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Investigation of the Relationship between Temporomandibular
Disorder and Postural Analysis

Temporomandibular Bozukluk ve Postiiral Analiz Arasindaki iliskinin Incelenmesi
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Abstract

INTRODUCTION: Muscular and ligamentous structures connect the temporomandibular joint (TMJ) to the
cervical region to form a functional unit. Changes in one of the two regions, either TMJ or cervical spine, may
affect the other region due to changes in the muscle segment. Our aim is to evaluate and compare whether
individuals with temporomandibular disorders differ from healthy individuals in the global postural alignment
by objective evaluation method.

METHODS: Group | (N=30) consist of mixed type temporomandibular disorder (TMD), Group 2 (N=30)
consist of healthy temporomandibular joint, totally 60 individuals between the ages of 18-35 were included
in this study. Posture Screen Mobile® (PSM) and New York Posture Scale (NYPS) were used for assessment
of posture and Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) for diagnosis of
TMD and healthy joints.

RESULTS: Knee translations from sagittal plane, were higher in Group 1 (p<0.05). No appreciable postural
differences were found in other regions (p>0.05). NYPS total scores were significantly lower in Group 1
(p<0.05).

DISCUSSION AND CONCLUSION: It may be beneficial to consider that some postural disorders can be
caused by TMD or that TMD can lead to this posture. Being careful about postural alignment in these patients
may be important in terms of multidisciplinary approach to TMD patients for proper treatment program and
prevention of possible disorders.
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GIRIiS ve AMAC: Kas ve ligamentoz yapilar temporomandibular eklemi (TME) servikal bolgeye baglayarak
fonksiyonel bir birim olusturur. Tki bdlgeden birinde, TME veya servikal omurgada meydana gelen degisiklikler,
kas segmentindeki degisiklikler nedeniyle diger bolgeyi etkileyebilir. Amacimiz, temporomandibular
bozuklugu olan bireylerin global postural dizilimde saglikli bireylerden bir farklilik gosterip gostermedigini
objektif degerlendirme methodu ile degerlendirip karsilastirmaktir.

YONTEM ve GERECLER: Grup 1 (N = 30) mixed tip temporomandibular bozukluktan (TMD), Grup 2 (N
=30) saglikli temporomandibular eklemden olugsmakta olup, 18-35 yaslari arasinda toplam 60 kisi ¢alismaya
alind1. Postiirii degerlendirmek i¢in PostureScreen Mobile® (PSM) ve New York Postiir Skalasi (NYPS),
saglikli eklem ve temporomandibular disfonksiyon tanisi igin ise Temporomandibular BozukluklardaArastirma
Teshis Kriterleri (RDC / TMD) kullanildi.

BULGULAR: Sagital diizlemde diz translasyonu Grup 1°de daha yiiksekti (p <0,05). Diger bolgelerde anlamli
postiiral farkliliklar bulunmadi (p>0,05). NYPS toplam skorlart Grup 1’de anlaml olarak diisiiktii (p <0,05).
TARTISMA ve SONUC: Bu postural bozukluklarm TMD’den kaynaklanabilecegini veya TMD’nin bu durusa
yol agabilecegini diisiinmek yararh olabilir. Bu hastalarda postiiral dizilim konusunda dikkatli olmak, uygun tedavi
programi ve olast bozukluklarmn 6nlenmesi i¢in TMD hastalarina multidisipliner yaklasim agisindan 6nemli olabilir.

Anahtar Kelimeler: postiir, fizyoterapi, TMD
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INTRODUCTION

Temporomandibular disorder (TMD) is a subgroup
of orofacial disorders including temporomandibular joint
(TMJ) pain, craniocervical muscle fatigue, especially seen in
masticatory muscles, limitation of mandibular motion, presence
of clicking and deviation during jaw movements. The etiology of
TMD has multifactorial causes such as anxiety, stress, bruxism,
changes in the occlusion and postural changes, dysfunctions
of the masticatory musculature and adjacent structures and/or
a combination of such factors (1, 2). Patients with TMD have
shown common pain in the areas of facial, neck and shoulder,
back and on temporomandibular joints. However, sounds and
stiffness of TMJ is also seen (3, 4).

The muscular and ligamentous structures connect the
temporomandibular joint to the cervical region to form a
functional unit (5) where cervical vertebrae and atlanto-
occipital joint movements simultaneously with jaw movement
activation (6). Changes in one of the two regions, either TMJ
or cervical spine, may affect the other region due to changes
in the muscle segment, may cause elongation or shortening in
adjacent muscles that cause tensions in the muscle chain (7).
Cervical spine’s degenerative changes were found related with
active craniocervical trigger points caused by altered head
postures in TMD (8). Number of studies show that individuals
with TMD have changes in head and cranio-cervical posture (9—
11). However, other studies find no postural link (12—14). Some
of the studies have used only craniocervical (1, 11, 13, 15) and
some have used global postural evaluation (16—19) methods. The
outcomes of the studies using global posture evaluation showed
different results as like; no differences (18) and differences in
pelvis (16), shoulder (19), head and thoracic curve (17). TMDs
and postural changes are still controversial and unclear (20).

Our aim was to examine whether individuals with
temporomandibular disorder have a difference on the global
posture by comparing it with the healthy control group with
objective assessment method of posture.

METHODS
Study design

The study was designed as a prospective observational, single
blinded randomized clinical trial. Present study was conducted
in Istanbul between December 2018 and March 2019. The
trial received institutional review board approval at University
Hospital in accordance with the Declaration of Helsinki and all
patients were provided informed consent (Decision no. 119).
Outpatient diagnosis was made by a specialist dentist with or
without temporomandibular dysfunction and was referred to a
physiotherapist for evaluation. The physiotherapist was blinded
in terms of participants with and without TMD diagnosis.

Exclusion criteria were: history of trauma, anatomic
deformities, skeletal system fractures, diagnosed with
rheumatologic or orthopedic diseases, accompanying jaw
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diagnoses, previous TMD treatment over 6 months before this
assessment, pregnancy, have a history of any kind of operation
and painful knee, back, neck conditions that may alter the
postural assessment. The patient’s disorders were clinically
diagnosed by physical examination and 31 questions with
Research Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) axis-I and had ongoing complaints for 6 months
by the dentist.

A power analysis program (G*Power, ver. 3.1., Universitat
Dusseldorf, Dusseldorf, Germany) was used to calculate the
sample size (21, 22). The effect was calculated according to the
mean and standard deviation of the result of a previous study
similar to our study (23). Based on 5% type 1 error, 95% power
and 0.903 effect size to detect was at least the required sample
size for each group was 28. Due to the possibility of patient loss,
the groups were adjusted to include 30 patients in each group. In
the study, 246 subjects were evaluated for temporomandibular
joint and randomly who had mix temporomandibular disorder
and completely healthy TMJ was included. Based on the
principle of volunteerism, group 1 (N=30) consist of mixed
temporomandibular disorder, group 2 (N=30) consist of healthy
TMIJs as the control group, totally 60 individuals between the
ages of 18-35 were included in this study.

Each 60 subject completed the informed consent form
and questionnaires on the first day prior to participation in
the study. Subsequently, postural analysis was carried out.
Participant Diagnosis Form and Research Diagnostic Criteria
for Temporomandibular Disorders form was filled in for all
participants.

Outcome measures
Postural analysis

Posture Screen Mobile® (PSM) (PostureCo Inc., Trinity,
FL, USA) mobile application and the New York Posture
Scale (NYPS) were both used for postural evaluation. The
posturescreen mobile application has demonstrated strong rater
reliability and preliminary evidence of construct validity (24).
Reliability of the NYPS has been reported for intra- (0.86) and
inter-rater (0.92) reliability of forward head posture (25). An
acceptable method error coefficient of 1.9% was reported for the
test-retest reliability for the posture scale. (26).

Posture Screen Mobile

Measurements were made by licensed physiotherapist using
the PSM application downloaded on mobile phone (iPhone;
Apple Inc., USA) to 60 individuals. Prior to each evaluation,
room was arranged in a standard manner to ensure uniform
conditions throughout the test. Two lines perpendicular to each
other was taken over the place to determine where individuals
should stand during postural assessment. The phone was placed
on a stand with 1.5 meters high from the ground and 3 meters
from the object standing lines to standardize the viewing angle.
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In order to reduce external factors affecting postural alignment,
subjects were asked to stay in minimal clothing and stand
barefoot in a comfortable position and avoid strenuous physical
activity before assessment. Anatomical reference points for
postural analysis were palpated by physiotherapist and marked
on the skin with self-adhesive tape by a blinded examiner as
to which group the subject belonged to. Then four-sided photos
were taken from anterior, posterior and lateral views. Photograph
using anterior view, PSM asked the examiner to mark the right
pupil of the eye by zoom and the system directs the left pupil
to mark in the same zoom and horizontal line occurs. This line
calculates right and left head tilt. Then the application asks to
mark the upper lip, episternal notch and acromioclavicular (AC)
joints that occur in another line. Examiner asked to mark right
and left T8 level borders of ribcage, right and left spina iliaca
anterior superior (SIAS) on both sides and lastly center of both
ankles. Photographs using lateral views, ask to mark tragus,
AC joint, greater trochanter, center of knee joint and lateral
malleolus. Photographs using posterior views ask to mark bottom
earlobe, spinous process of C7, right and left acromions, spinous
process of T4, T8 level ribcage, T8, T12, L3 vertebrae’s spinous
processes and both spina iliaca posterior superior (SIPS).

Postural deviation includes measurements, in centimeters, of
the horizontal displacement of the head, shoulders, and a lower
segment of the hips relative to the body part. For example, head
shift is based on the episternal notch; shoulder shift, based on
the center of the rib cage line; and hip shift was measured with
reference to the center of the line between the two ankles. Frontal
plane measurements also included the inclination of the head,
shoulders, and hips in degrees relative to the main horizontal.
Postural deviations of the same regions were also measured
in the sagittal plane. Therefore, sagittal deviations refer to the
AC joint as head shift; based on SIAS shoulder shift, hip shift
relative to knee, and knee shift relative to the lateral malleolus
of the ankle were measured. PSM program software calculated
40 different numerical data postural aspects by using special
algorithms such as angulation and translation on photographs
(Fig 1).

New York Posture Scale

New York Posture Scale applies a quantitative approach to
evaluate the misalignment of various body parts in anatomic
location. For each of the 13 body parts contributing to the overall
postural adjustment, it contains sets of three diagrams and short
verbal descriptions (27). In the original version of NYPS, for
each body segment are given respectively no deviation, slight
deviation and sharp deviation and after all total score calculated.
Total score is between 18-90 points. Higher the points indicate
better the postural alignment (28). Participants were asked to
stay in a comfortable, neutral position. NYPS was assessed at
the same location, on the same day and same uniform conditions
following the evaluation of the Posture Screen Mobile
application.
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Figure 1. Output sample of posture analysis made with Posture
Screen Mobile.

Research Diagnostic Criteria for
Temporomandibular Disorders

RDC/TMD standardized evaluation and diagnostic criteria
which provides criteria for dual axis diagnosis consisting of two
parts as 31 question anamnesis and 11 question examination
form. Axis-1 evaluate physical diagnosis, Axis-II to evaluate
the psychometric properties of TMD (29). As a result of the
answers to the axis-I questions, one or more of the disease
diagnoses collected in 3 different groups can be diagnosed or
not. Group I is classified as Myofascial Pain Disorder, Group
II Temporomandibular Joint Disc Displacement Disorder, and
Group III Temporomandibular Joint Degenerative Disorder and
axis-II comprises a psychosocial assessment (30).

The anamnesis form (A) consists of 31 questions and the
examination form consists of 11 questions. In this study, the
Turkish version of RDC / TMD, which we accessed from the
RDC / TMD consortium’s website, was used (31).

Data Analysis

All statistical analyses were completed using “Statistical
Package for Social Sciences” (SPSS) Version 22.0 (SPSS Inc.
Chicago, IL, ABD). Descriptive statistics in the form of means,
standard deviations and counts were used to describe baseline
characteristics across study and control groups. Normality was
assessed using the Shapiro-Wilk test. Significance was set a
priori at an alpha value of 0,05. Data comparison analysis of
independent and parametric data of NYPS total point and
PostureScreen Mobile was used “Independent Sample T-Test”.
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RESULTS
Sample Characteristics

Thirty individuals (22 female, 8 male) with mixed (myofascial
and arthralgic) TMD and thirty (25 female, 5 male) age and sex-
matched healthy controls were assessed. There are no statistic
differences between groups in the line of demographics as age,
height, weight, body mass index (BMI) and sex (p>0.05) (Table 1).

Table 1. Characteristics of the groups

Group 1 Group 2

M:+SD M:+SD p-value
Age (N=30) 23.83+4.60 21.46+2.50 0.460
Height (N=30)  167.83+8.49  167.83+6.61 0.976
Weight N=30)  62.80+10.87  56.90+8.52 0.123
BMI (N=30) 22.19+2.80 20.15+2.42 0.104
Sex % (N) % (N)
Female 73.3 (23) 83.33 (25) 0.167
Male 26.7 (7) 16.67 (5)

BMI= Body Mass Index, M= Mean Value, SD= Standard Deviation

Table 2. Characteristic postural translation of the participants
from anterior, posterior and lateral sides.

Group 1 Group 2 p-value
M=SD (cm) M=SD (cm)

Anterior Side

Head 2.67+3.06 2.92+1.65 0.16
Shoulder 1.98+1.82 1.63£1.63 0.45
Hip 1.22+£1.65 1.48£1.21 0.20
Posterior Side

Head 1.18+1.28 1.32+1.49 0.79
Shoulder 1.59+£1.55 1.69+1.49 0.83
Hip 1.63£1.24 1.63+2.18 0.42
T1-T4 2.02+1.66 1.19+1.35 0.55
T4-T8 1.10+0.98 0.93+0.80 0.19
T8-T12 1.86+1.43 1.48+1.24 0.89
T12-L3 1.81£1.71 2.24+1.37 0.16
L3-SIPS 2.9942.58 3.08+£2.23 0.14
Lateral Side

R Head 10.87+5.46 10.91+5.08 0.31
L Head 10.33+6.12 9.52+5.40 0.67
R Shoulder 1.77£1.76 1.84+1.51 0.81
L Shoulder 2.41£1.95 2.59+2.19 0.83
R Hip 3.62+3.12 3.53+2.80 0.92
L Hip 5.24+4.24 4.1942.67 0.49
R Knee 4.04+2.14 5.27+£2.73 0.04
L Knee 4.39+2.47 6.24+2.33 0.00

SIPS= Spina Iliaca Posterior Superior, M= Mean Value, SD=
Standard Deviation, R= Right, L= Left

Temporomandibular Dysfunction and Posture

Postural Assessments

Characteristic postural deviation of the participants from
anterior, posterior and lateral sides assessed by PSM, are shown
in Table 2. Group 1, in the line of right and left knee translation
from the sagittal plane, were shown to have higher values than
group 2 (p<0.05). No appreciable differences were found in
other data sets (p=>0.05) (Table 2).

There is a statistically difference between the total scores of
the results obtained with the other posture assessment method
NYPS, calculated total points according to the degree of postural
deviation (p<0.05). Group 1 has the total score as 47.03+£7.35
(M=£SD) and group 2 has 55.17+4.94. Scores were significantly
lower in group 1 than group 2 (p=0.014).

DISCUSSION

The main purpose of this study was to evaluate and associate
the presence of temporomandibular disorder with postural
deviations across the whole body. Other studies have expressed
a relationship between postural misalignments in TMD and
many studies have only investigated the cervical region, but
there are not many studies focused on objective quantitative
postural assessment methods for the global body. According to
the systematic analysis, level of evidence was not reached in
terms of the relationship between TMD and whole-body posture
misalignment (32). We have designed this study in order to
contribute to the literature.

Our results demonstrated that there are no postural disorders
in terms of region but also there is a significant difference of their
total score for global posture between control and study group.
While different results are revealed in studies that examine
posture change regionally, it is seen that these studies did not use
scales that globally evaluate postural deterioration (7, 12, 17,
33, 34, 37). Considering that the posture is disrupted not only
from a single region but as a kinetic chain, we may have seen
a postural chain that gradually worsens in general rather than a
settled postural disorder in our fairly young participants. In line
with this result, we think that we can provide a global evaluation
of posture and taking precautions against possible disorders in
clinics. In order to prevent postural impairment in individuals
diagnosed with TMD and to prevent TMD development in
individuals with postural disorders, individuals may be directed
to postural exercises in order to increase their quality of life and
functionality.

When assessing craniocervical posture, Cadmara-Souza et al.
(12) found no relationship considered by the positioning of the
hyoid bone, head rotation, and the extension/flexion of the head,
all TMD participants were diagnosed by RDC/TMD and mixed
in terms of subgroups of TMD. Iunes et al. (32) revealed that
head and cervical spine posture which assessed by photography
did not differ between the groups with a diagnosis of myofascial
dysfunction group, mixed TMD group and without TMD
group. Uritani et al. (34) observed neck inclination angle were
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significantly lower in TMD group while angle of shoulder,
cranial rotation angle and the neck-length/shoulder-width
ratio showed no difference. Our results revealed that head and
cervical posture from four sides has no difference neither subject
nor control groups despite having misalignments in both groups.
Such findings make us think some degree of asymmetry occurs
due to the dominant side (35,36).

Saito et al. (17) used X-Ray imaging for TMD diagnosis
and photographic record for global postural assessment for 10
patients and found out lumbar hyper lordosis and thoracic spine
rectification in TMD group. Based on photographic assessment
of postural evaluation, Munhoz and Marques (7) recorded no
difference of spinal curve posture according to having TMD.
Parallel to this study we found no statistically difference of
spinal misalignment between groups.

There is no consensus in the literature, while some findings
(16, 23) are in contrast with our hip posture findings, some of
parallel (7). Zonnenberg et al. (16) used criteria of American
Academy of Orofacial Pain for diagnosis of TMD and included
40 patients to their study. Photographic postural measurement
has been done and established an increased pelvic tilt in TMD
group. This difference in our work suggests that the PSM
application’s translation and comprehension calculations may
be based on a sub-segment rather than a reference line since the
knee findings showed difference.

In the present study, it was also found that the individuals
with TMD presented a greater degree of posture deviations in
the knee. There are no studies in the literature with which these
findings can be compared. However, Bonato et al. (38) studied
the presence of pain in joints and found out those individuals
with TMD show high prevalence of pain complaints especially
in knee joints.

Regarding total scores of New York Posture Scale, we are
able to say that TMD group had lower scores than those who had
healthy temporomandibular joints which means worse posture
TMD group has. As a result, all individuals independent from
TMD showed postural misalignment in various degrees. The
great variability in the postural alignment may occur due to daily
living habits like sedentary lifestyle, amount of working time
and emotional factors. At the same time, it may result from the
photographic analysis that based on computerized substructure,
showed slight error. Thus, based on the results observed in
this study, no direct relationship could be determined between
the presence of TMD and the assessed variables, even though
statistically significant differences have been found in one of
them. Based on data in the current study, TMD seems to be
related to whole body posture. It is not possible to conclude
whether TMD is the result of a postural misalignment or a cause.

In conclusion, a statistically significant difference was found
in terms of knee posture and total score of postural assessment.
It may be beneficial to consider that these postural disorders can
be caused by TMD or that TMD can lead to this posture. Giving
importance to postural alignment in these patients may be

important for multidisciplinary approach to patients with TMD
for appropriate treatment programs and prevention.

Limitations

People with temporomandibular dysfunction could not be
divided into groups regarding subtypes, postural analysis in
subtypes could show better results.
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