
Repeat at 0.5 Hz for 30 s. Rest for 10 s
repeat for 2
Activate orofacial muscle spindles ~ Hold for 30 s. Rest for 10 s, repeat 2 x
Facial muscle relaxation
Relaxation of the mandible
Mobilisation exercises
Repeat at 0.5 Hz for 20 s. Rest for 10 s
repeat for 3x
Isometric strength exercises Hold for 30 s. Rest for 10 s, repeat 2 x
Isometric exercisgs for the cervical Hold for 20s. Rest for 10's, repeat 3x
region
Scapular retraction

Coordination exercises

Chewing intervention

Chewing 60 bites/min for 6 min

2.6. Data Analysis

All data analyses, data cleaning, and statistical analyses were conducted using the R
programming language (version 4.2.1) in the Rstudio environment (version 2022.07.1). We
fitted separate repeated measure-nested linear mixed-effects models, estimated using REML
(ImerTest package 3.1-3; [53]), to examine the effects of each experimental intervention
(Exercise and Chewing) and time on the following Myoton parameters: stiffness (reflecting
the tissue’s resistance to shape changes), relaxation (the time required for the muscle to
regain its initial shape post-deformation), tone, creep (the deformation to relaxation time
ratio), and decrement (logarithmic decrement indicating elasticity). The model included
‘intervention” and ‘time” as fixed effects and ‘participants’ as random effects. To test
the assumptions of the mixed linear models, residuals were plotted against the fitted
values to assess homoscedasticity, and Q-Q plots were used to verify the normality of
the residuals. The visual inspection of residual plots revealed no obvious deviations
from homoscedasticity or normality. Moreover, p-values were computed using a Wald
t-distribution approximation, and Sidak-corrected post hoc tests were employed to identify
differences in cases of statistically significant interactions or main effect differences. To
quantify the magnitude of changes, we calculated effect sizes in terms of standardised
beta for mixed effect effects and Cohen’s d for post hoc measures. Standardised beta effect
sizes between 0.10 and 0.29 were considered small, effects between 0.30 and 0.49 were
considered medium, and effect sizes of 0.5 or greater were considered large. Coden’s d
effect sizes between 0.20 and 0.49 were considered small, effects between 0.50 and 0.79 were
considered medium, and effect sizes of 0.8 or greater were considered large [54].
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3. Results

Stiffness: For the masseter muscle, there was a significant interaction between time
and intervention on stiffness (3 = —88.60, t(745) = —9.03, p < 0.001). In practical terms, the
stiffness of the masseter increased by 14.46% (p < 0.001) following the Exercise intervention,
whereas it decreased by 8.82% (p < 0.001) following the Chewing intervention. By contrast,
no significant interaction or main effects were detected for trapezius stiffness (all p > 0.05)

(Figure 2).
Masseter m. Trapezius m.
— 0.001; Std. Beta = 0.88 1000
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Figure 2. Tissue stiffness is defined as the peak acceleration of the Myoton probe. The mean, standard
error, and individual changes in stiffness of the masseter and upper trapezius muscles. p: statistical
significance; Std. Beta: effect size of the interaction between time and intervention; d: Cohen d.

Tone: For the masseter muscle, there was a significant interaction between time and
intervention on tone (3 = —2.15, t(745) = —11.08, p < 0.001). Post hoc comparisons indicated
that tone increased by 7.03% (p < 0.001) for the Exercise group, whereas it declined by 5.53%
(p > 0.001) following the Chewing intervention. In the trapezius muscle, a statistically
significant interaction also emerged between time and intervention (3 = 1.38, t(683) = 6.40,
p < 0.001). Post hoc tests showed that tone decreased by 7.65% (p < 0.001) in the Exercise
group and by 1.06% (p = 0.003) in the Chewing group (Figure 3).

Decrement: For the masseter muscle, there was no significant interaction between time
and intervention on decrement (f = —0.0014, t(745) = —0.07, p = 0.943). The main effect of
the intervention was significant ( = —0.03, t(745) = —2.08, p = 0.038), while the main effect
of time did not reach any statistical significance (p = 0.965). In practical terms, both the
Exercise and Chewing interventions showed a negligible change in decrement. By contrast,
the trapezius muscle exhibited a significant interaction between time and intervention
(B =0.15, t(683) = 7.45, p < 0.001). In practical terms, the Exercise group demonstrated an
11.57% decrease (p < 0.001), whereas the Chewing group showed no statistically significant
changes (p = 0.861) (Figure 4).
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Figure 3. Tone is defined as the oscillation frequency of the Myoton probe. The mean, standard error,
and individual changes in tone of the masseter and upper trapezius muscles. p: statistical significance;
Std. Beta: effect size of the interaction between time and intervention; d: Cohen d.
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Figure 4. Decrement represents the relaxation of the muscle after the mechanical stimulus induced
by the Myoton device. The mean, standard error, and individual changes in the decrement of
the masseter and upper trapezius muscles. p: statistical significance; Std. Beta: effect size of the
interaction between time and intervention; d: Cohen d.

Creep: For the masseter muscle, there was a significant interaction between time and
intervention on creep (3 = 0.19, t(745) = 11.52, p < 0.001). In practical terms, the Exercise
group experienced a 9.71% decrease in creep (p < 0.001), whereas the Chewing group
exhibited a 9.68% increase (p < 0.001). By contrast, no significant main or interaction effects
were found for creep in the trapezius muscle (all p > 0.05) (Figure 5).



Appl. Sci. 2025, 15, 344 9of 16

Masseter m. Trapezius m.
20] p<0.001; Std.Beta = 0.91 204 p=0.499; Std.Beta=0.23
- p<0.001;d=055 p<0.001,d=040 ">
=} >
© 1.51 © 1.51
~ £ v — ~ »
o ] s ' . o
O 1 ol—=r= 0}
o VM= o)
— — b? —
o - o
0.51
0.0 - ; ; - 0.0 - " - .
PRE POST PRE POST PRE POST PRE POST

EI Exercise E Chewing

Figure 5. Creep parameter is defined as the ratio between deformation and relaxation time. The mean,
standard error, and individual changes in the creep of the masseter and upper trapezius muscles.
p: statistical significance; Std. Beta: effect size of the interaction between time and intervention;
d: Cohen d.

Relaxation: For the masseter muscle, there was a significant interaction between time
and intervention on relaxation ( = 3.27, t(745) = 11.38, p < 0.001). Post hoc tests revealed
that the Exercise intervention led to an 11.36% decrease in relaxation time (p < 0.001),
whereas the Chewing intervention produced a 9.98% increase (p < 0.001). Turning to the
trapezius muscle, there was a significant main effect of intervention (3 = 0.57, t(683) = 3.59,
p < 0.001), but neither the main effect of time (p = 0.090) nor the interaction (p = 0.441)
reached statistical significance (Figure 6).

Masseter m. Trapezius m.

30 P< ?-001? Std. Beta =]0-92 30] p=0441;std. Beta=0.07
e p<0.001;d=058 p<0001,d=039 _ | |
n 0
= E ‘
c c
.9 9 s: -
5 s 5 r
x » . “: -~
3 10 Sl I o
n'd 0

PRE POST PRE POST PRE POST PRE POST

EI Exercise E Chewing

Figure 6. Relaxation is the time required for the muscle to regain its initial shape post-deformation.
The mean, standard error, and individual changes in the relaxation of the masseter and upper
trapezius muscles. p: statistical significance; Std. Beta: effect size of the interaction between time and
intervention; d: Cohen d.
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A table with all model terms and results can be found in the Supplementary Materials
(Tables S1 and S2), while post hoc tests are summarised in Table 2.

Table 2. Descriptive statistics of myotonometric parameters. Data are expressed as the mean
=+ standard deviation. A% represents the relative changes from pre- to post-measurements. Sig.
represents the statistical relevance of post hoc tests, where asterisks represent the following: *** 0.001.

Exercise Chewing
Group PRE POST A%/Sig. PRE POST A%/Sig.

N R T T
Rel(arizgion 1629 £3.04  1444+329  —1136%** 1453 +£379 1598 & 3.62 9.98% ***
Tone (Hz)  16.65+200  17.82 + 2.30 7.03% 1771 4£237 1673 +1.94 —5.53%
Creep (au)  1.034+018 0934020  —971%**  093+023  1.02+022 9.68% ***
Degirf)ent 1.87 £ 0.21 1.87 +£0.34 0% 1.79 +£0.38 1.79 £ 0.35 0%

Tperosm, OB WS e g %o mME
Relaz;ion 14.62 £2.50  14.88 £2.72 1.78% 1524 £248 1567 £ 1.74 2.82%
Tone (Hz) 2077 +295  19.18 £2.56  —7.65%**  18.86+190  18.66 + 1.82 ~1.06%
Creep (au)  091+015 093 +0.16 2.20% 095+015  0.98+0.10 3.16%
Degif‘)em 1214027 1074019  —1157%**  1.04+£008  1.0540.12 0.96%

4. Discussion

The aim of the present study was to investigate the changes in muscle tone and the
biomechanical and viscoelastic properties of the masseter and the upper trapezius muscles,
as assessed by myotonometry, following two distinct guided exercise interventions. These
interventions were designed to (i) mobilise the orofacial and neck muscles or (ii) engage
participants in heavy chewing.

In the present study, we observed an increase in the stiffness and tone of the masseter
muscle following the Exercise intervention, contrasted by a decrease in both parameters af-
ter the Chewing intervention. The observed changes contrast with previous studies [7,9,27],
thus contradicting our hypotheses. We had anticipated that the Exercise intervention,
which included stretching and mobility exercises, would decrease both stiffness and tone,
while the Chewing intervention, which can be compared to strength training, would lead
to an increase in these parameters.

However, the stiffness of the masseter muscle increased after the Exercise intervention,
which was contrary to our expectations. This increase might be attributed to the exercise
protocol inducing a higher blood flow, like a warm-up effect, rather than solely providing
the stretching benefits typically associated with decreased muscle stiffness [33]. Similarly,
the increase in tone following the Exercise intervention suggests a complex interplay of
factors beyond simple mobilisation, potentially involving enhanced muscle temperature
and performance improvements, as seen in other studies on muscle rigidity. Baumgart
et al. [55], for example, reported an increase in the stiffness of the thigh leading to a boost
in jumping performance after a 10 min cycling workout. In another study, manual therapy
induced a similar increase in muscle tone in gastrocnemius muscle [56]. Conversely, the
decreased stiffness and tone after the Chewing intervention might be due to a fatigue-
induced decrease in muscle contraction capabilities. Although we could not monitor the
biting force in this study, we can speculate that the decrease in stiffness after the Chewing
intervention happened due to a loss in muscle contraction capabilities and, consequently,
a reduction in biting force. If this is true, the results of the present study are in line
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with previous studies conducted on leg muscles, where the authors reported that the
maximal muscle contraction level and stiffness were positively correlated [57]. Similarly, a
fatigue-induced decrease in muscle tone, assessed using tensiomyography, was recently
reported after an intervention inducing peripheral fatigue but without inducing central
fatigue [58], suggesting that the type, duration, and mode of muscle contraction might
have an important role in the fatigue-induced modulation of muscle tone.

The trapezius muscle, however, showed decreased tone following both interventions,
potentially leading to a relaxation of neck and shoulder muscles. These results support
previous findings that demonstrate the impact of various therapeutic and exercise interven-
tions on the upper trapezius, for example, after thoracic mobilisation [59], after resistance
training of the cervical and scapular region [60], and after trigger point therapy [61].

Creep represents the viscoelastic properties of skeletal muscles reflecting muscle
extensibility over time [62]. In this study, we found a significant decrease in masseter muscle
creep following the Exercise intervention, and an increase after the Chewing intervention,
while the trapezius muscle showed no significant changes in creep. This pattern of response
is in contrast with findings from a previous study on the rectus femoris muscle, where creep
decreased after strengthening exercises and increased following massage [63]. Our results
suggest that the creep response may be muscle-specific and influenced by each muscle’s
contraction history, indicating a multifaceted interplay of factors that determine a muscle’s
viscoelastic properties.

The parameter decrement is inversely proportional to muscle elasticity, which rep-
resents the muscle ability to revert its initial shape after a contraction or a removal of an
external deformation force [62]. In our study, we observed a significant decrease in decre-
ment following the Exercise intervention in the trapezius muscle, but not in the masseter
muscle. Namely, the trapezius muscle was able of regaining its original shape quicker
after the deformation induced by the myometer probe [26]. On the contrary, there were no
statistically significant changes in masseter and trapezius muscles following the Chewing
intervention. The results of this study are consistent with previous research, highlighting
the variable responses of upper trapezius decrement to different treatments. For instance,
lumbar lordosis assistive support, aimed to optimise the muscular dynamics of office
workers, decreased decrement [37], which is similar to the effects ultrasound therapy [43].
In contrast, an increase in upper trapezius muscle decrement was observed in sedentary
workers with a rounded shoulder posture [26], patients with cervicogenic headache [25],
and those with myogenous and mixed TMDs [27].

In our study, unlike the decrement parameter, which did not show statistically signifi-
cant changes in the masseter muscle after exercise, the relaxation of the masseter muscle
significantly decreased following the Exercise intervention and increased after the Chewing
intervention. This decrease in relaxation may suggest a reduction in the dissipation of mus-
cle mechanical energy [64], indicating that the masseter muscle required less effort to return
to its original resting position after being mechanically stimulated by the myotonometric
probe. Our results align with previous findings, where relaxation in the masseter and
sternocleidomastoid muscles increased in patients with malocclusion [40]. Additionally,
the relaxation of the trapezius muscle increased after both Exercise and Chewing interven-
tions. This increase implies that the upper trapezius muscle needed more time to revert to
its structural baseline [62]. These observations align with the findings of Pérez-Bellmunt
et al. [61], who observed increased relaxation in the gastrocnemius muscles following
ischemic compression on latent trigger points, commonly used for pain relief, inducing an
improvement in range of motion and muscular relaxation. Moreover, MTrPs therapy of the
trapezius muscle may prevent the development of dysfunction within the stomatognathic
system, as the introduction of myofascial pain in the trapezius contributes to functional
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imbalances within the stomatognathic system [16]. The results of this study reveal that the
type of physical activity significantly affects the muscle tone and the biomechanical and
viscoelastic properties as measured by myotonometry. These findings highlight a complex
interaction between the kind of exercise performed and its effects on muscle properties,
demonstrating the importance of considering specific muscle groups and exercise types in
such assessments.

This study is not without its limitations. The sample size was small and comprised
only healthy individuals, which may not be representative of the broader population,
especially those with temporomandibular disorders (TMDs), who were not included in
this study. The primary aim was to investigate the effects of guided exercise interventions
designed to mobilise orofacial and neck muscles or the effects of heavy chewing in a healthy
sample. However, this focus meant that only acute effects were studied, leaving long-term
impacts unexplored. Moreover, the study could have benefited from multiple time points
during the intervention to better capture the time course of changes in myotonometric
parameters through more frequent assessments. The absence of randomization and the
potential for carry-over effects between interventions, along with exclusion criteria that did
not account for shoulder pathology or posture abnormalities, further limit the generaliz-
ability of our findings. Another notable limitation was the absence of a control condition
without any intervention, which would have provided a clearer understanding of the
distinct effects of each intervention. However, previous studies have demonstrated the
high inter-visit reliability of the Myoton device, suggesting that no significant changes in
myotonometric parameters would be expected after a period of rest. Nonetheless, we rec-
ommend that future research include a control condition to better differentiate these effects.
Moreover, the masseter and upper trapezius muscles differ significantly in their inherent
characteristics, which may influence the outcomes observed in this study. The masseter,
predominantly influenced by genetic factors such as variations in the ACTN3 gene, exhibits
structural and functional traits linked to craniofacial morphology [65]. In contrast, the
upper trapezius, with its dual mesodermal origin and susceptibility to myofascial trigger
points, reflects a more complex interplay of developmental and functional influences [66].
A further limitation of this study was that the presence of myofascial trigger points (MTtPs)
was not assessed. This omission represents a drawback, as MTrPs in the upper trapezius
and TMDs are known to be associated with alterations in the electromyographic activity
patterns of masticatory muscles. Future research should include an evaluation of MTrPs
to address this limitation [67]. Additionally, the study did not analyse the results based
on sex. Myotonometry also has restrictions in its ability to measure muscles covered by
thick subcutaneous fat (>20 mm) or tissues not categorised as soft biological tissue. Our
study involved the repeated measurements of the masseter and upper trapezius muscles
in subjects with a normal body mass index (BMI between 20 and 24). Moreover, when
used according to instructions, the Myoton device does not require any additional assess-
ments of subcutaneous fat and connective tissue with ultrasound. Finally, the sequential
measurement of different muscles due to equipment constraints may have introduced
additional variability.

5. Conclusions

In conclusion, this study examined the effects of a guided exercise intervention and
heavy chewing on the masseter and upper trapezius muscles. The results, which did
not align with our hypotheses, highlight a complex relationship exists between these
interventions and muscle properties. These findings emphasise the need for further research
to better understand the therapeutic potential of exercise interventions for TMDs and
shoulder-neck dysfunctions.



Appl. Sci. 2025, 15, 344 13 of 16

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app15010344 /s1, Table S1: Results of linear mixed effect models
for the masseter muscle; Table S2: Results of linear mixed effect models for the trapezius muscle.
Additional material includes a detailed exercise description with photos and videos https:/ /osf.io/
uZjyv/ (accessed on 28 December 2024).

Author Contributions: Conceptualization, M.M.; methodology, M.K.; software, M.K.; validation,
M.M. and M .K; formal analysis, M.K.; investigation, M.M.; resources, M.V.; data curation, M.K.;
writing—original draft preparation, M.M.; writing—review and editing, M.M. and M.K.; visualisation,
M.M.; supervision, M.V. All authors have read and agreed to the published version of the manuscript.

Funding: MM was funded by Human Resources Development in Sport 2016-2022, Olympic Commit-
tee Slovenia.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the National Medical Ethics Committee of the Republic of Slovenia
(ethical approval 0120-417/2021/3 on 30 September 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original data presented in the study are openly available in Open
Science Framework at https:/ /osf.io/vmb9r/ (accessed on 28 December 2024).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

Lindfors, E.; Arima, T.; Baad-Hansen, L.; Bakke, M.; De Laat, A.; Giannakopoulos, N.N.; Glaros, A.; Guimaraes, A.S.; Johansson,
A.; Le Bell, Y,; et al. Jaw Exercises in the Treatment of Temporomandibular Disorders—An International Modified Delphi Study. J.
Oral. Facial Pain. Headache 2019, 33, 389-398. [CrossRef] [PubMed]

Shimada, A.; Ogawa, T.; Sammour, S.R.; Narihara, T.; Kinomura, S.; Koide, R.; Noma, N.; Sasaki, K. Effectiveness of Exercise
Therapy on Pain Relief and Jaw Mobility in Patients with Pain-Related Temporomandibular Disorders: A Systematic Review.
Front. Oral. Health 2023, 4, 1170966. [CrossRef] [PubMed ]

Lobbezoo, E; Lavigne, G.J.; Kato, T.; de Almeida, ER.; Aarab, G. The Face of Dental Sleep Medicine in the 21st Century. J. Oral.
Rehabil. 2020, 47, 1579-1589. [CrossRef] [PubMed]

Lobbezoo, E; Ahlberg, J.; Raphael, K.G.; Wetselaar, P.; Glaros, A.G.; Kato, T.; Santiago, V.; Winocur, E.; De Laat, A.; De Leeuw, R,;
et al. International Consensus on the Assessment of Bruxism: Report of a Work in Progress. . Oral. Rehabil. 2018, 45, 837-844.
[CrossRef]

Suvinen, T.I; Reade, P.C.; Kemppainen, P.; Konénen, M.; Dworkin, S.F. Review of Aetiological Concepts of Temporomandibu-
lar Pain Disorders: Towards a Biopsychosocial Model for Integration of Physical Disorder Factors with Psychological and
Psychosocial Illness Impact Factors. Eur. J. Pain. 2005, 9, 613-633. [CrossRef] [PubMed]

Zielinski, G.; Matysik-Wozniak, A.; Baszczowski, M.; Rapa, M.; Ginszt, M.; Pajak, B.; Szkutnik, J.; Rejdak, R.; Gawda, P. Myopia &
Painful Muscle Form of Temporomandibular Disorders: Connections between Vision, Masticatory and Cervical Muscles Activity
and Sensitivity and Sleep Quality. Sci. Rep. 2023, 13, 20231. [CrossRef]

Galczyniska-Rusin, M.; Pobudek-Radzikowska, M.; Gawriotek, K.; Czajka-Jakubowska, A. Gender-Related Biomechanical
Properties of Masseter Muscle among Patients with Self-Assessment of Bruxism: A Comparative Study. J. Clin. Med. 2022, 11, 845.
[CrossRef] [PubMed]

Hara, K.; Namiki, C.; Yamaguchi, K.; Kobayashi, K.; Saito, T.; Nakagawa, K.; Ishii, M.; Okumura, T.; Tohara, H. Association
between Myotonometric Measurement of Masseter Muscle Stiffness and Maximum Bite Force in Healthy Elders. J. Oral. Rehabil.
2020, 47, 750-756. [CrossRef] [PubMed]

Lee, K.; Chon, S. Assessments of Muscle Thickness and Tonicity of the Masseter and Sternocleidomastoid Muscles and Maximum
Mouth Opening in Patients with Temporomandibular Disorder. Healthcare 2021, 9, 1640. [CrossRef]

Song, C.; Yu, Y.-F; Ding, W.-L,; Yu, J.-Y,; Song, L.; Feng, Y.-N.; Zhang, Z.-]. Quantification of the Masseter Muscle Hardness
of Stroke Patients Using the MyotonPRO Apparatus: Intra- and Inter-Rater Reliability and Its Correlation with Masticatory
Performance. Med. Sci. Monit. 2021, 27, €928109. [CrossRef]

Tas, S.; Yasar, U,; Kaynak, B.A. Interrater and Intrarater Reliability of a Handheld Myotonometer in Measuring Mechanical
Properties of the Neck and Orofacial Muscles. J. Manip. Physiol. Ther. 2021, 44, 42—48. [CrossRef]


https://www.mdpi.com/article/10.3390/app15010344/s1
https://www.mdpi.com/article/10.3390/app15010344/s1
https://osf.io/u7jyv/
https://osf.io/u7jyv/
https://osf.io/vmb9r/
https://doi.org/10.11607/ofph.2359
https://www.ncbi.nlm.nih.gov/pubmed/31247061
https://doi.org/10.3389/froh.2023.1170966
https://www.ncbi.nlm.nih.gov/pubmed/37521175
https://doi.org/10.1111/joor.13075
https://www.ncbi.nlm.nih.gov/pubmed/32799330
https://doi.org/10.1111/joor.12663
https://doi.org/10.1016/j.ejpain.2005.01.012
https://www.ncbi.nlm.nih.gov/pubmed/15978854
https://doi.org/10.1038/s41598-023-47550-6
https://doi.org/10.3390/jcm11030845
https://www.ncbi.nlm.nih.gov/pubmed/35160297
https://doi.org/10.1111/joor.12968
https://www.ncbi.nlm.nih.gov/pubmed/32232877
https://doi.org/10.3390/healthcare9121640
https://doi.org/10.12659/MSM.928109
https://doi.org/10.1016/j.jmpt.2020.08.002

Appl. Sci. 2025, 15, 344 14 of 16

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Patil, D.].; Rathore, R.K,; Patel, A. Ultrasound Elastography in Temporomandibular Disorders: A Narrative Review. Cureus 2024,
16, €70004. [CrossRef] [PubMed]

Son, D.; Chun, W,; Park, S. Comparison of Craniovertebral Angle and Muscle Properties after Smartphone Use in Healthy
Individuals with and without Forward Head Posture. J. Korean Soc. Integr. Med. 2021, 9, 149-158. [CrossRef]

Colonna, A.; Guarda-Nardini, L.; Ferrari, M.; Manfredini, D. COVID-19 Pandemic and the Psyche, Bruxism, Temporomandibular
Disorders Triangle. CRANIO® 2024, 42, 429-434. [CrossRef] [PubMed]

Di Giacomo, P.; Serritella, E.; Imondi, F.; Di Paolo, C. Psychological Impact of COVID-19 Pandemic on TMD Subjects. Eur. Rev.
Med. Pharmacol. Sci. 2021, 25, 4616-4626. [CrossRef]

Ginszt, M.; Szkutnik, J.; Zieliniski, G.; Bakalczuk, M.; Stodétkiewicz, M.; Litko-Rola, M.; Ginszt, A.; Rahnama, M.; Majcher, P.
Cervical Myofascial Pain Is Associated with an Imbalance of Masticatory Muscle Activity. Int. |. Environ. Res. Public. Health 2022,
19, 1577. [CrossRef]

Homem, M.-R.; Backer, D.-L.; Floriani, F; Jurado, C.A.; Afrashtehfar, K.I. Minimally Invasive Techniques in the Management
of Muscular Temporomandibular Joint Disorders: A Five-Year Observational Study. J. Clin. Exp. Dent. 2024, 16, e602—e609.
[CrossRef]

Domingo, A.R.; Diek, M.; Goble, KM.; Maluf, K.S.; Goble, D.J.; Baweja, H.S. Short-Duration Therapeutic Massage Reduces
Postural Upper Trapezius Muscle Activity. Neuroreport 2017, 28, 108-110. [CrossRef] [PubMed]

Lee, S.Y.; Bae, S.I; Do, S.-H.; Sohn, J.-T.; Park, J.-W. The Effect of Brief Pre-Anesthetic Exercise Therapy of Jaw and Neck Joints on
Mouth Opening, Neck Extension, and Intubation Conditions during Induction of General Anesthesia: A Randomized Controlled
Trial. BMC Anesth. 2020, 20, 28. [CrossRef] [PubMed]

Kim, M.-].; Hong, J.-Y.; Lee, G.; Yoon, T.; Hwang, S.-H.; Kim, H.-H.; Jung, Y.; Park, J.-S. Effects of Chewing Exercises on the
Occlusal Force and Masseter Muscle Thickness in Community-Dwelling Koreans Aged 65 Years and Older: A Randomised
Assessor-Blind Trial. J. Oral. Rehabil. 2020, 47, 1103-1109. [CrossRef] [PubMed]

Shirai, M.; Kawai, N.; Hichijo, N.; Watanabe, M.; Mori, H.; Mitsui, S.N.; Yasue, A.; Tanaka, E. Effects of Gum Chewing Exercise on
Maximum Bite Force According to Facial Morphology. Clin. Exp. Dent. Res. 2018, 4, 48-51. [CrossRef]

Tsutsui, A.; Takeda, T.; Sakaue, T.; Togo, S.; Kanno, S.; Matsui, M.; Osawa, K.; Nakajima, K.; Fukuda, K. Effect of Gum Chewing
Training on Masseter Muscle Oxygen Dynamics. Adv. Exp. Med. Biol. 2024, 1463, 329-334. [CrossRef]

Kawai, N.; Shibata, M.; Watanabe, M.; Horiuchi, S.; Fushima, K.; Tanaka, E. Effects of Functional Training after Orthognathic
Surgery on Masticatory Function in Patients with Mandibular Prognathism. J. Dent. Sci. 2020, 15, 419-425. [CrossRef] [PubMed]
Donskov, A.O.; Shimada, A.; Vinge, L.; Svensson, P.; Andersen, H. Oral Function in Patients with Myasthenia Gravis. Peer] 2021,
9, €11680. [CrossRef] [PubMed]

Park, SK,; Yang, D.J.; Kim, ].H.; Heo, ]JW.; Uhm, Y.H.; Yoon, J.H. Analysis of Mechanical Properties of Cervical Muscles in
Patients with Cervicogenic Headache. |. Phys. Ther. Sci. 2017, 29, 332-335. [CrossRef] [PubMed]

Guduru, RK.R.; Domeika, A.; Domeikiené, A. Effect of Rounded and Hunched Shoulder Postures on Myotonometric Measure-
ments of Upper Body Muscles in Sedentary Workers. Appl. Sci. 2022, 12, 3333. [CrossRef]

Tas, S.; Kaynak, B.A.; Salkin, Y.; Karakog, Z.B.; Dag, F. An Investigation of the Changes in Mechanical Properties of the Orofacial
and Neck Muscles between Patients with Myogenous and Mixed Temporomandibular Disorders. CRANIO® 2024, 42, 150-159.
[CrossRef] [PubMed]

Lo, WL.A,; Zhao, ].L.; Li, L.; Mao, Y.R.; Huang, D.F. Relative and Absolute Interrater Reliabilities of a Hand-Held Myotonometer
to Quantify Mechanical Muscle Properties in Patients with Acute Stroke in an Inpatient Ward. Biomed. Res. Int. 2017, 2017,
4294028. [CrossRef]

Yeo, S.; Kang, H.; An, S.; Cheong, I; Kim, Y.; Hwang, J. Mechanical Properties of Muscles around the Schoulder in Breast Cancer
Patients: Intra-Rater and Inter-Rater Reliability of the MyotonPRO. Pol. Marit. Res. 2020, 12, 374-381. [CrossRef]

Kutlutiirk Yikilmaz, S.; Cevik Saldiran, T.; Oztiirk, O.; Oktem, S. Intersession Intra-Rater and Inter-Rater Reliability of My-
otonometer for Upper and Lower Extremity Muscles in Children with Spinal Muscular Atrophy. Diagnostics 2024, 14, 2300.
[CrossRef]

Pérez, M.A.; Urrejola-Contreras, G.; Alvarez, B.; Steilen, C.; Latorre, A.; Torres-Banduc, M.A. Exploring the Interplay between
Body Mass Index and Passive Muscle Properties in Relation to Grip Strength and Jump Performance in Female University
Students. Peer] 2024, 12, €18430. [CrossRef] [PubMed]

Wang, J.-S. Therapeutic Effects of Massage and Electrotherapy on Muscle Tone, Stiffness and Muscle Contraction Following
Gastrocnemius Muscle Fatigue. J. Phys. Ther. Sci. 2017, 29, 144-147. [CrossRef]

Klich, S.; Krymski, I.; Kawczynski, A. Viscoelastic Properties of Lower Extremity Muscles after Elite Track Cycling Sprint Events:
A Case Report. Central Eur. |. Sport Sci. Med. 2020, 29, 5-10. [CrossRef]

Zhu, Y,; Feng, Y.; Huang, F; Li, Y.; Wang, W.; Wang, X.; Cao, X.; Zhang, Z. Changes in Stiffness of the Specific Regions of Knee
Extensor Mechanism after Static Stretching. Front. Bioeng. Biotechnol. 2022, 10, 958242. [CrossRef] [PubMed]


https://doi.org/10.7759/cureus.70004
https://www.ncbi.nlm.nih.gov/pubmed/39445293
https://doi.org/10.15268/ksim.2021.9.4.149
https://doi.org/10.1080/08869634.2021.1989768
https://www.ncbi.nlm.nih.gov/pubmed/34652252
https://doi.org/10.26355/eurrev_202107_26254
https://doi.org/10.3390/ijerph19031577
https://doi.org/10.4317/jced.61618
https://doi.org/10.1097/WNR.0000000000000718
https://www.ncbi.nlm.nih.gov/pubmed/27977513
https://doi.org/10.1186/s12871-020-0939-8
https://www.ncbi.nlm.nih.gov/pubmed/31996130
https://doi.org/10.1111/joor.13036
https://www.ncbi.nlm.nih.gov/pubmed/32589302
https://doi.org/10.1002/cre2.102
https://doi.org/10.1007/978-3-031-67458-7_53
https://doi.org/10.1016/j.jds.2020.01.006
https://www.ncbi.nlm.nih.gov/pubmed/33505611
https://doi.org/10.7717/peerj.11680
https://www.ncbi.nlm.nih.gov/pubmed/34249511
https://doi.org/10.1589/jpts.29.332
https://www.ncbi.nlm.nih.gov/pubmed/28265168
https://doi.org/10.3390/app12073333
https://doi.org/10.1080/08869634.2021.1934795
https://www.ncbi.nlm.nih.gov/pubmed/34061722
https://doi.org/10.1155/2017/4294028
https://doi.org/10.1002/PMRJ.12227
https://doi.org/10.3390/diagnostics14202300
https://doi.org/10.7717/peerj.18430
https://www.ncbi.nlm.nih.gov/pubmed/39553718
https://doi.org/10.1589/jpts.29.144
https://doi.org/10.18276/cej.2020.1-01
https://doi.org/10.3389/fbioe.2022.958242
https://www.ncbi.nlm.nih.gov/pubmed/36046676

Appl. Sci. 2025, 15, 344 15 of 16

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

Konrad, A.; Seiberl, W.; Tilp, M.; Holzer, D.; Paternoster, EK. What to Stretch?—Isolated Proprioceptive Neuromuscular
Facilitation Stretching of Either Quadriceps or Triceps Surae Followed by Post-Stretching Activities Alters Tissue Stiffness and
Jump Performance. Sports Biomech. 2022, 1-18. [CrossRef] [PubMed]

Park, S.K.; Yang, D.J.; Kim, J.H.; Kang, D.H.; Park, S.H.; Yoon, ].H. Effects of Cervical Stretching and Cranio-Cervical Flexion
Exercises on Cervical Muscle Characteristics and Posture of Patients with Cervicogenic Headache. J. Phys. Ther. Sci. 2017, 29,
1836-1840. [CrossRef]

Moon, J.-H.; Jung, J.-H.; Hahm, S.-C.; Oh, H.-K,; Jung, K.-S.; Cho, H.-Y. Effects of Lumbar Lordosis Assistive Support on
Craniovertebral Angle and Mechanical Properties of the Upper Trapezius Muscle in Subjects with Forward Head Posture. ]. Phys.
Ther. Sci. 2018, 30, 457-460. [CrossRef] [PubMed]

Kisilewicz, A.; Janusiak, M.; Szafraniec, R.; Smoter, M.; Ciszek, B.; Madeleine, P.; Fernandez-de-Las-Pefias, C.; Kawczynski, A.
Changes in Muscle Stiffness of the Trapezius Muscle After Application of Ischemic Compression into Myofascial Trigger Points in
Professional Basketball Players. |. Hum. Kinet. 2018, 64, 35-45. [CrossRef]

Kim, H.-E. Influential Factors of Masticatory Performance in Older Adults: A Cross-Sectional Study. Int. ]. Env. Res. Public. Health
2021, 18, 4286. [CrossRef] [PubMed]

Julia-Sanchez, S.; Alvarez-Herms, J.; Cirer-Sastre, R.; Corbi, F,; Burtscher, M. The Influence of Dental Occlusion on Dynamic
Balance and Muscular Tone. Front. Physiol. 2019, 10, 1626. [CrossRef]

Kaizu, A.; Tsuboi, Y. Creation of Myofascial Pain Syndrome-Like Muscle by Artificial Electrical Stimulation and Stretching
Treatment. J. Neurosci. Methods 2023, 393, 109862. [CrossRef] [PubMed]

Kisilewicz, A.; Urbaniak, M.; Kawczyriski, A. Effect of Muscle Energy Technique on Calf Muscle Stiffness Increased after Eccentric
Exercise in Athletes. ]. Kinesiol. Exerc. Sci. 2018, 28, 21-29. [CrossRef]

Szajkowski, S.; Pasek, J.; Dwornik, M.; Cieslar, G. Biomechanical Properties of Masseter Muscle Assessed through Myotonometry
in Patients with Temporomandibular Disorder Treated with Ultrasound Therapy: A Randomized Comparative Study. Minerva
Dent. Oral. Sci. 2024, 73, 45-52. [CrossRef]

Kisilewicz, A.; Madeleine, P; Ignasiak, Z.; Ciszek, B.; Kawczynski, A.; Larsen, R.G. Eccentric Exercise Reduces Upper Trapezius
Muscle Stiffness Assessed by Shear Wave Elastography and Myotonometry. Front. Bioeng. Biotechnol. 2020, 8, 928. [CrossRef]
[PubMed]

Villanueva, A.; Rabal-Pelay, J.; Berzosa, C.; Gutiérrez, H.; Cimarras-Otal, C.; Lacarcel-Tejero, B.; Bataller-Cervero, A.V. Effect of a Long
Exercise Program in the Reduction of Musculoskeletal Discomfort in Office Workers. Int. J. Env. Res. Public. Health 2020, 17, 9042.
[CrossRef] [PubMed]

Doherty, T.J. Invited Review: Aging and Sarcopenia. J. Appl. Physiol. 2003, 95, 1717-1727. [CrossRef]

Douglas, C.M.; Hesketh, S.J.; Esser, K.A. Time of Day and Muscle Strength: A Circadian Output? Physiology 2021, 36, 44-51.
[CrossRef]

Rodrigues, P; Trajano, G.S.; Stewart, I.B.; Minett, G.M. Potential Role of Passively Increased Muscle Temperature on Contractile
Function. Eur. |. Appl. Physiol. 2022, 122, 2153-2162. [CrossRef] [PubMed]

Rodrigues-Bigaton, D.; de Castro, E.M.; Pires, P.F. Factor and Rasch Analysis of the Fonseca Anamnestic Index for the Diagnosis
of Myogenous Temporomandibular Disorder. Braz. |. Phys. Ther. 2017, 21, 120-126. [CrossRef]

Pires, PF,; de Castro, E.M.; Pelai, E.B.; de Arruda, A.B.C.; Rodrigues-Bigaton, D. Analysis of the Accuracy and Reliability of the
Short-Form Fonseca Anamnestic Index in the Diagnosis of Myogenous Temporomandibular Disorder in Women. Braz. |. Phys.
Ther. 2018, 22, 276-282. [CrossRef]

Liu, C.L.; Feng, Y.N.; Zhang, H.Q.; Li, Y.P,; Zhu, Y.; Zhang, Z.]. Assessing the Viscoelastic Properties of Upper Trapezius Muscle:
Intra- and Inter-Tester Reliability and the Effect of Shoulder Elevation. J. Electromyogr. Kinesiol. 2018, 43, 226-229. [CrossRef]
[PubMed]

Melchior, M.D.O.; Valencise Magri, L.; Da Silva, A.M.B.R.; Cazal, M.S.; Da Silva, M.A.M.R. Influence of Tongue Exercise and
Orofacial Myofunctional Status on the Electromyographic Activity and Pain of Chronic Painful TMD. CRANIO® 2021, 39, 445-451.
[CrossRef] [PubMed]

Kuznetsova, A.; Brockhoff, PB.; Christensen, R H.B. ImerTest Package: Tests in Linear Mixed Effects Models. J. Stat. Soft. 2017, 82, 26.
[CrossRef]

Cohen, . Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 2013; ISBN 978-0-203-77158-7.
Baumgart, C.; Freiwald, J.; Kithnemann, M.; Hotfiel, T.; Hiittel, M.; Hoppe, M.W. Foam Rolling of the Calf and Anterior Thigh:
Biomechanical Loads and Acute Effects on Vertical Jump Height and Muscle Stiffness. Sports 2019, 7, 27. [CrossRef] [PubMed]
Albin, S.R.; Koppenhaver, S.L.; Bailey, B.; Blommel, H.; Fenter, B.; Lowrimore, C.; Smith, A.C.; McPoil, T.G. The Effect of Manual
Therapy on Gastrocnemius Muscle Stiffness in Healthy Individuals. Foot 2019, 38, 70-75. [CrossRef]

Do, Y,; Lall, PS.; Lee, H. Assessing the Effects of Aging on Muscle Stiffness Using Shear Wave Elastography and Myotonometer.
Healthcare 2021, 9, 1733. [CrossRef]


https://doi.org/10.1080/14763141.2022.2058991
https://www.ncbi.nlm.nih.gov/pubmed/35400290
https://doi.org/10.1589/jpts.29.1836
https://doi.org/10.1589/jpts.30.457
https://www.ncbi.nlm.nih.gov/pubmed/29581671
https://doi.org/10.2478/hukin-2018-0043
https://doi.org/10.3390/ijerph18084286
https://www.ncbi.nlm.nih.gov/pubmed/33919497
https://doi.org/10.3389/fphys.2019.01626
https://doi.org/10.1016/j.jneumeth.2023.109862
https://www.ncbi.nlm.nih.gov/pubmed/37084894
https://doi.org/10.5604/01.3001.0012.7985
https://doi.org/10.23736/S2724-6329.23.04855-6
https://doi.org/10.3389/fbioe.2020.00928
https://www.ncbi.nlm.nih.gov/pubmed/32903634
https://doi.org/10.3390/ijerph17239042
https://www.ncbi.nlm.nih.gov/pubmed/33291564
https://doi.org/10.1152/japplphysiol.00347.2003
https://doi.org/10.1152/physiol.00030.2020
https://doi.org/10.1007/s00421-022-04991-7
https://www.ncbi.nlm.nih.gov/pubmed/35771296
https://doi.org/10.1016/j.bjpt.2017.03.007
https://doi.org/10.1016/j.bjpt.2018.02.003
https://doi.org/10.1016/j.jelekin.2017.09.007
https://www.ncbi.nlm.nih.gov/pubmed/29103836
https://doi.org/10.1080/08869634.2019.1656918
https://www.ncbi.nlm.nih.gov/pubmed/31431149
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.3390/sports7010027
https://www.ncbi.nlm.nih.gov/pubmed/30669477
https://doi.org/10.1016/j.foot.2019.01.006
https://doi.org/10.3390/healthcare9121733

Appl. Sci. 2025, 15, 344 16 of 16

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

Kalc, M.; Pus, K.; Paravlic, A.; Urbang, J.; Simunié, B. Diagnostic Accuracy of Tensiomyography Parameters for Monitoring
Peripheral Neuromuscular Fatigue. J. Electromyogr. Kinesiol. 2023, 70, 102775. [CrossRef]

Park, S.J.; Kim, S.H.; Kim, S.H. Effects of Thoracic Mobilization and Extension Exercise on Thoracic Alignment and Shoulder
Function in Patients with Subacromial Impingement Syndrome: A Randomized Controlled Pilot Study. Healthcare 2020, 8, 316.
[CrossRef]

Kang, T.; Kim, B. Cervical and Scapula-Focused Resistance Exercise Program versus Trapezius Massage in Patients with Chronic
Neck Pain: A Randomized Controlled Trial. Medicine 2022, 101, €30887. [CrossRef] [PubMed]

Pérez-Bellmunt, A.; Simon, M.; Lépez-de-Celis, C.; Ortiz-Miguel, S.; Gonzalez-Rueda, V.; Fernandez-de-Las-Penas, C. Effects on
Neuromuscular Function After Ischemic Compression in Latent Trigger Points in the Gastrocnemius Muscles: A Randomized
Within-Participant Clinical Trial. J. Manip. Physiol. Ther. 2022, 45, 490-496. [CrossRef] [PubMed]

Myoton, A.S. MyotonPRO User Manual; Myoton AS: Tallinn, Estonia, 2012.

Kablan, N.; Alaca, N.; Tatar, Y. Comparison of the Immediate Effect of Petrissage Massage and Manual Lymph Drainage Following
Exercise on Biomechanical and Viscoelastic Properties of the Rectus Femoris Muscle in Women. J. Sport. Rehabil. 2021, 30, 725-730.
[CrossRef]

Rey, E.; Lois-Abal, M.; Padrén-Cabo, A.; Lorenzo-Martinez, M.; Costa, P.B. Influence of Training Load on Muscle Contractile
Properties in Semi-Professional Female Soccer Players Across a Competitive Microcycle: A Pilot Study. Sensors 2024, 24, 6996.
[CrossRef] [PubMed]

Nicot, R.; Raoul, G.; Vieira, A.R,; Ferri, ].; Sciote, ].J. ACTN3 Genotype Influences Masseter Muscle Characteristics and Self-
Reported Bruxism. Oral. Dis. 2021, 29, 232. [CrossRef]

Heude, E.; Tesarova, M.; Sefton, E.M.; Jullian, E.; Adachi, N.; Grimaldi, A.; Zikmund, T.; Kaiser, J.; Kardon, G.; Kelly, R.G.; et al.
Unique Morphogenetic Signatures Define Mammalian Neck Muscles and Associated Connective Tissues. Elife 2018, 7, e40179.
[CrossRef] [PubMed]

Zielinski, G.; By, A.; Szkutnik, J.; Majcher, P.; Ginszt, M. Electromyographic Patterns of Masticatory Muscles in Relation to
Active Myofascial Trigger Points of the Upper Trapezius and Temporomandibular Disorders. Diagnostics 2021, 11, 580. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jelekin.2023.102775
https://doi.org/10.3390/healthcare8030316
https://doi.org/10.1097/MD.0000000000030887
https://www.ncbi.nlm.nih.gov/pubmed/36181044
https://doi.org/10.1016/j.jmpt.2020.07.015
https://www.ncbi.nlm.nih.gov/pubmed/33431281
https://doi.org/10.1123/jsr.2020-0276
https://doi.org/10.3390/s24216996
https://www.ncbi.nlm.nih.gov/pubmed/39517893
https://doi.org/10.1111/odi.14075
https://doi.org/10.7554/eLife.40179
https://www.ncbi.nlm.nih.gov/pubmed/30451684
https://doi.org/10.3390/diagnostics11040580
https://www.ncbi.nlm.nih.gov/pubmed/33805008

	Introduction 
	Materials and Methods 
	Study Design 
	Power Analysis and Sample Size Justification 
	Participants 
	Assessment Procedures 
	Fonseca Anamnestic Index Questionnaire 
	Clinical Assessment 
	Myotonometry 

	Interventions 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

