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Abstract
Temporomandibular disorders (TMD) comprise a group of conditions affecting the
masticatory muscles, the temporomandibular joints and associated structures, often
manifesting as orofacial pain and functional limitations of the mandible. Central
sensitization (CS) is gaining increasing attention in research focused on pain syndromes
and somatization, playing a significant role in the pain experience. This study
investigates the prevalence of CS and somatization among TMD patients, analyzing their
relationships with TMD diagnoses and the intensity of chronic masticatory muscle pain
(MMP). A prospective observational study was conducted with 214 adult participants
diagnosed with TMD, based on the Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD). The Central Sensitization Inventory (CSI) and the Somatic
Symptom Scale-8 (SSS-8) were utilized to assess CS and the burden of somatic
symptoms, respectively. Furthermore, the patients were assessed for MMP, and
the average pain in these muscles was calculated. Statistical analysis investigated
correlations between CSI and SSS-8 scores, specific TMDdiagnoses andMMP intensity.
Most participants did not surpass the subclinical level for CS as assessed by the
CSI. Women reported higher SSS-8 scores than men, suggesting sex differences in
somatic symptom reporting. No significant relationship was found between specific
TMD diagnoses and levels of CS or the SSS-8. However, a significant correlation
was observed between SSS-8 scores and the intensity of chronic MMP, underscoring
the impact of the intensity of chronic MMP on the perception of somatic symptoms
among TMD patients. Additionally, the group with subclinical levels of CS presented
significantly lower SSS-8 scores than other groups. This study highlights a lower-
than-expected prevalence of CS among TMD patients. Higher levels of somatization
were related to higher levels of CS and greater MMP. The findings suggest that TMD
management should not only address specific pain sources but also consider the broader
psychosocial aspects of the disorders, especially in chronic types.
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1. Introduction

Temporomandibular disorders (TMD) are a group of disorders
primarily affecting the masticatory muscles, temporomandibu-
lar joints and related structures [1]. They can manifest as pain
in the orofacial region and/or functional limitations such as
limited mouth opening or a clicking sound during mandible
movement [1, 2]. TMD impacts a considerable portion of the
population, with some studies suggesting that approximately
5–12% of the population is affected [3]. A recent study on a

Polish cohort reported over 55% of adult participants presented
with at least one of the symptoms [4]. It is also considered the
second most common cause of orofacial pain and the second
leading cause of pain and disability in the musculoskeletal
system, right after low-back pain [5, 6]. The occurrence is
twice as common in women as in men [7]. These disorders
frequently evolve into chronic or recurrent symptoms, which
can diminish the quality of life, impacting both physical and
emotional health, as well as overall functional capability [8–
10].
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The origins of TMD are complex, multilayered and often not
easily identified [11, 12]. The biopsychosocial model tends to
be the most comprehensive framework for understanding and
managing these conditions [13]. This model recognizes that
TMD are not solely a physical health issue but is influenced
by a complex interplay of biological, psychological and social
factors [13, 14].
Despite the mentioned model, TMD’s underlying patho-

physiology remains insufficiently understood, which under-
lines the necessity for ongoing research, particularly into the
neurobiological mechanisms contributing to TMD pain and its
persistence [11, 15, 16].
In this context, a growing interest in the central mechanisms

of pain can be observed in the literature [1, 16]. Central sen-
sitization (CS) has gained increasing focus due to its possible
contribution to the persistence and severity of pain [1]. This
phenomenon can be understood as an amplified response of
the central nervous system to sensory stimuli and peripheral
nociception [17]. CS is characterized by hyperexcitability
in the dorsal horn neurons in the spinal cord, which ascend
along the spinothalamic tract [18]. In the context of orofacial
pain, hyperexcitability of second-order neurons in the trigem-
inal nucleus caudalis (TNC) can lead to CS [19]. It can be
indicated by a heightened and sustained response to painful
stimuli (hyperalgesia) and the experience of pain in response
to nonpainful stimuli (allodynia) [18].
The precise mechanisms provoking central sensitization re-

main unclear, indicating the need for further research [1].
Nevertheless, it is hypothesized that CSmay be associatedwith
enhancement in the synaptic response to a given input, either
by increased neurotransmitter release or heightened receptor
sensitivity. This condition is often a result of prolonged pain
exposure [19]. Another possible cause is the reduction or loss
of inhibitory controls, leading to heightened pain sensitivity
[20].
TMD can be considered one of the central sensitization

syndromes (CSS) [21]. Moreover, it is often associated with
other CSS [22]. In TMD patients, CS results in a reduced
pressure pain threshold (PPT) and can lead to the sensation of
pain despite the absence of tissue damage [23]. Additionally,
it emerges as an important aspect of the pathophysiology of
different types of musculoskeletal pain, including muscle-type
TMD [18]. Therefore, CS requires further research to fully
understand its implications in orofacial pain.
Considering CS as a relevant factor in the pathophysiology

of TMD and its influence on pain perception, it becomes
reasonable to assess the broader range of somatic symptoms
experienced by patients. Somatization refers to the experience
and reporting of physical symptoms that cannot be fully ex-
plained by any underlying medical condition but are linked to
psychological factors [24]. Given that individuals with TMD
often experience such ailments, assessing this parameter is
important for a comprehensive evaluation of their condition
[25]. Taking into account that CS is also associated with
increased sensitivity to pain and the experience of pain even in
the absence of a structural cause, it has much in common with
somatization, and they may have a similar underlying cause
[26]. Addressing somatization is essential as it can exacerbate
the patient’s overall symptom burden [24]. Incorporating

analysis of somatization allows for better identification of
patients who may benefit from interventions targeting both the
physical and psychological aspects of TMD. This holistic ap-
proach can lead tomore targeted treatment and better outcomes
[27]. In this regard, the Somatic Symptoms Scale-8 (SSS-8)
is proving to be an appropriate tool [28]. This questionnaire,
by measuring the overall burden of bodily symptoms, will
allow for the analysis of how much CS is affecting patients’
symptoms. Assessing and analyzing this parameter might have
a significant impact on understanding the etiology of TMD, as
its symptoms often overlap with other conditions that are also
impacted by CS [29]. This brief questionnaire could be easily
implemented in clinical practice due to its simplicity and ease
of completion.
The primary aim of this studywas to investigate CS using the

Central Sensitization Inventory (CSI) questionnaire and to as-
sess the relationship between these findings and the outcomes
of SSS-8 and TMD diagnoses. Furthermore, the secondary
aim was to examine the relationship between the intensity of
chronic masticatory muscle pain and the results obtained from
both questionnaires.
The authors hypothesized that individuals with TMD exhibit

high levels of central sensitization as measured by the CSI.
Furthermore, it was anticipated that these high levels of CSI
scores correlate positively with elevated scores of the SSS-8.
Additionally, authors hypothesize that the scores indicated by
both the CSI and SSS-8 questionnaires were associated with
the intensity of masticatory muscle pain.

2. Material and methods

The details regarding study design are presented on Fig. 1.

2.1 Study design
This prospective observational study enrolled 214 adult par-
ticipants seeking treatment at the Outpatient Clinic for Tem-
poromandibular Disorders at the University Dental Center in
Wroclaw, Poland.

2.2 Participants
The study involved 214 adult Caucasian patients with TMD,
comprising 160 women (75%) and 54 men (25%). The mean
age of the participants was 37.92 (±14.14) with an age range
of 18–73. The patients were categorized into the following
age groups: 112 individuals aged 18–35 years, 69 individuals
aged 36–55 years and 32 individuals aged over 56 years.
With a female-to-male ratio of 3:1, women dominated the
sample group. In the women’s group, the mean age was 38.53
(±14.59), while in the men’s group it was 36.09 (±12.66).
This difference was not statistically significant (p = 0.273).

2.3 Inclusion and exclusion criteria
The inclusion criteria for the study group were as follows: (1)
age of 18 years or above, (2) informed consent to participate
in the study, (3) diagnosis of TMD based on the Diagnostic
Criteria for Temporomandibular Disorders (DC/TMD) exami-
nation [5], and (4) presence of chronic primary and secondary
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FIGURE 1. Flowchart of the study design.

masticatory muscle pain (MMP) by the International Classifi-
cation of Orofacial Pain, 1st edition (ICOP) criteria for chronic
myofascial orofacial pain diagnosis such as chronic primary
myofascial orofacial pain or chronic frequent primary my-
ofascial orofacial pain with pain referral [30]. The exclusion
criteria were established as follows: (1) chronic use (over 6
months) of medications affecting neuromuscular function or
the central nervous system (CNS), such as analgesics (parac-
etamol, nonsteroidal anti-inflammatory drugs (NSAIDs), opi-
oids), psychostimulants, antiepileptic drugs, sedatives, myore-
laxants, steroids and immunosuppressants, (2) severe neuro-
logical, psychiatric, cognitive, systemic and/or autoimmune
disorders, (3) alcohol and/or drug addiction, (4) cancer, (5)
pregnancy and lactation, (6) presence of any other severe
pain condition, (7) presence of any primary and secondary
headaches, (8) significant abnormalities in a brain imaging
examination (Computed Tomography or Magnetic Resonance
Imaging).

2.4 Data collection
Patients data were acquired from June 2021 to February 2023.
Initially, patients were requested to fill out a series of CSI,
SSS-8 and Graded Chronic Pain Scale (GCPS) questionnaires,
followed by a comprehensive clinical examination by the
DC/TMD guidelines and the ICOP criteria for chronic
myofascial orofacial pain. These examinations were

performed by a dentists with over than 5 years’ experience in
TMD management.

2.5 Clinical examination
After completing the questionnaires, all participants under-
went a thorough clinical examination. This examination was
conducted by experienced dentists (with at least 5 years of
clinical practice in temporomandibular disorders and orofa-
cial pain management). They were trained and calibrated
according to the protocols provided by the International Net-
work for Orofacial Pain and Related Disorders Methodology
[31]. Their training was supervised by a clinician with 10
years of experience in managing TMD and orofacial pain.
Diagnoses were established using the Diagnostic Criteria for
Temporomandibular Disorders protocol and ICOP guidelines
for chronic myofascial orofacial pain [30, 32]. Each side was
evaluated independently, allowing for multiple diagnoses on
one side. All diagnoses were made according to the taxonomy
of DC/TMD [33]. During the clinical examination, each
patient was requested to provide a rating for the perceived pain
experienced during the palpation of the masseter and temporal
muscles on each side individually. Subsequently, the average
of these ratings was calculated. The numeric rating scale
(NRS), a widely utilized and well-validated tool for measuring
pain intensity, was employed for this purpose. The scale ranges
from 0 to 10, with 0 indicating no pain and 10 representing the
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worst imaginable pain [34].

2.6 Questionnaires
2.6.1 Central sensitization inventory (CSI)
The evaluation of CS was conducted using the CSI, a valid
and reliable tool for screening CS (Cronbach’s alpha = 0.92,
test-retest reliability = 0.082) [35]. For this study, a validated
and culturally adapted version of the CSI questionnaire was
employed [36, 37]. This self-reported instrument consists of
two parts. Part A includes 25 questions about health-related
symptoms typically observed in Central Sensitivity Syndromes
(CSS), such as emotional distress, past traumas, headaches
or jaw pain. Patients score each answer on a scale from 0
(never) to 4 (always). The highest possible score is 100,
with a score of 40 considered the cut-off point [38]. This
questionnaire categorizes patients into the following groups:
subclinical (0–29), mild (30–39), moderate (40–49), severe
(50–59) and extreme (60–100). Part B of the questionnaire
includes questions about CS-related disorders, such as Restless
Leg Syndrome, Chronic Fatigue Syndrome, or Fibromyalgia
[35]. This part is unscored and does not contribute to the
overall scoring of the CSI [35].

2.6.2 Somatic symptom scale-8 (SSS-8)
SSS-8 is a self-reported tool for measuring the burden of
somatic symptoms. It is an abbreviated version of the well-
validated Patient Health Questionnaire-15 (PHQ-15) [39]. The
SSS-8 was designed to evaluate the severity of illness in
patients with somatic symptoms and related disorders (SSRD)
[39]. It has demonstrated good reliability and internal consis-
tency, proving its usefulness for research purposes (Cronbach’s
alpha = 0.72) [40]. The SSS-8 consists of eight questions
regarding somatic symptoms such as sleep disturbances, dizzi-
ness or headache. Each item is scored using a 5-point Likert
scale (0–4), where “0” indicates “not at all” and “4” indicates
“very much”. The results can be classified into five categories:
“no to minimal” symptoms represented by 0–3 points, “low”
symptoms by 4–7 points, “medium” symptoms by 8–11 points,
“high” symptoms by 12–15 points and “very high” symptoms
by a score of 16–32 [39].

2.6.3 Graded chronic pain scale (GCPS)
The GCPS is an integral component of the Axis II screeners of
DC/TMD protocol [5]. This scale encompasses six questions
assessing pain over the preceding 3–6 months, with responses
rated on a 0–10 scale. A cumulative score of 50 out of 100 or
higher indicates the high intensity of pain [41]. An additional
seventh question evaluates the number of days the patient has
been unable to engage in routine activities due to pain. The
overall score is derived from three subscales: characteristic
pain intensity score, disability score and disability points score
[5]. These scores categorize patients into one of five pain
severity grades: Grade 0 indicates no pain, Grade 1 represents
low disability and low intensity, Grade 2 corresponds to low
disability but high intensity, Grade 3 signifies high disability
with moderate limitation, and Grade 4 denotes high disability
with severe limitation [41].

2.7 Statistical analysis
For statistical analysis of quantitative data in independent
groups, the Mann-Whitney U test was used for two groups,
and for more than two groups, the Kruskal-Wallis test with
Dunn’s post-hoc test was applied to data that did not comply
with a normal distribution. To ensure adequate power for
the Kruskal-Wallis test, the calculations were based on an
expected effect size of 0.25, with a power of 0.8 and an alpha
level of 0.05, resulting in a total sample size requirement
of 200 subjects across a maximum of five groups. The
Spearman Correlation coefficient was used to demonstrate
the relationship between the quantitative variables. For this
analysis, the expected Spearman correlation coefficient was
set at 0.15 with a standard deviation of 0.05. The power
analysis indicated that a minimum sample size of 155 was
necessary to achieve a power of 0.8 at the 0.05 alpha level.
For statistical analysis of categorical data, the Chi-square
test was applied. Power calculations for the Chi-square test,
considering a maximum table size of 3 × 5 and an expected
medium effect size of 0.3, suggested a total sample size of
167 to achieve the desired power of 0.8 and an alpha of 0.05.
A post-hoc test (the chisq.post.hoc function from the fifer
1.0 package in R) was used when necessary. A statistically
significant difference was accepted at p < 0.05. The analyses
were carried out using TIBCO Software Inc. (2017) Statistica
(data analysis software system, version 13, Palo Alto, CA,
USA) and the R environment.
For statistical analysis depending on the type of diagnosis,

patients were divided into the following categories: (1) tem-
poromandibular joint disorders (n = 27, women = 18, men
= 9), (2) masticatory muscle disorders (n = 74, women =
56, men = 18), and (3) comorbid masticatory muscle and
temporomandibular joint disorders (n = 107, women = 82, men
= 25).

3. Results

3.1 Temporomandibular disorders
distribution
The following diagnoses of temporomandibular joint disorders
were identified in the study group: disc displacement with
reduction, disc displacement without reduction, arthralgia, de-
generative joint disease and subluxation. Regarding masti-
catory muscle disorder diagnoses, myalgia, myofascial pain
and myofascial pain with referral were established. Among
the mentioned diagnoses, myalgia was the most common,
affecting 161 individuals (75%). The second most frequent
diagnosis within the study group was disc displacement with
reduction, occurring in 78 participants (36%), and the third
most common diagnosis was arthralgia, observed in 41 individ-
uals (19%). The fourthmost prevalent disorder wasmyofascial
pain with referral, identified in 19 participants (9%).
To analyze the correlation between gender and the type of

TMD diagnosis, a chi-square test was conducted, but it showed
no statistically significant difference (χ2 (2) = 1.1707, p =
0.557). To assess the difference in age between diagnosis-
type groups, a Kruskal-Wallis test was conducted, which also
showed no statistically significant difference (p = 0.8324). In
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TABLE 1. Sex-based distribution of pain severity in masticatory muscles.
Left masseter muscle Right masseter muscle Left temporal muscle Right temporal muscle
Female Male Female Male Female Male Female Male

Mean 4.944 3.389 5.356 3.778 3.656 2.500 3.781 2.741
95% CI Mean Upper 5.428 4.132 5.831 4.498 4.167 3.211 4.284 3.472
95% CI Mean Lower 4.460 2.646 4.881 3.057 3.145 1.789 3.279 2.010
Std. Deviation 3.098 2.722 3.043 2.640 3.274 2.604 3.219 2.679
CI: Confidence Interval.

the assessment of the relationship between gender and pain
intensity, the Kruskal-Wallis test was utilized again. The
analysis demonstrated that women presented statistically sig-
nificantly higher scores in all measured parameters: the left
masseter muscle (p = 0.001), right masseter muscle (p <

0.001), left temporal muscle (p = 0.019) and right temporal
muscle (p = 0.034) (Table 1).

3.2 Temporomandibular disorders, central
sensitization inventory (CSI) and graded
chronic pain scale (GCPS)

In the CSI questionnaire, 139 participants (65%) obtained
a score that classified them into the “subclinical” category.
Thirty-five subjects (16%) were categorized into the “mild”
group, 21 (10%) achieved the “moderate” category, “severe”
was obtained by 15 participants (7%) and 4 participants (2%)
were assigned to the “extreme” group (Table 2).

TABLE 2. Group divisions by sex in the central
sensitization inventory.

Women Men Total
Subclinical 93 46 139

% of gender group 58.13% 85.19%
% of study group 43.46% 21.5% 64.95%

Mild 29 6 35
% of gender group 18.13% 11.11%
% of study group 13.55% 2.8% 16.36%

Moderate 21 0 21
% of gender group 13.13% 0
% of study group 9.81% 0 9.81%

Severe 13 2 15
% of gender group 8.13% 3.7%
% of study group 6.07% 0.93% 7.01%

Extreme 4 0 4
% of gender group 2.50% 0
% of study group 1.87% 0 1.87%

Regarding the relationship between age and the results of the
CSI, the Kruskal-Wallis analysis did not reveal any statistically
significant differences between the groups (H (4, 214) = 7.861,
p = 0.096). However, significant differences between women
and men were observed (p < 0.005), with a higher percentage

of men achieving the “subclinical” category. Detailed informa-
tion about gender distribution can be found in Tables 2 and 3.

TABLE 3. Descriptive statistics of central sensitization
inventory.

Descriptive statistics CSI
Female Male

Number 160 54
Mean 0.787 0.222
SD 1.107 0.634
Minimum 0.000 0.000
Maximum 4.000 3.000
SD: Standard Deviation; CSI: Central Sensitization Inventory.

To investigate the relationship between the type of TMD
diagnosis and the level of the CSI, a chi-square test was
performed, followed by post-hoc analyses. These analyses
did not reveal any statistically significant associations (p =
0.5617). To further clarify the data, the relationship was
also examined by comparing the “subclinical” group with the
remaining groups combined. Again chi-squared analysis was
performed. No statistically significant differences were found
between the groups both for muscle type diagnosis (p = 0.07)
and joint type diagnosis (p = 0.776).
When it comes to pain intensity of themasseter and temporal

muscles, several associations with the CSI were observed. The
“subclinical” group significantly differed from the “moderate”
group in the pain intensity of the right masseter muscle (p =
0.012). Regarding the temporal muscles, the “extreme” group
differed significantly from the “subclinical” group for both the
left (p = 0.013) and right (p = 0.027) temporal muscles. In
all mentioned cases, the “subclinical” group exhibited lower
pain intensity. No statistically significant differences were
observed for the remaining groups (p > 0.05). Furthermore,
masticatory muscle pain was analyzed by comparing the “sub-
clinical” group with all other CSI groups combined. This
analysis showed significantly lower scores in the “subclinical”
group for the left masseter muscle (p = 0.003), right masseter
muscle (p < 0.001), left temporal muscle (p = 0.014) and
right temporal muscle (p< 0.001). Detailed information about
group descriptives can be found in the Table 4.
Additionally, an analysis was conducted to examine the

relationship between GCPS and CSI scores. The results were
again analyzed by comparing the “subclinical” group with the
remaining groups combined, using the Mann-Whitney U test.
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TABLE 4. Group descriptives for masticatory muscle pain analysis between subclinical group and remaining groups
combined.

Group N Mean SD SE Coefficient of variation
Left Masseter muscle

Subclinical 139 4.094 3.017 0.256 0.737
Remaining groups combined 75 5.400 3.027 0.350 0.561

Right Masseter muscle
Subclinical 139 4.374 3.003 0.255 0.687
Remaining groups combined 75 6.040 2.758 0.318 0.457

Left temporal muscle
Subclinical 139 2.914 2.858 0.242 0.981
Remaining groups combined 75 4.200 3.507 0.405 0.835

Right temporal muscle
Subclinical 139 2.971 2.899 0.246 0.976
Remaining groups combined 75 4.533 3.273 0.378 0.722

N: number of participants; SD: Standard Deviation; SE: Standard Error.

The analysis revealed statistically significantly lower GCPS
scores in the “subclinical” group (p = 0.001). Next, a sex-based
analysis was performed. In the group of men, the difference
between the “subclinical” group and the remaining groups
combined was not statistically significant, although it nearly
reached the level of significance (p = 0.052). In the women’s
group, the difference between the subclinical group and the
remaining groups combined was statistically significant (p <

0.001), with considerably lower GCPS scores observed in the
subclinical group.

3.3 Temporomandibular disorders, somatic
symptom scale-8 (SSS-8) and graded chronic
pain scale (GCPS)
In the context of the SSS-8, the distribution of participants
across the various groups was as follows: 53 individuals (25%)
were assigned to the “no to minimal” symptom category, 51
participants (24%) to the “low symptoms” group, 47 individ-
uals (22%) to the “medium” symptom level, 33 participants
(15%) to the “high” symptom category, and 30 individuals
(14%) to the “very high” symptoms group.
For analysis of the relationship between SSS-8 scores and

age, Spearman’s rank correlation was employed. The result
was statistically significant with a correlation coefficient =
0.173, indicating only a slight linear relationship between the
variables. This outcome suggests that there is aminor tendency
for SSS-8 scores to increase with age.
In terms of the relationship between SSS-8 scores and gen-

der, the Mann-Whitney U test was used. It revealed a sig-
nificant difference between groups, with women exhibiting
significantly higher scores (p = 0.018) (Fig. 2).
To analyze the relationship between the type of TMD di-

agnosis and the SSS-8 severity level, the Kruskal-Wallis test
was conducted. The result was not statistically significant (p =
0.553), indicating no significant differences in median SSS-8
scores across different TMD diagnosis groups.
The pain levels and their correlation with SSS-8 scores

were examined using Spearman’s rank-order correlation test.
Significant results were obtained for three of the four tested
masticatory muscles. The values of Spearman’s rank order are
as follows: left masseter muscle (rs = 0.18, p = 0.008), right
masseter muscle (rs = 0.12, p = 0.059), left temporal muscle
(rs = 0.18, p = 0.005) and right temporal muscle (rs = 0.17, p =
0.01). These results demonstrate a weak positive relationship
betweenmasticatorymuscle pain and SSS-8 scores, suggesting
that as masticatory muscle pain increases, there is a slight but
statistically significant tendency for SSS-8 scores to increase
as well (Fig. 3).
The Spearman’s rank correlation analysis revealed a statisti-

cally significant correlation between GCPS and SSS-8 scores
(Spearman’s Rho = 0.308, p< 0.001), indicating weak positive
correlation between these variables. This suggests that as
GCPS scores increase, SSS-8 scores also tend to increase,
although the relationship is not very strong.

3.4 Cental sensitization inventory (CSI) and
somatic symptom scale-8 (SSS-8)
For analyzing the relationship between CSI and SSS-8,
Kruskal-Wallis ANOVA was employed. The analysis
revealed significant differences between the “subclinical”
group and each of the other groups individually (p < 0.001),
with the “subclinical” group presenting significantly lower
SSS-8 scores. The visual representation of the data is
presented in Fig. 4. Although the box plots are sequentially
arranged with higher values, it cannot be concluded that
a higher CSI level corresponds to a greater SSS-8 score.
Additionally, significant differences in the sizes of the groups
make the results of this test not entirely reliable.
To ensure the transparency of our results, an additional

analysis was performed by comparing subclinical group and re-
maining groups combined. The Mann-Whitney U test demon-
strated significant differences (p = 0.001), with “subclinical
group” presenting significantly lower scores of SSS-8 ques-
tionnaire.
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FIGURE 2. Somatic symptom scale-8 (SSS-8) results divided by gender.

F IGURE 3. Correlations of results ofMMP and SSS-8. MMP:MasticatoryMuscle Pain; SSS-8: Somatic Symptom Scale-8;
NRS: Numeric Rating Scale.
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FIGURE 4. Distribution of SSS-8 results in CSI groups. SSS-8: Somatic Symptom Scale-8; CSI: Central Sensitization
Inventory.

4. Discussion

The findings of this study provided insightful information
about CS and somatization and contributed to a better under-
standing of these concepts, thereby expanding our knowledge
of them. The results allow us to assess the relationship between
CS, somatic symptom burden and masticatory muscle pain.
The majority of participants were female, which aligns with

other studies in this area [9, 10, 42]. This ratio may be
attributed to hormonal changes, biological variations or greater
pain sensitivity [9]. As in other research papers, myalgia was
the most common diagnosis in our study as well [9, 12, 16].
This study employed an extensive list of exclusion criteria

aimed at eliminating factors that could interfere with the de-
piction of central sensitization. Long-term use of medications
affecting the neuromuscular system or central nervous system
(CNS), such as muscle relaxants or opioids, can alter pain
perception [43, 44]. Additionally, this may be associated with
cognitive impairments [45]. Severe systemic, neurological or
autoimmune diseases necessitate medications that can disrupt
nervous system function [46]. Furthermore, alcohol or drug
addiction can lead to neurotoxicity, contributing to neuroin-
flammation and CNS damage, significantly influencing the
study’s results [47]. Participants with other severe pain con-
ditions were excluded to focus specifically on central sensi-
tization in patients with temporomandibular disorders, rather
than central sensitization in general. Similarly, primary and
secondary headaches were excluded, as they require separate
investigation.
During this study, the DC/TMD was utilized. It is recog-

nized as the gold standard for diagnosing temporomandibular
disorders. It was used to provide a comprehensive framework
for TMD identification and classification [48]. This allowed
for precise classification of various TMD types, enhanced
diagnostic reliability and validity and enabled comparisons
with other studies. Additionally, it helped identify specific

subgroups within the TMD population and understand the
relationship between TMD and related conditions, such as cen-
tral sensitization, using a standardized diagnostic framework.
Interestingly, a majority of TMD patients did not surpass the
threshold of the subclinical level for CS in the CSI. This may
suggest that CS, as measured by the CSI, is not as prevalent in
TMD patients as previously presumed [49]. On the other hand,
La Touche et al. [49], in their systematic review and meta-
analysis, found a significant amount of CSSs among patients
with TMD. Cayrol et al. [15] suggested that features of CS,
such as mechanical hyperalgesia, are more common in patients
with chronic TMD. The discrepancy between these results and
our study may arise from several reasons. In the present study,
the precise duration of the TMDwas not specified. Taking into
account that CS is generally more pronounced in populations
with chronic ailments such as fibromyalgia, chronic migraine
or chronic fatigue syndrome, the duration of the disorder may
be an important factor [22, 50]. Additionally, in a study
conducted by Lorduy et al. [22], a high prevalence of CS was
found in the group of participants with comorbidities, while
in the present study, comorbidities were not analyzed because
we excluded subjects with severe comorbidities. The observed
variation between these findings may also be attributed to
different sample selection and demographic characteristics of
the study populations. Besides, the criteria used to define and
measure CS could play an important role, since not all articles
use the CSI. This can affect the differences in the results of the
present study and other studies. Other methods of analyzing
CS include somatosensory assessment, quantitative sensory
testing (QSTs), and conditioned pain modulation tests (CPM)
[49, 51].
Furthermore, statistical analysis revealed the absence of a

direct correlation between specific TMD diagnoses and the
level of CS. This is contrary to the findings of La Touche et al.
[49], who identified a correlation between CS and myogenous
TMD. Additionally, the intensity of MMP did not increase
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with the rise in the severity of CS. These observations are in
contrast with expected results based on existing literature and
compel a reconsideration of the mechanisms involved in this
phenomenon [18, 52]. However, statistical analysis revealed
that if we divide the study participants into two categories—
those with CS symptoms and those with subclinical level of
CS, the subclinical group demonstrates significantly lower
masticatory muscle pain. Moreover, the subclinical group
presented significantly lower GCPS scores. Marina Jardim
et al. [53] in their study observed a direct proportional rela-
tionship between CS and chronic TMD pain, but it was not
associated with pain variables such as pain intensity or the
number of painful sites. Baroni et al. [23] reported that patients
with chronic orofacial pain presented a significant reduction in
pressure pain threshold compared to healthy subjects. Ferrillo
et al. [1] observed that myogenous TMD could manifest as
chronic primary pain associatedwith dysfunction in the CNS as
a consequence of CS. The authors of the latter paper conclude
that this mechanismmay cause increased sensitivity in patients
with TMD.
For a better understanding of the pain mechanisms in TMD

patients, the work of Adams and Turk regarding the biopsy-
chosocial model provides a more comprehensive view. As
mentioned earlier, this model suggests that pain arises from
a combination of biological, psychological and social factors,
rather than CS alone [17]. This perspective finds support in
other research papers focused on pain mechanisms [9, 54, 55].
Additionally, it is important to note that emotional distress can
also be connected with CS [23, 54]. Besides that, Reid et al.
[56] have found that higher pain sensitivity, lower masseter
PPT, and increased CS are related to a lower percentage of
rapid eye movement (REM) sleep in participants with TMD.
This broad spectrum of factors underscores why a direct corre-
lation between specific TMD diagnoses and CS severity may
not be apparent. The clinical implications of this information
are that patients with CS require a very thorough evaluation of
many aspects of their daily lives.
The second tool used in our study was the SSS-8. This

questionnaire has been proven useful in assessing the clinical
severity of somatization [57]. We evaluated the relationship
between the results of this questionnaire, TMD, CS and MMP
intensity. Interestingly, this analysis revealed that women
reported higher SSS-8 scores, highlighting the sex difference
in somatic symptom reporting. These findings align with
a wider range of pain-related analyses, which showed that
women are more prone to report even mild pain during clinical
examinations, whereas men typically only report pain when it
is severe [55]. Despite these sex differences, our analysis did
not find a direct relationship between SSS-8 scores and specific
TMD diagnoses. Once again, we observe the complexity of
the causes of TMD, which extend beyond a single type of
disease diagnosis, highlighting the multifaceted nature of this
condition.
Interestingly, a significant correlationwas observed between

the results of this SSS-8 and masticatory muscle pain, empha-
sizing the influence ofmuscle pain on the perception of somatic
symptoms among TMD patients. This relationship indicates
that masticatory muscle pain might play an important role in
the somatic symptom burden experienced by TMD patients.

The literature supports this thesis and suggests that pain in the
masticatory muscles may increase the overall symptom burden
and is also associated with anxiety and depression [9].
Our findings indicate that individuals with TMD and CS

experience higher somatization, as assessed with SSS-8, than
those with a subclinical level of CS. Considering the fact that
CS is associated with an increased sensitivity of the CNS, this
situation may not only lead to an enhanced perception of pain
but also seems to provoke a situation in which somatic symp-
toms are more easily generated and perceived [58]. Similarly,
the study by Hashimoto et al. [28] highlights how useful the
SSS-8 questionnaire is for identifying severe cases of somatic
symptoms in patients with CSS. These findings, combined
with the correlation of greater intensity of masticatory muscle
pain in individuals with higher SSS-8 scores, suggest that
somatic symptom severity could serve as a valuable marker
for CS. Considering the limited number of studies analyzing
somatization based on SSS-8, this area should be further in-
vestigated. Addressing CS and somatization simultaneously
can lead to more precise and effective treatment strategies.
The limitations of this study include the exclusive use of

the CSI for assessing CS and the SSS-8 for somatization
assessment and lack of information about previous head and/or
neck trauma. The lack of precise analysis of the duration of
TMD symptoms andMMP can also be considered a limitation.
Additionally, information on non-medication substances that
could affect nervous system activity, such as herbal prepara-
tions, dietary supplements or energy drinks, was not collected.
However, the strength of this study lies in the analysis of a large
group of TMD patients without severe comorbidities.
The outcomes of this study supplement the existing

body of literature concerning the interactions between
temporomandibular disorders, somatic symptoms and CS.
Our findings underscore the necessity for further exploration
of these phenomena. A key insight from this study is the
importance of examining not only specific complaints reported
by patients, such as pain in the masticatory muscles, but also
the entire range of factors that may influence the occurrence
of symptoms, based on the biopsychosocial model.

5. Conclusions

This study examined the prevalence of CS and somatization
among patients with TMD, revealing that severe CS is less
prevalent in this population than previously thought, based
on data collected from study participants. Notably, women
reported higher somatic symptom burdens than men, empha-
sizing sex differences in pain experience. Participants with
subclinical level of central sensitization demonstrated signifi-
cantly lower masticatorymuscle pain severity in comparison to
all other groups combined. A significant correlation was found
between the SSS-8 questionnaire and chronic MMP. Further-
more, the subclinical category of the CSI showed significantly
lower SSS-8 results than remaining groups combined.

ABBREVIATIONS

TMD, Temporomandibular Disorders; CSI, Central Sensitiza-
tion Inventory; DC/TMD, Diagnostic Criteria for Temporo-
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mandibular Disorders; TNC, Trigeminal Nucleus Caudalis;
MMP, Masticatory Muscle Pain; CS, Central Sensitization;
PPT, Pressure Pain Threshold; ICOP, International Classifica-
tion of Orofacial Pain; CNS, Central Nervous System; CSS,
Central Sensitivity Syndromes; SSS-8, Somatization Symp-
tom Scale-8; QST, Quantitative Sensory Testing; CPM, Con-
ditioned Pain Modulation.
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