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Introduction: Masticatory function is often impaired in patients with painful
temporomandibular disorders (TMD); therefore, more detailed studies on
comminution and mixing ability are warranted in well-defined TMD patients
with chronic myalgia. Moreover, there is a need to explore the correlation
between any changes in perceived pain or fatigue in such patients and the
masticatory function.

Materials and methods: Self-assessments using questionnaires regarding pain,
oral health, jaw function, masticatory ability, fear of movement, and
psychosocial signs were answered by all the participants. A series of chewing
tasks involving viscoelastic food and two-colored gum were performed.
Optical imaging and analysis were conducted. Bite force as well as
characteristics of pain and fatigue were assessed.

Results: In patients, the fragmented soft candy particles were less in number
and had larger median of area and minimum Feret's diameter after
standardized chewing compared to healthy individuals (P =0.02).
Surprisingly, the two-colored Hue-Check gum was less mixed by the healthy
controls since they displayed a greater variance of the hue (P =0.04). There
were significant differences between the patients and the healthy controls in
the self-assessed masticatory ability, mainly regarding pain-related variables.
Conclusions: Objectively, TMD patients with chronic myalgia exhibited an
impaired masticatory performance with less efficiency in comminuting soft
viscoelastic food compared to the pain-free healthy control group. There
was an agreement between the patients’ self-assessed masticatory ability and
the efficiency of their masticatory function.
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chewing, mastication, masticatory efficiency, masticatory ability, myalgia, myofascial
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au, arbitrary units; Borg's RPE, Borg’s rating of perceived exertion scale; CI, confidence interval; DC/
TMD, the Diagnostic Criteria for Temporomandibular Disorders; EMG, electromyographic activity;
GAD, generalized anxiety disorder scale; GCPS, graded chronic pain scale; IQR, interquartile range;
ISI, insomnia severity index; JFLS, jaw functional limitation scale; MVBF, maximal voluntary bite force;
NRS, numeric rating scale; OBC, oral behavior checklist; OHIP, oral health impact profile; OR, odds
ratio; PCS, pain catastrophizing scale; PHQ-15, the patient health questionnaire for physical symptoms;
PHQ-9, the patient health questionnaire for depression; PSS, perceived stress scale; QMF, quality of
masticatory function; SD, standard deviation; SSS, somatic severity scale; TMD, temporomandibular
disorders; TMJ, temporomandibular joint; VOH, variance of hue; WPI, widespread pain index.
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Introduction

Temporomandibular disorders (TMD) are a collective term
embracing chronic pain conditions in the orofacial region, thus
affecting the masticatory muscles or the temporomandibular
joint and their associated structures (1). Patients with
temporomandibular disorders often complain about pain,
usually chronic jaw muscle pain (2), and jaw dysfunction, for
instance, restricted jaw mobility and chewing difficulties (3).
Previous studies indicated that chewing pattern and duration
differ in patients with TMD, including painful jaw muscles
and TM]J, from controls (4, 5). These studies showed that
difficulties in vertical mouth opening and chewing were
significantly more prevalent in patients with TMD. Those
patients
duration of chewing, and higher number of chewing strokes

displayed a unilateral chewing pattern, longer
during observational
the

electromyographic (EMG) activity of the jaw-closing muscles

monitoring. Further, experimental

pain in masseter muscle induced a decreased
in their agonist phase during painful mastication (6).

Mastication is the first step of the process of digestion in which
food is prepared for swallowing. Chewing is a complex sensory-
motor activity that is under the necessary neuromuscular
control, leading to a reduction of the food particle size in order
to allow further breakdown by salivary enzymes (7). Chewing
performance can be described in terms of kinetics and EMG
activity (8). The masticatory muscles move the mandible
dynamically in a rhythmic pattern in order to bring the teeth
into intermittent contact by occluding and opening and generate
the force needed to comminute the food (9, 10). Previous
studies have shown enhanced muscle activity in healthy pain-
free jaw-closing muscles with increased food hardness due to
sensory feedback from periodontal receptors and spindle
afferents of the jaw-closing muscles (11-15). Also, the prediction
of food properties based on information obtained during
previous chewing cycles plays an important role in regulating
jaw muscle activation during the jaw-closing phase, especially as
the mechanical properties of the food are changing during
natural mastication (16, 17). Age, gender, jaw muscle size, dental
state, salivary flow rate, bolus size, chewing rate, bite force, jaw
movements, and TMDs are among the factors that are believed
to affect the masticatory performance in humans (18-25).

Objective assessment of masticatory performance or
efficiency needs to include variables of comminution and
mixing functions (20, 26-30). Several studies have assessed
jaw kinematics and masticatory performance objectively in
specific patient groups, such as older adults, denture wearers,
and patients with dental implants (31-39). Both the objective
masticatory efficiency and self-reported masticatory ability
aspects are of importance in evaluating the masticatory
performance, especially considering the weak and even lack of
correlation between them (24, 40).
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To the best of our knowledge, there are no studies that
investigate either the objective masticatory efficiency of
with the subjective
experiences of the ability or difficulty of mastication in these

patients chronic jaw myalgia or
patients. The main aim of the study was to investigate
masticatory performance in patients with chronic jaw myalgia
using comminution and mixing tests. Furthermore, to explore
the correlation between any changes in the perceived pain or
fatigue and the masticatory function. We hypothesized that
TMD pain patients would show signs of impaired chewing
reflected

comminution test and larger variance of hue values in the

function in larger food particles during the
mixing ability test compared to the control group. Also,
increased pain and fatigue reports in patients would correlate
negatively with efficient chewing. A second aim was to

explore these patients’ self-assessed masticatory ability.

Materials and methods

This case-control study was conducted at the Department
of Dental Medicine, Karolinska Institutet, Huddinge, Sweden.
The study was performed in accordance with the Declaration
of Helsinki and approved by the Regional Ethical Review
Board in Stockholm (DNR: 2014/1394-3).

Participants

Twenty patients with myalgia according to the Diagnostic
Criteria for Temporomandibular Disorders (DC/TMD) (41)
and 20 healthy and pain-free controls were enrolled in this
study. The sample size calculation indicated that 17 patients
with myalgia and 17 controls were needed to show a mean
(SD) difference of 30% between groups, with a power of 80%
and a significance level of P<0.05 (5, 42). The participants
were recruited at the University Dental Clinic and the
of Dental
Huddinge, Sweden. Before inclusion, all participants were

Department Medicine, Karolinska Institutet,
given both verbal and written information about this study,
and an informed written consent was obtained.

The inclusion criteria for the TMD pain patient group were:
local myalgia/myofascial pain with referred pain in masseter
and/or temporal muscles according to the DC/TMD by
Schiffman et al. (41); pain duration of at least 3 months; and
current pain with a minimum score of 4 according to
numeric rating scale (NRS 0-10). For the healthy individuals,
the inclusion criteria were: good general health. Additional
inclusion criteria for all participation in the study were: age
over 18 years; natural teeth within positions 13-16 and 23-26
with normal relation to antagonistic teeth; and at least 2
premolar/molar occlusal contacts per side in intercuspal

position, including single fixed tooth-supported prostheses/
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FIGURE 1

Experimental protocol and illustration samples—the experimental protocol and sequence of assessments are illustrated. Recordings of chewing
duration during each chewing task S1 (natural chewing with soft candy), S2 (standardized chewing with soft candy), H1 (natural chewing with
hard candy), H2 (standardized chewing with hard candy), Hue-Check gum, S3 (natural chewing with soft candy) and S4 (standardized chewing
with soft candy) were registered. Pain intensity and self-reported fatigue/exertion were assessed at baseline and after each chewing sequence,
S1+4S2, H1+ H2, Hue-Check gum and S3 + S4. Maximal voluntary bite force was assessed at baseline and at the end of the experiment. The
figure presents samples to illustrate images of the fragmented soft candy (A), hard candy after chewing (B) and Hue-Check gum after chewing
(C) as well as imaging in Image J (D).

crowns or single root-canal-treated teeth. Individuals with experiment, use of cannabinoids, or any medication that

missing teeth within positions 13-16 and 23-26 due to might influence the neurological function; allergy to any of

orthodontic extractions or aplasia, but no edentulous areas, the substances or food used in the experiment; pregnancy or

were included. lactation; and cognitive or physical disability that prevent
The exclusion criteria for the healthy individuals were: a participation.

diagnosis of myalgia or myofascial pain according to DC/
TMD; and additional palpatory tenderness of the masseter,
temporalis muscles, or over the temporomandibular joint Experimental prOtOCOl
(TMJ). Additional exclusion criteria for all participation in the

study were: a diagnosis of arthralgia, degenerative joint Prior to the inclusion, all participants answered
disease, painful jaw clicking or popping/locking according to questionnaires regarding their psychosocial distress and pain
DC/TMD; toothache, neuropathic pain in the trigeminal nerve characteristics, including pain drawings according to Axis II
region or referred pain from other regions to the jaw muscles; of DC/TMD, as well as self-assessments regarding their
clinically visible dental pathology or mobility, malocclusions, chewing abilities according to the questionnaires mentioned
edentulous areas, single fixed implant prostheses, tooth- below. The participants were also clinically examined
supported or implant-supported bridges within positions 13- according to Axis I of DC/TMD. The participants were then
16 and 23-26 or dentures; tooth wear grade 3 =exposure of asked to perform a series of chewing tasks involving six
pulp or secondary dentine according to the simplified scoring candies and one pair of two-colored gum. Recordings of
criteria for tooth wear index I by Lopez-Frias et al. (43); chewing durations during each chewing task were registered.
General pain conditions or systemic inflammatory diseases Pain intensity and self-reported fatigue/exertion were assessed
(for example, fibromyalgia, rheumatoid arthritis, psoriatic at baseline, after the first two soft candies (S1 + S2), after the
arthritis, ankylosing spondylitis) or neurological disease (for two hard candies (H1 + H2), after the chewing gum, and after
example, myasthenia gravis, craniomandibular dystonia); the last two soft candies (S3 +S4). Maximal voluntary bite
whiplash-associated disorder; use of any medication that force (MVBF) was assessed at baseline and at the end of the
might influence the response of pain i.e., analgesics, anti- experiment. The experimental protocol and sequence of
inflammatory or muscle relaxant during 24 h preceding the assessments are explained in detail and illustrated in Figure 1.
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All clinical examinations and assessments, including giving
instructions to the participants and monitoring the number
of chewing strokes and scans, were performed by one
examiner (SAS).

Questionnaires

Self-assessments using questionnaires regarding pain, oral
health, jaw function, masticatory ability, fear of movement,
and psychosocial signs were answered by all the participants.
The questionnaires included were: DC/TMD Axis II (41),
graded chronic pain scale (GCPS-7) (44), oral behavior
checklist (OBC-21) (45), oral health impact profile (OHIP-14)
(46), jaw functional limitation scale (JFLS-20) (47, 48), quality
of masticatory function (QMF-28) (49), Tampa scale for
kinesiophobia (Tampa-TMD-18) (50), widespread pain index
(WPI) and somatic severity scale (SSS) (51), diagnostic
criteria for irritable bowel syndrome (Rome IV) (52), pain
catastrophizing scale (PCS-13) (53), the patient health
questionnaire for depression (PHQ-9) (54), generalized
anxiety disorder scale (GAD-7) (55), the patient health
(PHQ-15)  (56),
perceived stress scale (PSS-10) (57) and insomnia severity
index (ISI-7) (58).

questionnaire for physical symptoms

Test food

Both edible laboratory-fabricated test foods (14, 15, 31, 59,
60) and commercially available foods (36, 42, 61) were used in
studying the comminuting function. In the current study,
viscoelastic candies were used. Big red heart-shaped jelly candy
(Stora Gelé Hjartan, Konfektyrfabriken Aroma AB) served as
soft elastic candy. Red circular-shaped sugar-coated sour
gummy gelatin candy (Haribo Syrlingar, Haribo Lakrits AB)
served as hard plastic candy. Each one of the heart-shaped soft
candy was manually cut and formed into cubes with
standardized dimensions of 20 x20 x5 mm, all by the same
(SAS). The had
standardized dimensions of 20x5mm. For studying the

examiner circular-shaped hard candies
mixing performance, the standardized two-colored Hue-Check
gum was used (30, 62), which is a valid and reliable method
(26, 63-66) that had been used in several previous studies
(67-69). Images of the test food and gum are shown in Figure 1.

Chewing tasks

The participants chewed four pieces of soft candies (S1, S2,
S3 and S4) and two pieces of hard candies (H1 and H2). The
participants were instructed to chew S1, HI1, and S3 as
naturally as possible until swallowing onset and then to
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spit-out instead of swallowing. S2, H2, and S4 would be
chewed in a standardized manner using the habitual/preferred
side with twenty chewing strokes/chewing cycles. Soft candies
S3 and S4 were used to explore possible correlations between
the perceived changes in pain or fatigue and the chewing
performance. All the candy, together with the saliva, should
be spited-out in plastic mugs for later spreading on
transparent sheets. The participants were also instructed
according to the manual of Schimmel (62) to chew the two-
colored Hue-Check gum twenty times as normally as possible
and were allowed to change the chewing side during this task.
The participants were instructed to rinse their mouth with
water after spitting out each candy and gum.

Assessment of bite force

The maximal voluntary bite force (MVBF) in Newton (N)
was assessed at baseline and at the end of the experiment. A
custom-made bite force transducer (1,000 N, 41.0 x 12.0 x
5.0 mm, length x width x height, Aalborg University, Aalborg,
Denmark) was used to assess the MVBF. The bite force
transducer was covered with 1 mm rubber in order to
avoid any cross-contamination and reduce the risk of tooth
fracture and inserted between the first molars either on the
right or left side, depending on each participant’s habitual or
preferred masticatory side. The assessment of MVBF was
repeated three times at baseline and at the end of the
experiment. The mean of the three assessments was later
included in the statistical analyses.

Assessment of pain characteristics and
self-reported fatigue/exertion

At baseline, the participants were asked to mark the
maximum pain spread on a lateral chart of the face for both
the right and left sides separately as well as intra-orally. Pain
intensity was assessed at baseline, after S1 + S2, after H1 + H2,
and after S3 + S4 using a numeric rating scale (NRS) (0-10),
where the end-points were 0=no pain and 10=worst
imaginable pain (70).

Self-reported fatigue/exertion was assessed at baseline, after
S1+ 82, after H1 + H2, and after S3 + S4 using Borg’s Rating of
Perceived Exertion Scale (Borg's RPE) (6-20), where 6 is
extremely easy effort and 20 is maximum effort (71).

Imaging, Pre-processing, and data
analyses

Sieving using silicone-based test food, such as Optosil
Comfort, has been used as gold standard method regarding
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comminution of food (24, 72-75). Since sieving requires a lot of
time and special equipment, alternative methods were identified
and tested. Studies showed that optical scanning or imaging is a
comparable method to sieving and is more time-effective (28,
29, 76-79). Studying the mixing performance using two-
colored gum requires optical scanning and image processing
as well.

At the end of the chewing experiment, the fragmented candies
were immediately manually separated and spread on a transparent
sheet with standardized dimensions of 100 mm x 100 mm and left
to dry until the next day for later scanning within 24 h. The
chewed gum was immediately flattened in a transparent plastic
bag with standardized dimensions of 70 mm x 70 mm X 1 mm
for scanning within 24 h. The candies were weighed in grams
before chewing as well as the transparent sheet that would be
used for each candy. The fragmented candies were weighed
once again the next day after drying from the saliva they were
soaked in. A digital gram scale with a precision of +0.01 g (Fino
Balance Mini; Fino GmbH, Bad Bocklet, Germany) was used
throughout the whole experiment.

The scanning apparatus Ricoh eduPrint Scanner was used
for the scanning of the pain drawings, the samples of the
fragmented candies, and flattened chewing gum. The two-
dimentional imaging of the candy particles and the chewing
gum was standardized with the following settings: Color —
Original type-full color, Resolution — 300 dpi, Scanning-
format — Cropped scanning in mm 210 x 297/5 x 5/100 x 100
for the candy samples and 210 x297/5x5/70 x70 for the
chewing gum, and Reproduction ratio — 100%. All of the
samples (candy and chewing gum) were scanned with a white
paper serving as background.

The candy images were pre-processed by standardized
settings in Adobe Photoshop CC software (version 19.1.3,
Adobe Systems Incorporated, San Jose, CA, United States) in
order to remove any shadows and then analyzed by Fiji Image
J (Image Processing and Analysis in Java; National Institutes
of Health, United States). The settings used in Fiji Image ]
were also standardized as follows: Scale — width: 1185, height:
1185, Type — 8-bite, Size — width: 1185, height: 1185, depth:
1, Background — black and white: dark background, Set
measurements — area, area fraction and Analyze particles —
size (inch): 0-infinity, circularity: 0-1, show: outlines, display
results. The results were then converted from inches to
millimeters. The results are presented in the number of
particles into which the original candies were crushed, the
minimum Feret’s diameter of the particles since they have an
irregular shape and area of the particles in millimeters (mm).

The View Gum®©, which is the Hue-Check Gum® own
validated analyzing software (freeware), was wused for
analyzing the variance of hue (VOH) according to the
instructions in the attached manual (30, 62, 80).

The Adobe Photoshop CC software (version 19.1.3, Adobe

Systems Incorporated, San Jose, CA, United States) was
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used to count the pixels within the marked total pain area
from the scanned drawings in arbitrary units (au). Those pain
drawings provided visual illustration and quantitatively
described the pattern and location of pain as well as referred

pain (81).

Statistical analyses

The statistical analyses were performed using SigmaPlot
software version 14.0 (Systat Software Inc., San Jose, CA,
United States) and SPSS 27.0 (IBM Corp, Armonk, NY,
United States). Normality of the data was tested with the
Shapiro-Wilk test. Parametric and non-parametric tests were
used to analyze data depending on the outcome of the
normality test. The majority of the variables showed a non-
normal distribution and a skewness to the right, except for
the mouth opening capacity, the variance of the hue, and the
chewing duration of the two-colored gum. For MVBF, values
were normalized and presented as the percentage change from
baseline values. For between-group comparison, unpaired
t-test was used for variables on a nominal scale and normal
distributed data, while the Mann-Whitney U test was used for
variables on an ordinal scale and skewed distributions. For
within-group comparisons, paired t-test or Wilcoxon signed
rank test were used to test differences between the chewing
modes (natural and standardized) and the change in MVBF at
the end of the experiment compared to baseline values. The
Kruskal-Wallis analysis of variance with Tukey post-hoc test
for the associated multiple comparisons was used to test the
differences between the chewing tasks (based on type of
hard;
The Friedman’s analysis of variance for

candy: soft wvs. natural vs.
standardized).

repeated measures with Tukey post-hoc test for the associated

and chewing mode:

multiple comparisons was used to test changes in pain

intensity and  self-reported fatigue/exertion. ~ Spearman
correlation test was applied to detect any correlation between
objective variables of masticatory performance and self-
reported variables, including pain, fatigue, and variables of
the

questionnaires. Binary logistic regression analyses were carried

self-assessed ~ masticatory  ability  obtained  from
out to further explore which of the objective and self-reported
can be

First,

considered as dependent variable, and the healthy group was

variables considered predictors of masticatory

performance. condition (healthy or patient) was
set as reference group when analysis was performed to
identify objective predictors. Later when exploring predictors
among the self-reported variables, the strongest objective
predictor identified was used as dependent variable, while the
reference cut-off value was generated using the patient group’s
median value of that identified predictor. Data are reported as
frequencies, means, and standard deviation (SD) or median
and interquartile range (IQR). Data from the regression
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analyses are reported in odds ratio (OR) and 95% confidence
interval (CI). The significance level was set at P < 0.05.

Results
Participants

The study involved 20 TMD pain patients with median (IQR)
age of 26 (10) years as well as 20 healthy, pain-free, age and sex-
matched volunteers with median (IQR) age of 25.5 (9.5) years.
Both groups were comprised of 16 women and 4 men.

All included patients were diagnosed with myalgia, sub-
classified according to DC/TMD into 10% with local myalgia,
35% with myofascial pain and 55% with myofascial pain with
referred pain. Further, 95% of the patients were diagnosed
with headache associated with TMD. 20% of the patients were
diagnosed with disc displacement with reduction. None of the
healthy controls had any TMD diagnosis according to DC/
TMD. 35% of the patients had low pain intensity and low
grade of disability (according to GCPS-7), 60% had high pain
intensity and low grade of disability, 5% had moderately
limiting high disability, and none of them had severely
limiting high disability. Since the controls were all pain-free,
the patients showed significantly greater baseline values of
pain intensities, pain duration, pain area, reduced pain-free
mouth opening capacity as well as fatigue compared to the
healthy and pain-free controls (Tables 1, 2) and (Figures 2, 3).

Compared to the controls, the TMD pain patients also
showed a greater negative self-perceived impact on their oral
health
greater degree of limitations in their jaw functioning (JFLS,
QMF, and QMF-fruits), and a greater degree of kinesiophobia
(Tampa AA and SF) (P<0.05; respectively). As shown in
Supplementary Table S1, there were no differences between

(OHIP-pain and OHIP-psychological impacts), a

the groups regarding any aspect of psychosocial distress, but
the patients with myalgia showed a significantly higher
scoring of widespread pain (WPI) and somatic severity (SSS)
although no diagnoses of general pain conditions.

Regression analyses revealed that the self-perceived quality
of masticatory function (QMF-28) was the strongest self-
reported predictor of masticatory performance (OR=1.02;
95% CI=1.002-1.04; P =0.03).

Dentition

The median (IQR) of the total number of the occluding
tooth pairs in patients and healthy controls were 12.0 (3.0)
and 13.0 (3.8), respectively. Further, the median (IQR) of the
post-canine number of the occluding tooth pairs in patients
and healthy controls were 8.0 (0.8) and 8.0 (0.0), respectively.

There was no difference in the number of neither all
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TABLE 1 Self-reported characteristics at baseline for the included 20
patients and 20 controls.

Variable Patients Controls P-
value
Age 26.0 (10.0) 25.5 (9.5) 1.0
Pain Characteristics
Current Pain Intensity BL 4.0 (1.4) 0.0 (0.0) <0.001*
Pain Duration BL 48.0 (94.5) 0.0 (0.0) <0.001*
Pain Area BL 65,110.5 0.0 (0.0) <0.001*
(163,466.3)
Graded Chronic Pain Scale (GCPS)
Characteristic Pain Intensity 57.0 (25.3) 0.0 (0.0) <0.001*
(CPI)
Oral Behavior Checklist (OBC) 15.0 (75.0) 35.0 (25.0) 0.7
Question 13 25.0 (32.5) 20.0 (25.0) 1.0
Oral Health Impact Profile 0.0 (100.0) 0.0 (100.0) 1.0
(OHIP)
Functional Limitation 0.0 (0.0) 0.0 (0.0) 0.6
Pain and Discomfort 1.0 (3.0) 0.0 (0.0) <0.001*
Psychological Impacts 1.0 (4.0) 0.0 (0.0) 0.001*
Behavioral Impacts 0.0 (1.0) 0.0 (0.0) 0.1
Jaw Functional Limitation Scale 1.0 (1.8) 0.0 (0.0) <0.001*
(JELS)
Chewing 1.0 (2.0) 0.0 (0.0) <0.001*
Mobility 1.0 (2.8) 0.0 (0.0) <0.001*
Communication 0.0 (1.0) 0.0 (0.0) 0.03*
Quality of Masticatory Function 40.0 (15.0) 31.0 (15.8) 0.04%
(QMF)
Mastication 6.0 (3.8) 4.5 (3.8) 0.1
Swallowing 4.0 (1.8) 4.0 (0.0) 0.3
Meats 10.5 (5.0) 7.0 (6.0) 0.1
Fruit 11.9 (3.8) 8.9 (4.2) 0.02*
Vegetables 7.0 (2.5) 4.5 (4.0) 0.1
Tampa Scale of Kinesophobia 50.0 (30.0) 50.0 (100.0) 1.0
(TSK)
Activity Avoidance 10.5 (6.0) 7.0 (2.0) <0.001*
Somatic Focus 7.5 (4.8) 5.0 (0.0) <0.001*

Table presenting the self-reported pain characteristics, self-perceived oral
behavior, jaw function, quality of mastication, and degree of kinesiophobia at
baseline for the included 20 patients with myalgia in the orofacial region and
20 healthy, pain-free controls. Data are expressed as median (IQR,
interquartile range) for all variables. BL = baseline. P-values refer to the
comparisons between conditions by Mann-Whitney rank sum t-test.
*Significant difference: P<0.05. The age was assessed in years, pain intensity
according to numeric rating scale, pain duration in months, pain area in
arbitrary units, and all variables obtained from questionnaires in percent.

occluding tooth pairs nor the post-canine occluding pairs
the (P=03 and P=0.2,
respectively). All patients exhibited mild to moderate tooth

between condition  groups
wear; 80% of them had dentition that was generally affected.
85% of the patients displayed mild tooth wear (1st grade),
and 15% displayed moderate tooth wear (2nd grade). On the

other hand, 85% of the healthy participants exhibited tooth
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TABLE 2 Clinical and experimental variables at baseline and during the
experiment for 20 patients and 20 controls.

Variable Patients Controls  P-value
Mouth Opening Capacity (MOC)
Pain-free voluntary BL 42.6 (7.9) 54.1 (7.6) <0.001*
Max voluntary BL 53.0 (5.1) 54.8 (7.1) 0.4
Maximal Voluntary Bite Force (MVBF)
BL 3983 (143.2)  414.8 (171.6) 0.7
% Change compared to BL 11.4 (28.6) 11.9 (24.6) 1.0
Chewing Duration
S1 14.9 (6.9) 17.5 (5.4) 0.1
S2 16.6 (2.9) 16.3 (4.0) 0.6
H1 324 (19.1) 41.9 (20.4) 0.2
H2 19.0 (3.8) 182 (3.7) 0.1
S3 14.6 (6.1) 15.0 (3.8) 0.8
S4 16.6 (2.9) 15.4 (2.6) 0.2
Hue-Check gum 18.5 (2.7) 18.0 (3.0) 0.6
Candy Weight After Chewing (% of BL-weight)
S1 79.3 (20.8) 77.3 (16.0) 06
S2 82.5 (9.2) 84.5 (10.6) 0.4
H1 69.9 (23.3) 64.1 (29.0) 0.2
H2 88.1 (5.9) 90.0 (5.4) 0.9
S3 82.9 (28.2) 74.3 (20.3) 1.0
S4 83.3 (13.5) 80.3 (15.6) 0.9
Candy Weight Loss
S1 20.7 (20.8) 227 (15.2) 06
S2 17.5 (9.2) 15.5 (10.6) 0.4
H1 30.1 (23.3) 35.9 (29.0) 0.2
H2 11.9 (5.9) 10.0 (5.4) 0.9
3 17.1 (28.2) 25.7 (20.3) 1.0
S4 16.8 (13.5) 19.7 (15.6) 0.9
Number of Candy Particles
S1 29.5 (37.0) 46.0 (30.3) 0.1
S2 31.5 (26.8) 42.5 (33.0) 0.02*
H1 3.5 (19.0) 8.5 (29.5) 0.5
H2 1.0 (0.0) 1.0 (1.0) 0.5
3 26.0 (35.0) 37.5 (45.0) 05
S4 32.5 (33.8) 47.0 (40.3) 0.1
Area of Candy Particles
S1 12.6 (9.8) 9.0 (6.1) 0.1
S2 17.4 (14.4) 9.4 (6.9) 0.02*
H1 34.5 (316.4) 30.2 (204.2) 0.6
H2 391.9 (43.2) 3942 (188.3) 0.9
S3 11.1 (14.0) 12.6 (12.0) 0.8
S4 16.8 (20.2) 10.3 (9.1) 0.02*
Minimum Feret’s Diameter of Candy Particles
S1 3.5 (1.4) 3.1 (1.0) 0.1
S2 3.8 (2.2) 3.0 (1.2) 0.1
H1 5.2 (16.2) 5.3 (9.9) 0.7
(continued)
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TABLE 2 Continued

Variable Patients Controls P-value
H2 21.8 (1.5) 21.8 (9.5) 1.0
S3 33 (2.1) 3.4 (1.8) 1.0
S4 41 (2.3) 3.1 (1.3) 0.02*
Hue of Gum 0.1 (0.04) 0.2 (0.1) 0.04*

Clinical and experimental variables at baseline and during the experiment
included 20 patients with myalgia in the orofacial region and 20 healthy,
pain-free controls. Data are expressed as median (IQR, interquartile range)
for all variables except mouth opening capacity, maximal voluntary bite
force, hue of the hue-check chewing gum, and chewing duration of the
hue-check chewing gum, which are expressed in mean (SD, standard
deviation). BL =baseline. P-values refer to the comparisons between
conditions by Mann-Whitney Rank Sum or unpaired t-tests.

*Significant difference: P < 0.05. The weight proportion after chewing and loss
were assessed in percent, mouth opening capacity and minimum Feret's
diameter in millimeters, bite forces at baseline in Newton, bite force change
in percent, chewing duration in seconds, area in square millimeters, and hue
of gum in variance.

wear, which was only mild. Of those, 53% displayed dentition
that was generally affected.

Chewing performance

The number of soft candy particles spitted out by TMD
patients after standardized chewing (20 chewing cycles) was
significantly less, with a significantly larger area and larger
minimum Feret’s diameter compared to controls. The patients
also exhibited a significantly smaller variance of the hue after
chewing the two-colored gum than the controls (Table 2).

The different chewing tasks were compared within the
groups based on chewing mode (Table 3) and candy type
(Table 4). Within the control group, greater weight loss of the
soft candy was exhibited in the natural chewing task Sl
compared to the standardized task S2 as well as higher
number of candy particles was displayed in the natural task
S3 compared to standardized task S4 (Table 3).

Finally, both groups showed a significant increase in the
maximal voluntary bite force at the end of the experiment
compared to baseline values, with 11.4% for the patients and
11.9% for the controls; P <0.001 for both groups.

Regression analyses revealed that the number of particles
was the strongest objective predictor of masticatory
performance (OR =0.99; 95% CI=0.98-1.0; P=0.01).

Chewing pattern

50% of the patients and 45% of the healthy controls
declared bilateral (alternate/simultaneous) chewing pattern.
20% of the patients and 5% of the healthy controls declared
chronic unilateral chewing pattern and the right side being
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FIGURE 2

In this figure, median (IQR) of pain intensity scores assessed with
numeric rating scale are shown at baseline, after chewing
sequences S1+S2, H1+ H2, Hue-Check gum, S3+S4 and at the
end of the experiment. The patients scored *significantly higher
scores than the healthy controls throughout the whole experiment
(Mann—-Whitney rank sum test; P<0.001). The pain intensity did
not change at any assessment point compared to baseline values
in both groups (Friedman ANOVA test/Tukey post-hoc; P> 0.05).
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FIGURE 3

In this figure, median (IQR) of self-reported fatigue scores assessed
with Borg's rating of perceived exertion are shown at baseline, after
chewing sequences S1+ S2, H1 + H2, Hue-Check gum, S3 + S4 and
at the end of the experiment. The patients scored *significantly
higher scores than the healthy controls throughout the whole
experiment (Mann—-Whitney rank sum test; P<0.001). The fatigue
did not change at any assessment point compared to baseline
value in the patient group (Friedman ANOVA test/Tukey post-hoc;
P>0.05), but it was #significantly higher after chewing sequence
H1+H2 compared to baseline value in the control group
(Friedman ANOVA test/Tukey post-hoc; P = 0.006).
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the dominant chewing side for the majority. On the other hand,
30% of the patients and 50% of the healthy controls declared
preferred unilateral chewing pattern with the right side also
being the dominant side for the majority. The Hue-Check
gum was retrieved from the right side for the majority of the
patients but that was not the case for the healthy controls.

Pain and fatigue

Patients scored higher pain intensity than controls at all
assessment points of the experiment (Figure 2). Within the
patient group, pain intensity after S3 + S4 correlated positively
with the number of particles and weight loss in the natural
task S3 (Spearman; P=0.04). Furthermore, pain intensity at
baseline correlated positively with the chewing duration of S3
(Spearman; P =0.04).

Compared to controls, patients scored higher self-reported
fatigue at all assessment points of the experiment (Figure 3).
Within the healthy group, the self-reported sensation of
fatigue was significantly higher after chewing the hard candies
H1 +H2 compared to the baseline value (Friedman ANOVA
test/Tukey post-hoc; P =0.006) (Figure 3). In this group, the
fatigue after H1+H2 correlated positively with the fatigue
after chewing of the Hue-Check gum (Spearman; P=0.01)
and correlated negatively with the chewing duration of S3
(Spearman; P=0.01).

The different chewing tasks were compared within the
condition groups based on the effect of pain and fatigue
changes (Table 5). It is worth mentioning that Figures 2 and
3 show the changes in pain and fatigue, respectively, while
Table 5 presents any possible effect of the changes on chewing.

Discussion

The main finding of this investigation was that the TMD
patients with chronic myalgia in the jaw muscles, compared
to the healthy controls, exhibited an impaired masticatory
performance with less efficiency in food comminution. Such
impairment of the masticatory function is also exhibited by
other TMD patients with frequent temporomandibular joint
clicking and moderate or severe overall symptoms of TMD
(82), as well as other patient groups with malocclusions and
anomalies (83-85). Efficient chewing performance is indicated
by proper food breakdown rather than short chewing duration
or low number of chewing cycles (24, 39, 86-89). In patients,
the fragmented soft candy particles were less in number and
had larger median of area and minimum Feret’s diameter
after the standardized chewing (20 chewing cycles). The
finding is explained by the significant differences in pain
(including pain-related variables) and fatigue in patients
compared to controls. Further, higher fragmentation of
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TABLE 3 Comparisons within conditions and between chewing tasks based on chewing mode (natural x standardized).

Variable Patients Controls
Chewing Task  Chewing Task  P-value Chewing Task Chewing Task P-value
S1 S2 S1 S2
Chewing Duration 14.9 (6.9) 16.6 (2.9) 0.3 17.5 (5.4) 16.3 (4.0) 0.3
Candy Weight
After Chewing (% of BL-weight) 79.3 (20.8) 82,5 (9.2) 0.4 77.3 (15.2) 84.5 (10.6) 0.003*
Loss 20.7 (20.8) 17.5 (9.2) 0.4 22.7 (15.2) 15.5 (10.6) 0.003*
Number of Candy Particles 29.5 (37.0) 31.5 (26.8) 0.8 46.0 (30.3) 42.5 (33.0) 0.1
Area of Candy Particles 12.6 (9.8) 17.4 (14.4) 0.3 9.0 (6.1) 4 (6.9) 0.5
Minimum Feret’s Diameter of Candy Particles 3.5 (1.4) 3.8 (2.2) 0.4 3.1 (1.0) 0 (1.2) 0.6
H1 H2 H1 H2
Chewing Duration 324 (19.1) 19.0 (3.8) <0.001* 41.9 (20.4) 18.2 (3.7) <0.001*
Candy Weight
After Chewing (% of BL-weight) 69.9 (23.3) 88.1 (5.9) <0.001* 64.1 (29.0) 90.0 (5.4) <0.001*
Loss 30.1 (23.3) 11.9 (5.9) <0.001* 35.9 (29.0) 10.0 (5.4) <0.001*
Number of Candy Particles 3.5 (19.0) 1.0 (0.0) 0.003* 8.5 (29.5) 1.0 (1.0) <0.001*
Area of Candy Particles 345 (316.4) 391.9 (43.2) 0.01% 302 (204.2) 3942 (188.3) <0.001*
Minimum Feret’s Diameter of Candy Particles 5.2 (16.2) 21.8 (1.5) 0.01* 53 (9.9) 21.8 (9.5) <0.001*
S3 S4 S3 S4
Chewing Duration 14.6 (6.1) 16.6 (2.9) 0.1 15.0 (3.8) 15.4 (2.6) 0.7
Candy Weight
After Chewing (% of BL-weight) 82.9 (28.2) 82.3 (13.5) 04 743 (20.3) 80.3 (15.6) 02
Loss 17.1 (28.2) 16.8 (13.5) 0.4 25.7 (20.3) 19.7 (15.6) 0.2
Number of Candy Particles 26.0 (35.0) 32.5 (33.8) 0.7 37.5 (45.0) 47.0 (40.3) 0.01*
Area of Candy Particles 11.1 (14.0) 16.8 (20.2) 0.3 12.6 (12.0) 10.3 (9.1) 0.1
Minimum Feret’s Diameter of Candy Particles 3.3 (2.1) 1(2.3) 0.2 3.4 (1.8) 3.1 (1.3) 0.1

Experimental variables were compared within conditions and between chewing tasks based on the chewing mode (natural x standardized). Data are expressed as
median (IQR, interquartile range). P-values refer to the comparisons within conditions by Wilcoxon signed rank test as well as Kruskal—Wallis and Tukey post-hoc tests.
*Significant difference: P < 0.05. The chewing duration in seconds, weight proportion after chewing, and loss were assessed in percent, area in square millimeters, and

minimum Feret's diameter in millimeters.

candies in patients correlated positively with more intensified
pain. Also, more severe pain facilitated longer chewing
duration. That is in agreement with previous results showing
that chewing duration correlated positively with TMD
severity (5).

Both experimental groups needed, as could be expected,
longer chewing duration for the hard candy compared to the
soft candy and were able to split the soft candy into higher
numbered and smaller particles than the hard candy within
the similar chewing modes (S1 and S3 compared to HI; S2
and S4 compared to H2), implying an adaptation to candy
hardness (15, 90, 91), and further demonstrating that this
adaptability to food hardness did not seem to be negatively
affected in TMD pain patients.

Greater weight loss in chewing task S1 than in S2, as well as
higher number of particles in S3 compared to S4, were only
evident within the healthy control group. Both findings
indicate a more efficient crushing of candies in the natural
tasks S1 and S3. The controls probably chose to alternate to
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“the less fatigued” side during the natural tasks S1 and S3,
which they were not able to do during the standardized tasks
S2 and S4, where they were instructed to chew only on the
habitual/preferred side. Alternating sides facilitated more
efficient chewing using the less fatigued side and giving the
fatigued side an opportunity to recover. The recovery seems
to be fast in the healthy controls since the increased fatigue
was rather low and the chewing was still efficient. Being able
to crush the candy efficiently in S3 after the increased fatigue
in H1 + H2 confirms that. A greater weight loss was found to
be positively correlated with higher number of particles and
negatively correlated with greater particle size (number and
size of particles correlate negatively). Swallowing threshold
seems to mainly depend on the degree of pulverization (87);
smaller particle size facilitates easier swallowing (39, 92), and
thereby more unintentional “happened to” swallow incidents
occurred, leading to greater weight loss. There is also the risk
of inadequate collection of the comminuted particles despite

the strict instructions and management (79). That risk
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TABLE 4 Comparisons within conditions and between chewing tasks based on candy type (soft x hard).
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Variable Patients Controls
Chewing Task  Chewing Task  P-value Chewing Task Chewing Task P-value
S1 H1 S1 H1
Chewing Duration 14.9 (6.9) 32.4 (19.1) <0.001* 17.5 (5.4) 419 (20.4) <0.001*
Candy Weight
After Chewing (% of BL-weight) 79.3 (20.8) 69.9 (23.3) 0.3 77.3 (15.2) 64.1 (29.0) 0.1
Loss 20.7 (20.8) 30.1 (23.3) 0.3 22.7 (15.2) 35.9 (29.0) 0.1
Number of Candy Particles 29.5 (37.0) 3.5 (19.0) 0.001* 46.0 (30.3) 8.5 (29.5) <0.001*
Area of Candy Particles 12.6 (9.8) 34.5 (316.4) 0.04* 9.0 (6.1) 30.2 (204.2) 0.01*
Minimum Feret’s Diameter of Candy Particles 3.5 (1.4) 5.2 (16.2) 0.1 3.1 (1.0) 53 (9.9) 0.01*
H1 S3 H1 S3
Chewing Duration 324 (19.1) 14.6 (6.1) <0.001* 41.9 (20.4) 15.0 (3.8) <0.001*
Candy Weight
After Chewing (% of BL-weight) 69.9 (23.3) 82.9 (28.2) 0.3 64.1 (29.0) 74.3 (20.3) 0.1
Loss 30.1 (23.3) 17.1 (28.2) 0.3 35.9 (29.0) 25.7 (20.3) 0.1
Number of Candy Particles 3.5 (19.0) 26.0 (35.0) <0.001* 8.5 (29.5) 37.5 (45.0) 0.003*
Area of Candy Particles 34.5 (316.4) 11.1 (14.0) 0.01% 30.2 (204.2) 12.6 (12.0) 0.1
Minimum Feret’s Diameter of Candy Particles 5.2 (16.2) 33 (2.1) 0.02* 53 (9.9) 4 (1.8) 0.1
S2 H2 S2 H2
Chewing Duration 16.6 (2.9) 19.0 (3.8) 0.003* 16.3 (4.0) 18.2 (3.7) 0.2
Candy Weight
After Chewing (% of BL-weight) 82.5 (9.2) 88.1 (5.9) 0.002* 84.5 (10.6) 90.0 (5.4) 0.01%
Loss 17.5 (9.2) 11.9 (5.9) 0.002* 15.5 (10.6) 10.0 (5.4) 0.01*
Number of Candy Particles 31.5 (26.8) 1.0 (0.0) <0.001* 42.5 (33.0) 1.0 (1.0) <0.001*
Area of Candy Particles 17.4 (14.4) 391.9 (43.2) <0.001* 9.4 (6.9) 394.2 (188.3) <0.001*
Minimum Feret’s Diameter of Candy Particles 3.8 (2.2) 21.8 (1.5) <0.001* 3.0 (1.2) 21.8 (9.5) <0.001*
H2 S$4 H2 S4
Chewing Duration 19.0 (3.8) 16.6 (2.9) <0.001* 18.2 (3.7) 15.4 (2.6) 0.02*
Candy Weight
After Chewing (% of BL-weight) 88.1 (5.9) 83.3 (13.5) 0.003* 90.0 (5.4) 80.3 (15.6) 0.002*
Loss 11.9 (5.9) 16.8 (13.5) 0.003* 10.0 (5.4) 19.7 (15.6) 0.002*
Number of Candy Particles 1.0 (0.0) 32.5 (33.8) <0.001* 1.0 (1.0) 47.0 (40.3) <0.001*
Area of Candy Particles 391.9 (43.2) 16.8 (20.2) <0.001* 394.2 (188.3) 10.3 (9.1) <0.001*
Minimum Feret’s Diameter of Candy Particles 21.8 (1.5) 1(2.3) <0.001* 21.8 (9.5) 3.1 (1.3) <0.001*

Experimental variables were compared within conditions and between chewing tasks based on the candy type (soft X hard). Data are expressed as median (IGQR,

interquartile range). P-values refer to the comparisons within conditions by Wilcoxon signed rank test as well as Kruskal-Wallis and Tukey post-hoc tests.

*Significant difference: P < 0.05. The chewing duration in seconds, weight proportion after chewing, and loss were assessed in percent, area in square millimeters, and

minimum Feret's diameter in millimeters.

increases with more effective fragmentation. Further correlation
analyses also showed that during natural chewing (S1 and S3),
the chewing duration correlated positively with weight loss. It
appears that pain-free masticatory muscles allow longer
chewing duration if needed for more efficient comminution of
food during natural chewing.

The between-group differences were more evident in the
standardized chewing tasks with the soft candy, whereas the
within-group differences (specifically the healthy controls)
appeared in the natural tasks with the soft candy. The
participants able

were probably more to adapt their
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mastication more efficiently during the natural tasks rather
than the standardized ones. Standardized tasks are more
controlled with a stricter goal orientation. The patients
seemed to succeed in their attempt to compensate for any
possible pain effect on the masticatory performance during
the natural chewing. However, the impairment of the
masticatory function in these patients was revealed by
standardizing the chewing.

It was an unexpected finding that the two-colored Hue-
Check gum was less mixed by the healthy controls since they
displayed a greater variance of the hue. There were no
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TABLE 5 Comparisons within conditions and between chewing tasks based on the effect of pain and fatigue changes on chewing (S1 — S3 and S2 —

S4).

Variable

Patients

Chewing Task  Chewing Task  P-value

10.3389/fdmed.2022.963425

Controls

Chewing Task  Chewing Task  P-value

S1 S3 S1 S3
Chewing Duration 14.9 (6.9) 14.6 (6.1) 0.9 17.5 (5.4) 15.0 (3.8) 0.3
Candy Weight
After Chewing (% of BL-weight) 79.3 (20.8) 82.9 (28.2) 0.3 77.3 (15.2) 74.3 (20.3) 0.1
Loss 20.7 (20.8) 17.1 (28.2) 0.3 22.7 (15.2) 25.7 (20.3) 0.1
Number of Candy Particles 29.5 (37.0) 26.0 (35.0) 1.0 46.0 (30.3) 37.5 (45.0) 0.8
Area of Candy Particles 12.6 (9.8) 11.1 (14.0) 0.9 9.0 (6.1) 12.6 (12.0) 0.6
Minimum Feret’s Diameter of Candy Particles 3.5 (1.4) 33 (2.1) 0.7 3.1 (1.0) 4 (1.8) 0.7
S2 S4 S2 S4
Chewing Duration 16.6 (2.9) 16.6 (2.9) 0.9 16.3 (4.0) 15.4 (2.6) 0.6
Candy Weight
After Chewing (% of BL-weight) 82.5 (9.2) 83.3 (13.5) 1.0 84.5 (10.6) 80.3 (15.6) 0.9
Loss 17.5 (9.2) 16.8 (13.5) 1.0 15.5 (10.6) 19.7 (15.6) 0.9
Number of Candy Particles 31.5 (26.8) 32.5 (33.8) 0.9 42,5 (33.0) 47.0 (40.3) 1.0
Area of Candy Particles 17.4 (14.4) 16.8 (20.2) 1.0 9.4 (6.9) 10.3 (9.1) 1.0
Minimum Feret’s Diameter of Candy Particles 3.8 (2.2) 1(2.3) 1.0 3.0 (1.2) 3.1 (1.3) 1.0

Experimental variables were compared within conditions and between chewing tasks based on the effect of pain and fatigue changes on the chewing (S1 — S3 and
S2 — S4). Data are expressed as median (IQR; interquartile range). P-values refer to the comparisons within conditions by Wilcoxon signed rank test as well as Kruskal—

Wallis and Tukey post-hoc tests.

Significant difference: P < 0.05. The chewing duration in seconds, weight proportion after chewing, and loss were assessed in percent, area in square millimeters, and

minimum Feret’s diameter in millimeters.

differences in the instructions or chewing duration between the
condition groups that could explain this finding. Possible
explanations could be the significant increased fatigue after the
hard candy tasks, the chewing pattern, or the consumption
habits of chewing gum. Regarding the fatigue increase and the
chewing pattern, the majority of the healthy participants
initially indicated that they preferred the right chewing side,
but the gum was retrieved from the left side for many instead,
implying that they probably chose the less fatigued side since
they were allowed to alternate sides during the gum task. The
duration for recovery from fatigue between the hard candies
and the gum was not as long as (probably not long enough)
the more sufficient time between the hard candies and the soft
candies (S3+S4). The controls had to use the less fatigued
side which was also the less habitual and less preferred side for
longer time during gum chewing. More patients indicated
chronic unilateral chewing pattern compared to the controls,
which is in line with previous findings (5), implying that they
already prefer the less painful masticatory side and had
probably been integrating compensating mechanisms for a
long time. It was also suggested that the two-colored chewing
gum mixing test can be influenced by the chewing-gum
consumption habits (93). However, further analyses of
question thirteen of the oral behavior checklist (OBC-Q13)
showed that there was no difference in the frequency of
chewing gum habits between the groups (Table 1).
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In the current study, pain in patients seems to affect the
chewing strategies, including possible compensating chewing
rate and pattern rather than an effect on maximal bite force.
However, dynamic changes of the bite force during the
masticatory sequences were not assessed in this current study.
Higher occlusal bite force was shown to be associated with
higher chewing efficiency and smaller particle size (39).
Previous studies reported conflicting results, where some did
not show differences in the bite force between TMD patients
and controls (94, 95) while others did (96-99). Patients may
not have a reduced MVBF; they may even develop less muscle
fatigue; however, they usually make a slower recovery than
healthy individuals (100, 101). This may be an indication of
selective activation of motoneurons, depending on the task at
hand (9). The number of functional tooth units (102) and
morphology, including occlusal contact area and tooth wear
(19, 103,
Those factors can nevertheless be ruled out in the current

104) might affect the masticatory performance.

study since the number of occluding contacts was the same in
the two groups. Patients had more tooth wear generally;
however, it was shown that there was no effect of tooth wear
severity on masticatory performance using comminuting test
(105, 106).

There were significant differences between the patients and
the healthy controls in the self-assessed masticatory ability,
mainly regarding pain-related variables. The patients evaluated
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the oral health impact profile regarding the impact of pain
(OHIP-pain and discomfort) and psychological impacts
(OHIP-psychological impacts) with significantly higher scores
than the healthy controls (107). It has been shown that there
is a moderate correlation between OHIP and JFLS (46).
Higher scoring on the jaw functional limitation scale (JFLS)
in patients compared to healthy controls (48) indicates a
higher impact of the myalgia on the function of the jaw
regarding chewing, mobility, and communication. This was in
line with the patients’ evaluation of the quality of their
masticatory function (QMF) since they scored higher when
answering questions referring to difficulties encountered with
different types of food (specifically fruits) and habitual
adaptations that needed to be made (49). Regarding QMF
fruits, patients probably eat apples with the necessity of
cutting them since the pain-free mouth opening capacity in
patients was significantly reduced compared to the controls.
the both
regarding the Tampa scale activity avoidance and somatic

Furthermore, patients showed higher scores
focus, indicating a greater fear of jaw movement due to fear of
pain increase compared to the controls. This was also in line
with the scores exhibited by the patients with TMD in the
original study of TSK-TMD (50).

The patients’ self-evaluation of their masticatory ability was
in line with the results from the objectively assessed masticatory
function, including reduced pain-free mouth opening capacity
and impaired efficiency of food breakdown. Although the
comminution test and the mixing ability test are believed to
correlate positively (108), the finding of a greater variance of
the

experimental set-up and the arranged sequence in which the

hue in controls might emerge only due to the
gum was placed or because the Hue-Check gum was not a
suitable method for comparing individuals with natural

dentitions and normal occlusions (26, 69).

Study limitations

The patient group in this study included four patients
(20%) with non-painful disc displacement with reduction
which can be considered a limitation. However, previous
studies although showing affected masticatory efficiency and
altered recruitment of the jaw muscles in patients with disc
displacement, did neither report if the disc displacements
were painful or not, nor if the studies included only
clickings or if poppings and lockings were accepted (109,
110). It is therefore unclear if the disc displacement itself
was the reason behind the results in those previous studies.
Pain upon clickings and poppings/lockings could affect the
results; therefore, they were excluded from the current study.
Another limitation of this study is that it only used
viscoelastic food. Future studies need to test other types of
food with different mechanical and rheological properties or
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different sizes of the test bolus. There are yet no normative
values for particle size regarding the chosen candy to
compare with (39). However, the masticatory function in the
patients could be considered impaired since the particle size
was significantly larger, even though they tended to show an
adaptive behavior. Adaptive mastication is defined as the
achievement of the same degree of pulverization as normal
mastication using compensatory mechanisms pre-swallowing
(88). Further, assessing comminution of food involves risks
of unintentional swallowing and inadequate collection of the
comminuted particles, eventually leading to measurement
errors. However, that same risk may occur to a similar
extension regardless of whether sieving or optical scanning
and imaging are used. Furthermore, the static bite force was
only assessed at baseline and at the end of the experiment,
omitting information about the dynamic change of the bite
force during masticatory sequences. Masticatory studies
bite EMG,
electrognathographic monitoring are warranted in order to

using  dynamic force  monitoring, and
assess other variables dynamically, such as chewing pattern

and muscle activity.

Conclusions

Patients with chronic myalgia in the masticatory muscles
exhibited an impaired masticatory performance with less
efficiency in comminuting soft viscoelastic food compared to
the healthy group. Higher food
fragmentation was positively correlated with more severe pain.

pain-free control

There was an agreement between the patients’ self-assessed

masticatory ability and the efficiency of their masticatory
function.
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