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Purpose: To investigate the masticatory function of patients with different temporomandibular disorders (TMD) phenotypes, and to explore the risk factors for the masticatory
function of TMD patients among multiple biopsychosocial variables using patient-reported
outcomes (PROs).
Methods: Clinical features and TMD diagnoses of 250 cases were investigated by reviewing
medical records. Psychosocial factors were evaluated using four questionnaires representing
pain severity and pain interference (Brief Pain Inventory), pain catastrophizing (Pain Catastrophizing Scale, PCS), psychological distress (Symptom Check List-90-Revised, SCL-90R)
and kinesiophobia (Tampa Scale for Kinesiophobia for Temporomandibular Disorders, TSKTMD). Masticatory function, as a dependent variable, was determined using the Jaw Functional Limitation Scale (JFLS). Kruskal-Wallis test and Spearman’s rank correlation were
used for analyses.
Results: A total of 145 cases were included and classified into four subgroups including
group 1: TMD with internal derangement without pain (n=14), group 2: TMD with muscle
pain (n=32), group 3: TMD with joint pain (n=60) and group 4: TMD with muscle-joint
combined pain (n=39). Pain severity (p=0.001) and interference (p=0.022) were the highest in group 2, but the mean global score of JFLS was the highest in group 3, followed by
group 4, group 2, and group 1 (p=0.013). Pain severity, pain interference, the mean global
score of PCS and the mean global score of TSK-TMD showed significant and moderate correlation with the mean global score of JFLS. All subdimensions and the global severity index of SCL-90R had significant, but weak correlations with all scores of JFLS.
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Conclusions: The results suggest that masticatory functional limitation depends on the TMD
phenotypes. Among the various PROs, pain perception, pain catastrophizing and kinesiophobia seem to be more influential risk factors on jaw function than psychological distress,
such as depression and anxiety.
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INTRODUCTION

such as laughing, screaming, and kissing is another dimension of masticatory function. Therefore, masticatory func-

Maintaining acceptable masticatory function is one of

tion is an impactful factor to a patient’s general health

the main treatment goals of dentistry. Basal role of mas-

condition and quality of life [4,5]. There are several fac-

ticatory function, such as chewing and swallowing is the

tors influencing masticatory function, including the num-

first step in the digestive process [1-3]. Emotional function

ber of teeth, malocclusion, bite force, salivary function, and
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temporomandibular disorders (TMD) [1,3,6,7]. Among them,

investigate the masticatory function of patients with differ-

TMD is one of the major causes of masticatory functional

ent TMD phenotypes using the JFLS questionnaire, and (2)

limitation [5,7-9]. Furthermore, many studies showed rela-

to explore the risk factors for masticatory function of TMD

tionship between TMD and masticatory function [8-11].

patients among multiple biopsychosocial variables using

The findings of several existing literatures demonstrate

patient-reported outcomes (PROs).

that evaluation of masticatory function is an essential ele-

MATERIALS AND METHODS

ment in the diagnosis and treatment of TMD. In this context, measurement of functional limitation in TMD was
included in Diagnostic Criteria for Temporomandibular

1. Subjects

Disorders (DC/TMD) [12]. Particularly, DC/TMD recommends

Subjects were recruited from the patients who visited

Jaw Functional Limitation Scale (JFLS), a self-reported

the Orofacial Pain Clinic of Dankook University Dental

questionnaire, in the evaluation of masticatory function

Hospital, Cheonan, Korea for a complaint of TMD includ-

[5,12].

ing jaw pain, mouth opening limitation and joint noise

To understand TMD as a major factor of masticatory

from January to February 2019. Inclusion criteria were

functional limitation, the causes of TMD need to be in-

those who were diagnosed as primary TMD; patients who

vestigated. Since an early and influential literature by

fully completed the questionnaires; patients aged 18 or

Costen [13], the idea that malocclusion and related factors

older. Exclusion criteria were as follows: (1) Patients who

are fundamental and key causes of TMD was widely ac-

refused to use their data for research; (2) Patients with a

cepted. During decades, many dental researchers and clini-

history of trauma or recent surgery or fibromyalgia; (3)

cians had tried to explain TMD with a single factor such as

Patients who had oral disorder affecting masticatory func-

joint, muscle, or occlusion, but the supporting evidence was

tion (e.g., oral ulcer, tooth pain); (4) Patients under dental

sparsely found [14]. Recently, it is generally accepted that

treatment; (5) Patients wearing a denture or lack of poste-

TMD is not caused by a single factor but a complex disor-

rior occlusion; (6) Patients with systemic disease classified

der with overlapping comorbidities of physical signs and

as American Society of Anesthesiologists Physical Status

symptoms [15]. With advances in neuroscience and cogni-

classification 3 or more [29]; (7) Patient with impaired sali-

tive science, concept of the biopsychosocial model for di-

vary function affecting masticatory function. This study

agnosis and treatment of TMD has growing clinical and

was approved by Institutional Review Board committee of

scientific support. Also, numerous studies and evidences

Dankook University Dental Hospital (IRB no. DKUDH IRB

show that multifactorial etiology is related to TMD and jaw

2019-01-004).

function [16-20]. Several factors of the multifactorial etiology of TMD include biological factors, endogenous opi-

2. Data Collection

oid function, differences in trauma, anatomical genotypes,

All data, including sex, age, pain duration, number

parafunctions, occlusal changes, and psychosocial factors

of teeth, were collected retrospectively using the medi-

[12,16,20,21]. Besides to systemic and local factors, psycho-

cal records. All patients were asked to complete the ques-

social factors such as pain coping, anxiety, depression, pain

tionnaires in the waiting room before the consultation.

catastrophizing, and kinesiophobia have been recently em-

Informed consent for using their clinical data for the re-

phasized [22-27]. Several psychosocial factors can predis-

search purpose was obtained. TMD examination was con-

pose a person to TMD-pain, precipitate it, or prolong it [28].

ducted according to the Axis I of the Research Diagnostic

Although the viewpoint of the pathophysiology of TMD

Criteria for Temporomandibular Disorders (RDC/TMD) [30]

has changed from occlusion to biopsychosocial model,

by one of five experts (K.M.E; K.H.K; P.J.E; K.K.H; J.K.H).

there is still lack of research on effects of multidimensional

Then, classification into clinically distinct four subgroups

biopsychosocial factors on the masticatory function of TMD

was done for further statistical analysis, i.e., (1) group 1:

patients. Therefore, the aims of the present study were (1) to

TMD with internal derangement without pain (TMD_ID,
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n=14), (2) group 2: TMD with muscle pain (TMD_M, n=32),
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3) Pain Catastrophizing Scale

(3) group 3: TMD with joint pain (TMD_J, n=60) and (4)

The Pain Catastrophizing Scale (PCS) developed by

group 4: TMD with muscle-joint combined pain (TMD_MJ,

Sullivan et al. [36] is one of the most widely used instru-

n=39).

ments for measuring catastrophic thinking related to pain.
It contains 13-items on a 5-point scale with 0 “not at all” to

3. Questionnaires

4 “all the time”. This 13-items includes six items for assess-

PROs representing the pain perception, pain catastroph-

ing helplessness, four items for assessing rumination, and

izing, psychological distress and kinesiophobia were mea-

three items for assessing magnification. The PCS yields a

sured by four questionnaires. Masticatory function, as a de-

total score and three subscale scores [37,38].

pendent variable, was measured with the JFLS. Therefore, a
total of five questionnaires were used in this study.

4) Symptom Check List-90-Revised
The Symptom Checklist-90-Revised (SCL-90R) is a

1) Jaw Functional Limitation Scale

method to evaluate psychological problems and identify

The JFLS is an organ-specific instrument for assessing

symptoms [39]. Participants are required to respond to the

overall functional limitation of the masticatory system com-

90-items using a 5-point rating scale with 0 “not at all” to

prising three constructs including mastication, vertical jaw

4 “extremely”. It evaluates nine symptom dimensions (so-

mobility and emotional and verbal expression. JFLS yields

matization, obsessive-compulsive, interpersonal sensitivity,

a global score from a total of 20 items and exhibits excel-

depression, anxiety, hostility, phobic anxiety, paranoid ide-

lent psychometric properties respect to internal consistency,

ation, and psychoticism) and three global distress indices

reliability and validity [5,31]. All items presented with 0-10

(global severity index [GSI], positive symptom distress in-

numeric scales. In this study, the Korean version of JFLS

dex, and positive symptom total).

(JFLS-K) was used [32]. Internal consistencies of three subscales of JFLS-K were 0.88 (mastication), 0.79 (vertical jaw
mobility) and 0.95 (verbal and emotional expression). Test-

5) Tampa Scale for Kinesiophobia for Temporomandibular
Disorders

retest reliability for mastication, vertical jaw mobility, and

The Tampa Scale for Kinesiophobia for Temporoman

verbal and emotional expression was 0.86, 0.84, and 081,

dibular Disorders (TSK-TMD) is an adaptive version of the

respectively.

TSK-TMD patients. TSK assesses fear of movement which
considered as a strong predictor of disability in patients

2) Brief Pain Inventory

with musculoskeletal disorders, such as low back pain, fi-

The Brief Pain Inventory (BPI) is a short, simple, self-ad-

bromyalgia, and osteoarthritis. Global scale known as the

ministered questionnaire to assess the severity of pain and

fear of movement consists of two subscales, activity avoid-

the impact of pain on daily functions. It has been adopted

ance and somatic focus. TSK-TMD has good reliability (0.83)

worldwide for clinical pain assessment. It contains 11-items

and satisfactory validity (0.23) [27]. In this study, Korean

presented with 0-10 numeric scales. BPI pain severity in-

version of TSK-TMD [40] was used. It includes 12-items us-

cludes four items: worst; least; average; now. BPI pain

ing a 4-point rating scale with 1 “strongly disagree” to 4

interference items include seven items: general activity;

“strongly agree”.

mood; walking ability; normal work (including housework);
relations with other people; sleep; enjoyment of life [33,34].

4. Statistical Analysis

In this study, the Korean version of BPI [35] was used. The

The descriptive data for continuous variables were rep-

item related to walking ability was replaced by one related

resented as mean and standard deviation. The comparison

to chewing ability considering the different pain profiles of

of quantitative data from demographics and self-reported

TMD. Responses were based on a week before the first visit.

questionnaires between TMD subgroups were performed by
Kruskal-Wallis test. For categorical variables, the chi-square
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test was used. Spearman’s rank correlation was used to as-

edentulous ridge on one side (n=2). Therefore, a total of 145

sess the association between JFLS-K and demographics

subjects were included in this study.

(age, sex, and pain duration), four TMD subgroups, TMD
pain (pain severity and pain interference from BPI), psy-

2. Demographic Characteristics, TMD Pain, Pain

chological distress (9 subscales and global score from SCL-

Catastrophizing and Psychological Distress of Four

90R), pain catastrophizing (3 subscales and global score

TMD Subgroups

from PCS) and kinesiophobia (2 subscales and global

Table 1 presents the demographic characteristics (age,

score). Statistical analyses were conducted using IBM SPSS

sex, pain duration, and the number of teeth), pain percep-

Statistics for Windows, Version 21.0 (IBM Co., Armonk, NY,

tion (pain severity and pain interference), pain catastro-

USA) and two-tailed level of statistical significance was set

phizing and psychological distress according to four TMD

at 0.05.

subgroups. The proportion of patients was the highest in
TMD_J (41.4%), followed by TMD_MJ (26.9%), TMD_M

RESULTS
1. Subjects Characteristics

(22.1%), and TMD_ID (9.7%). The mean age of TMD_M was
the highest, followed by TMD_MJ, TMD_J and TMD_ID
(P=0.003). Sex (p=0.797) and the number of teeth (p=0.687)

As shown in a sample flow chart in Fig. 1, a total of 250

didn’t exhibit statistical differences between the four sub-

patients visited the hospital for TMD symptoms during giv-

groups. TMD_MJ showed the longest pain duration and fol-

en period. Among them, 54 patients were excluded since

lowed by TMD_M and TMD_J had the shortest pain dura-

not diagnosed yet. According to the inclusion and exclu-

tion (p=0.047). Among the four groups, the mean scores of

sion criteria, 51 patients were further excluded. They were

pain severity (p=0.001) and pain interference (p=0.022) were

as follows: patients aged under 18 (n=18), patients with

the highest in TMD_M while they were the lowest in TMD_

uncompleted questionnaires (n=22), patients diagnosed as

J. In the comparison of PCS scores among the four TMD

secondary TMD (n=2), patients under orthodontic treatment

subgroups, TMD_M showed the highest mean global score

(n=5), patients wearing denture (n=2), and patients with

of PCS among the all groups, but it did not reach statistical significance. Among the nine subdimensions and GSI of
SCL-90R, all subdimensions except phobic anxiety showed
group difference. The score of all subdimensions except

Attended patients
(n=250)

phobic anxiety was higher in the order of TMD_M, TMD_
Undiagnosed (n=54)

MJ, TMD_J and TMD_ID (all p<0.05), i.e., TMD_M exhibited
the highest score in the somatization, obsessive-compulsive,
interpersonal sensitivity, depression, anxiety, hostility, para-

Inclusion criteria
(n=196)
Under aged 18 (n=18)
Missing data (n=22)
- General (n=3)
- SCL-90R (n=13)
- JFLS (n=6)
Exclusion criteria
(n=156)

noid ideation, psychoticism, and GSI.
3. TSK-TMD and JFLS of Four TMD Subgroups
The mean scores and standard deviations of the TSKTMD and JFLS according to four TMD groups were pre-

Secondary TMD (n=2)
Orthodontic treatment (n=5)
Denture (n=2)
Partial edentulous (n=2)
Sample size
(n=145)

Fig. 1. Study sample flow chart. SCL-90R, Symptom Check List
90-revised; JFLS, Jaw Functional Limitation Scale; TMD, tem
poromandibular disorder.

sented in Table 2. In TSK-TMD, two subdimensions of activity avoidance (p=0.538) and somatic focus (p=0.942) and
global score (p=0.894) did not show statistical difference
between four groups. On the other hand, the mean mastication score among the three subcategories of JFLS was
the highest in TMD_J, followed by TMD_MJ, and TMD_M,
TMD_ID (p=0.001). Mobility (p=0.078) and communication
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Table 1. Demographics, TMD pain, pain catastrophizing and psychological distress according to four different TMD subgroups (n=145)
Characteristics
Demographics
Patients number (%)
Age (y)
Sex, female
Pain duration (mo)
The number of teeth
BPI
Pain severity
Pain interference
PCS
Magnification
Rumination
Helplessness
Global score
SCL-90R
Somatization
Obsessive-compulsive
Interpersonal sensitivity
Depression
Anxiety
Hostility
Phobic anxiety
Paranoid
Psychosis
GSI

p-value

Rank

39 (26.9)
36.5±16.1
26
31.2±64.8
27.6±0.9

13.647
1.016
7.935
1.478

0.003*
0.797
0.047*
0.687

2>4>3>1

3.1±1.9
2.6±2.1

3.2±1.8
2.8±2.4

17.479
9.625

0.001*
0.022*

2>4>3
2>4>3

4.8±3.5
5.6±5.0
6.9±5.9
17.4±13.9

3.9±2.8
3.8±3.9
6.0±4.6
13.8±10.4

4.4±4.9
3.7±3.6
5.4±4.7
13.7±11.8

3.865
3.772
5.489
5.181

0.276
0.287
0.139
0.159

51.6±9.4
46.9±9.2
46.9±9.5
47.2±10.5
48.5±12.1
47.3±8.0
44.7±4.7
46.6±9.9
48.3±11.6
47.3±10.4

44.4±5.4
41.1±7.4
41.7±7.3
40.5±6.1
41.6±5.4
43.0±5.9
43.7±4.3
41.1±5.9
41.3±5.5
40.0±6.2

48.5±12.9
45.2±12.8
44.6±12.5
45.1±12.1
45.0±12.3
45.4±11.2
46.8±13.9
44.2±12.2
45.0±12.2
44.4±13.6

19.205
12.230
10.768
14.498
13.297
9.100
3.532
14.750
12.806
16.664

<0.001*
0.007*
0.013*
0.002*
0.004*
0.028*
0.317
0.002*
0.005*
0.001*

TMD_M (2)

TMD_J (3)

TMD_MJ (4)

14 (9.7)
30.0±13.6
8
43.2±64.1
27.5±1.1

32 (22.1)
45.5±15.9
23
24.8±44.5
27.4±1.1

60 (41.4)
34.3±15.0
39
10.7±22.1
27.3±1.6

1.1±1.3
1.2±1.8

3.4±2.2
3.3±2.8

3.0±3.4
3.0±3.3
3.7±4.5
9.7±10.9
42.1±6.6
38.0±7.6
39.6±7.8
38.2±4.9
40.0±5.6
41.3±3.4
42.0±2.3
39.3±2.6
40.0±3.3
37.2±5.4

2

χ

TMD_ID (1)

4>2>3

2>4>3>1
2>4>3>1
2>4>3>1
2>4>3>1
2>4>3>1
2>4>3>1
2>4>3>1
2>4>3>1
2>4>3>1

TMD, temporomandibular disorder; TMD_ID (1), TMD with internal derangement without pain; TMD_M (2), TMD with muscle pain; TMD_J (3),
TMD with joint pain; TMD_MJ (4), TMD with muscle-joint combined pain; BPI, Brief Pain Inventory; PCS, Pain Catastrophizing Scale; SCL-90R,
Symptom Check List 90-revised; GSI, Global Severity Index from SCL-90R.
Values are presented as number (%), mean±standard deviation, or number only.
p-values were obtained from Kruskal-Wallis test.
*p<0.05.

Table 2. TSK-TMD and Jaw Function Limitation Scale according to four different TMD subgroups
Questionnaires
TSK
Activity avoidance
Somatic focus
Global score
Jaw Function Limitation Scale
Mastication
Mobility
Communication
Global score

2

TMD_ID (1)

TMD_M (2)

TMD_J (3)

TMD_MJ (4)

χ

p-value

14.5±4.5
9.8±2.5
24.3±6.5

14.8±5.2
10.25±3.8
25.0±8.4

15.6±4.4
9.6±2.8
25.3±6.5

16.2±4.4
9.9±3.0
26.2±6.9

2.169
0.394
0.612

0.538
0.942
0.894

0.8±0.9
1.4±1.4
0.2±0.6
0.9±0.7

2.7±2.3
2.6±2.3
1.3±2.2
2.0±1.8

3.1±2.0
2.8±1.8
0.8±1.4
2.2±1.3

2.9±1.8
2.5±1.7
1.1±1.6
2.1±1.5

16.561
6.816
4.271
10.704

0.001*
0.078
0.234
0.013*

Rank

3>4>2>1

3>4>2>1

TSK-TMD, Tampa Scale for Kinesiophobia for Temporomandibular Disorders; TMD, temporomandibular disorder; TMD_ID (1), TMD with
internal derangement without pain; TMD_M (2), TMD with muscle pain; TMD_J (3), TMD with joint pain; TMD_MJ (4), TMD with muscle-joint
combined pain.
Values are presented as mean and standard deviation.
p-values were obtained from the Kruskal-Wallis test.
*p<0.05.

www.journalomp.org

97

Keon-Hyung Kim et al. A Cross-Sectional Cohort Study

(p=0.234) scores did not present the statistical difference be-

the number of teeth (p=0.186) (data are not shown). Table

tween groups. The mean global score of JFLS, like the mean

3 exhibits correlations between JFLS and TMD pain from

mastication score, was the highest in TMD_J, followed by

BPI. Both pain severity (r=0.608, p<0.001) and pain inter-

TMD_MJ, and TMD_M, TMD_ID (p=0.013).

ference (r=0.632, p<0.001) showed significant and moderate correlations with the mean global score of JFLS. In the

4. Correlations between JFLS and TMD Pain, Pain

comparison of three subcategories of JFLS with TMD pain,

Catastrophizing, Psychological Distress and

mastication, mobility, and communication also presented

Kinesiophobia

significant correlations with pain severity (r=0.509, r=483,

There were no significant correlations between JFLS and

r=0.460, respectively; all p<0.001) and pain interference

sex (p=0.226), age (p=0.070), pain duration (p=0.111) and

(r=0.531, r=0.490, r=0.564, respectively; all p<0.001). Table
4 presents the correlations between JFLS and PCS. The
mean global score of PCS showed significant and moder-

Table 3. Correlations between Jaw Function Limitation Scale and
TMD pain
Spearman’
s rank correlation

Brief Pain Inventory
Pain severity

JFLS_ mastication
Coefficient
p-value
JFLS_ mobility
Coefficient
p-value
JFLS_ communication
Coefficient
p-value
JFLS_ global score
Coefficient
p-value

Pain interference

ate correlation with the mean global score of JFLS (r=0.531,
p<0.001). Three components of PCS including magnification, rumination, and helplessness also showed significant correlations with all dimensions of JFLS (all p<0.001).
Nine dimensions and GSI of SCL-90R showed significant

0.509**
<0.001

0.531**
<0.001

0.483**
<0.001

0.490**
<0.001

0.460**
<0.001

0.564**
<0.001

p<0.001), hostility (r=0.197, p=0.017), paranoid ideation

0.608**
<0.001

0.632**
<0.001

(r=0.295, p<0.001). All three components of JFLS including

and mild correlations with the mean global score of JFLS,
i.e., somatization (r=0.295, p<0.001), obsessive-compulsive (r=0.251, p=0.002), interpersonal sensitivity (r=0.180,
p=0.031), depression (r=0.216, p=0.009), anxiety (r=0.297,

JFLS, Jaw Functional Limitation Scale.
p-values were obtained from the Spearman’
s rank correlation.
**p<0.001.

(r=0.301, p<0.001), psychoticism (r=0.336, p<0.001) and GSI
mastication, mobility, and communication also showed significant and mild correlations with all dimensions of SCL90R (except between mobility and hostility) (Table 5). Table

Table 4. Correlations between Jaw Function Limitation Scale and Pain Catastrophizing Scale
Spearman’
s rank correlation
JFLS_ mastication
Coefficient
p-value
JFLS_ mobility
Coefficient
p-value
JFLS_ communication
Coefficient
p-value
JFLS_ global score
Coefficient
p-value

Pain Catastrophizing Scale
Magnification

Rumination

Helplessness

Global score

0.395**
<0.001

0.442**
<0.001

0.491**
<0.001

0.478**
<0.001

0.401**
<0.001

0.378**
<0.001

0.431**
<0.001

0.419**
<0.001

0.413**
<0.001

0.442**
<0.001

0.482**
<0.001

0.472**
<0.001

0.447**
<0.001

0.492**
<0.001

0.553**
<0.001

0.531**
<0.001

JFLS, Jaw Functional Limitation Scale.
p-values were obtained from the Spearman’
s rank correlation.
**p<0.001.
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Table 5. Correlations between Jaw Function Limitation Scale and SCL-90R
Spearman’
s rank
correlation
JFLS_ mastication
Coefficient
p-value
JFLS_ mobility
Coefficient
p-value
JFLS_communication
Coefficient
p-value
JFLS_ global score
Coefficient
p-value

SCL-90R
Som

O-C

I-S

Dep

Anx

Hos

P-A

Par

Psy

GSI

0.252*
0.002

0.234*
0.005

0.236*
0.004

0.220*
0.008

0.316**
<0.001

0.218*
0.008

0.281*
0.001

0.197*
0.001

0.328**
<0.001

0.301**
<0.001

0.180*
0.031

0.220*
0.008

0.166*
0.045

0.183*
0.028

0.207*
0.012

0.137
0.100

0.223*
0.007

0.207*
0.012

0.199*
0.016

0.214*
0.010

0.367**
<0.001

0.282*
0.001

0.206*
0.013

0.206*
0.013

0.380**
<0.001

0.244*
0.003

0.380**
<0.001

0.350**
<0.001

0.295**
<0.001

0.251*
0.002

0.180*
0.031

0.197*
0.017

0.301**
<0.001

0.207*
0.013

0.335**
<0.001

0.295**
<0.001

0.289** 0.346**
<0.001
<0.001
0.216*
0.009

0.297**
<0.001

SCL-90R, Symptom Check List 90-revised; Som, somatization; O-C, obsessive-compulsive; I-S, interpersonal sensitivity; Dep, depression; Anx,
anxiety; Hos, hostility; P-A, phobic anxiety; PAR, paranoid ideation; PSY, psychoticism; GSI, Global Severity Index from SCL-90R; JFLS, Jaw
Functional Limitation Scale.
p-values were obtained from the Spearman’
s rank correlation.
*p<0.05, **p<0.001.

Table 6. Correlations between Jaw Function Limitation Scale and
Tampa Scale for Kinesiophobia
Spearman’
s rank
correlation
JFLS_mastication
Coefficient
p-value
JFLS_mobility
Coefficient
p-value
JFLS_communication
Coefficient
p-value
JFLS_global score
Coefficient
p-value

Tampa Scale for Kinesiophobia

DISCUSSION
The present study evaluated the masticatory function of

Activity
avoidance

Somatic
focus

Global
score

0.373**
<0.001

0.378**
<0.001

0.408**
<0.001

0.507**
<0.001

0.407**
<0.001

0.515**
<0.001

0.301**
<0.001

0.391**
<0.001

0.366**
<0.001

and pain interference from BPI), pain catastrophizing and

0.414**
<0.001

0.433**
<0.001

0.461**
<0.001

with the global score of JFLS. On the other hand, the global

TMD patients with four different phenotypes using the JFLS
questionnaire, and found that mechanical jaw function was
different according to the TMD subtypes. TMD_J showed
the highest masticatory functional limitation, followed by
TMD_MJ, TMD_M and TMD_ID. Among multiple biopsychosocial variables as the potential risk factors for the masticatory function using PROs, pain perception (pain severity

JFLS, Jaw Functional Limitation Scale.
p-values were obtained from the Spearman’
s rank correlation.
**p<0.001.

kinesiophobia showed significant and moderate correlations
score of JFLS exhibited weak correlations with most subdimensions of SCL-90R.
The mean scores of pain severity and interference and
all dimensions except phobic anxiety of SCL-90R were the

6 indicates correlations between JFLS and TSK-TMD. The

highest in TMD_M, followed by TMD_MJ and TMD_J (Table

mean global score of JFLS showed significant and moder-

1). Liu and Steinkeler [41] said that more than 50% of TMD

ate correlation with the global score of TSK-TMD (r=0.461,

are myofascial pain and TMD_M and TMD_MJ in this study

p<0.001). Activity avoidance (r=0.414, p<0.001) and so-

probably contain patients with myofascial pain mostly.

matic focus (r=0.433, p<0.001), two dimensions of the TSK-

Previous studies presented that myofascial TMD patients are

TMD, also presented significant correlations with JFLS,

associated with extensive central sensitization and there-

respectively.

by have high pain intensity and pain perception [42,43].
Therefore, it is not surprising that two muscle pain groups
show the higher mean scores of pain perception. Also, the
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order between groups in the all subdimensions of SCL-90R

provocation, such as chewing or yawning aggravates the

can be acceptable. According to Healy et al. [44], treatment

TMD-pain [10].

for chronic myofascial pain patients could be affected by
psychological characteristics.

Like TMD pain, three subdimensions and the global score
of PCS showed significant and moderate correlations with

Two subdimensions and the global score of TSK-TMD

masticatory functional limitation (Table 4). Pain catastro-

didn’t show statistical difference among the four TMD sub-

phizing, a magnified negative tendency during actual or

groups (Table 2). Gil-Martínez et al. [20] showed that ki-

anticipated unpleasant stimulation, has been recently em-

nesiophobia is a predictor for pain and disability of TMD

phasized as one of the contributors for TMD development

patients and thereby has important clinical significance of

[15,26]. Interestingly, the result of this study suggests that

assessing and treating TMD. In terms of kinesiophobia, pain

pain catastrophizing may have negative effect on mastica-

catastrophizing is advocated to predispose patients toward

tory function as well as pain experience of patients with

the development of kinesiophobia which may lead to ag-

TMD.

gravated disability and an enhancing of the overall pain

Many previous researches revealed that psychologic

experience [45]. In this study, the scores of pain catastroph-

distress, such as somatization, depression and anxiety is

izing did not show statistical significance between groups.

one of the risk factors to painful TMD [15,17,44,47]. This

In this context, it is not surprising that the mean scores of

study found that all subdimensions and the GSI of SCL-

kinesiophobia had no significant difference between groups.

90R have significant, but weak correlations with all scores

In addition, Gil-Martínez et al. [46] showed the same result

of JFLS (except between mobility and hostility) (Table 5).

that no differences of kinesiophobia were found between

Consistent with the results of the present study, Ohrbach et

muscle, joint and combined groups.

al. [31] demonstrated that comparison of global jaw limita-

Unlike pain catastrophizing and kinesiophobia, the glob-

tion scores to depression, somatization and anxiety scores

al score of JFLS, particularly mastication dimension, was

presented poor correlation. These results indicate that pain

the highest in TMD_J, followed by TMD_MJ, TMD_M, and

catastrophizing may have higher impact to masticatory

TMD_ID (Table 2). This finding suggests that masticatory

function than psychological distress.

function depends on the TMD subtypes. Although pain ex-

Kinesiophobia was emphasized in recent studies as a

perience and psychological distress were higher in TMD_M

new rising predictor of pain and disability in TMD patients

than in TMD_J, interestingly, subjective perception of mas-

[27,40,46,48]. Gil-Martínez et al. [46] suggested that kine-

ticatory functional limitation was higher in TMD_J than in

siophobia should be included in the psychosocial evalua-

TMD_M. This result also suggests that masticatory func-

tion and treatment of TMD patients. Since Visscher et al.

tional limitation, especially the mastication subscale, may

[27] adopted the TSK to use for TMD patients, appropriate

be more related to mechanical or structural jaw dysfunc-

versions for different languages and cultures of TSK-TMD

tion resulting from joint pain than dysfunctional muscle

were applied [40,48]. In the current study, the mean scores

pain with increased pain intensity and psychological dis-

of TSK-TMD showed significant and moderate correlation

tress. Further studies are needed to validate of this result in

with all scores of JFLS (Table 6). According to the above re-

a large sample deserves.

sult, this study can highly suggest that kinesiophobia might

In Table 3, both pain severity and pain interference showed
significant and moderate correlations with the global score

be one of the important risk factors for masticatory function in TMD patients.

and all three subscales of JFLS. This finding is consistent

The strengths of this study should be mentioned. It was

with previous studies indicating that TMD, especially TMD-

not easy to compare to the results of this study with other

pain is one of the major causes of masticatory functional

relevant literature because the influence of the multidi-

limitation. Among the three subscales, it is not surprising

mensional biopsychosocial factors on jaw function using

that mastication and mobility are correlated with pain se-

the JFLS questionnaire has not been studied. In this study,

verity and pain interference, since it is well known that

JFLS, an organ-specific valid instrument, was used to assess
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explored the multidimensional risk factors on the mastica-
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tory function using the validated questionnaires representing PROs in TMD patients with four different subtypes.
However, this study lacks of objective and quantitative measurement methods to evaluate masticatory ability.
Several objective measurement methods have been developed and to evaluate masticatory performance. Sieving of
chewed natural or artificial food and following determination of the mean particle size is still thought to be the “gold
standard” for the quantification of masticatory efficiency
[49]. One of the other objective methods to assess the chew-
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ing process is surface electromyography but the results of
the studies still have been controversial [50]. Meanwhile,
Boretti et al. [1] mentioned that masticatory function refers
to a patients’ subjective response about chewing and their
objective capacity to chew. It deserves further research on
the effects of biopsychosocial factors on masticatory function using objective assessment. Another shortcoming of
this study is limited sample size. In order to follow inclusion and exclusion criteria, a large number of patients were
excluded. The reproducibility of this study needs to be validated in a large sample.
In conclusion, this cross-sectional study found that the
global score of JFLS was the highest in patients with TMD
with joint pain, followed by TMD with muscle-joint combined pain, muscle pain and TMD with internal derangement without pain. This suggests that masticatory functional limitation, particularly mastication component, depends
on the TMD phenotypes. Among the various PROs, pain
perception, pain catastrophizing and kinesiophobia seem to
be more influential risk factors on jaw function than psychological distress including depression and anxiety. This
also suggests that treatments focusing on not only reduction of pain severity but also an approach to reduce pain
catastrophizing and kinesiophobia are should be considered
in order to improve masticatory function in patients with
TMD.
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