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Abstract
The etiology of temporomandibular joint disorders (TMD) is multifactorial, whereas occlusal
disharmony is one of the predisposing factors. Researchers still discuss the relation between
occlusion and TMD. Objective: The study aims to investigate the relation between static occlusal
parameters and TMD clinical symptoms using T-Scan II analysis system. Materials and methods:
Sample consisted of 44 persons, divided into investigative group of 20 TMD patients and control
group of 24 subjects without TMD. Main task of T-Scan II computerized occlusal analysis
system was to record every patient’s occlusion and estimate static occlusal parameters: centre
of occlusal force, asymmetry index of maximum occlusal force and occlusion time. These results
were compared between groups, data related to patients’ complaints and clinical symptoms. The
analysis was carried out using Mann-Whitney U, Kruskal-Wallis and Chi-square tests. Results:
Averages of the center of occlusal force in TMD subjects were 6.55 ± 0.99 mm, in the control
group -5.88 ± 0.69 mm; asymmetry index of maximum occlusal force averages: 15.90 ± 2.71
and 12.93 ± 1.88; occlusion time: 0.281 ± 0.036 seconds and 0.236 ± 0.022 seconds respectively.
There were no statistically significant differences between two groups but they were found in the
center of occlusal force and asymmetry index in the two groups (p<0.05). Conclusion: Values of
occlusal parameters in TMD patients were higher than in healthy subjects but differences were
not statistically significant. Values of the center of occlusal force distance and asymmetry index
of occlusal force in TMD patients wiht pain in the TMJ were significantly higher than in the
control group.
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Introduction
During the recent decades controversial opinions have dominated
the literature on the etiology, diagnostics and treatment of
temporomandibular joint disorders (TMD) [1]. According to the
results of study carried out by Luther, from 7% to 84% of the
world population (aged 3-74) suffer from these disorders [2]. In
2013 the TMJ Association in the USA came to the conclusion
that approximately 35 million of the US population are affected
by the disorders of temporomandibular joint and the masticatory
muscles. Epidemiological study has shown that approximately
75% of adult population have at least one symptom related to
TMD dysfunction, 30%-two or more symptoms [3]. Patients
tend to indicate different clinical symptoms: pain during
mouth opening, chewing, crepitation, clicking in the area of
temporomandibular joint or ear, limited mandibular opening,
morning stagnation and sleep disorders [4,5]. It is difficult to
identify a single main reason for the symptoms in the area of
this joint [6], thus the etiology of the disorders is polyetiological.
However, the relationship between dental occlusion and TMDs
is still a subject of debate by different researchers in the dental
community. Back in 1993, there was a strong argument that the
role of dental occlusion in the etiology of TMDs was not important
[7]. According to the study results, in the cases of chronic pain in
the temporomandibular joint area patients’ could be treated by
physiotherapy (e.g., electromyographic biofeedback for muscle
relaxation) rather than occlusal correction [8]. Still there is no
evidence if repetitive or extensive occlusal therapy can have a
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significant impact on TMDs [9]. In addition, there is evidence
that due to adaptation characteristics of human articulatory
system, morphological disorders in temporomandibular joint
are not an invariable consequence of occlusal disorders [10].
According to Chinese researchers, occlusal interferences are
directly related to pain in masticatory muscles and instability
of mandibular condyle, which influences TMDs [11]. The
Glossary of Prosthodontic Terms states that occlusion should
be balanced and muscle tension-free to the highest possible
extent. To achieve static occlusion, posterior teeth should be in
simultaneous contact, with equally distributed force on the dental
arch [12]. The most stable central occlusion occurs when the
mandibular condyle is located in the mandibular fossa, slightly
(~0.5 mm) glided forward and downward, from the apex of its
front position, at the base of articular tubercle of the temporal
bone [13]. The occlusal forces are concentrated and distributed
evenly on the dental arches, whereas temporomandibular joints
are affected only by a minor load [14]. But adequate occlusal
load depends on occlusal surfaces, tilting of each tooth and the
degree of tilt [15].
The position of mandibular condyle during the maximum
intercuspation is also related to occlusal surfaces. Dental
attrition, defective or inadequate dental restorations changes
occlusion, with time these changes can affect alterations of
articular structures. For instance, flattened and flared condyles
are characteristic of dental arches with occlusal surfaces
flattened by severe abrasion [16].
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Articulating paper which is used for clinical testing of occlusion
has drawbacks: the picture is two-dimensional and not adequate
for evaluating the distribution of forces during occlusion [4].
The study results have shown that there is no relation between
the coloured surface and brightness of colour of the articulating
paper marks and the dominating occlusal force or occlusion
time [12]. There is also research evidence that the brightness
of the coloured surface does not imply the occlusal force, as
this depends on dental morphology [17]. Digital analysis allows
obtaining additional information about occlusion time, center
of occlusal force and distribution of forces on both sides of the
mandible. Occlusion time is the period of time between the
first dental contact and the maximum intercuspation (central
occlusion). Normal occlusion time is 0,1-0,3 seconds. According
to some authors, occlusion time is related with premature
contacts and occlusion instability [6]. Premature contacts can
result in condyle displacement, which may potentially cause
friction and increased intra-articular pressure on the TMJ. Both
situations are harmful to the TMJ and contribute to alteration of
the structure of the TMJ. If the capacity of a subject to adapt to
the situation is exceeded, TMJ and disorders of the masticatory
muscles may occur [18-20]. Italian researches found occlusion
time 0.18 s longer in patiens with TMD, compared with control
goup, so occlusal instability is bigger in the TMD patients
[6]. Prolongation of occlusion time may also influence the
pathological wear of occlusal surfaces [21]. Digital occlusal
analysis in patients with temporomandibular joint disorders
may allow evaluating the relationship between occlusal factors
and pathological conditions of temporomandibular joint.
This kind of data may lead to a more precise diagnostics and
selection of an adequate treatment plan. The null hypothesis
is that changes of static occlusion parameters are related with
TMD. The aim of this work is to analyse the relationship
between static occlusal parameters and clinical symptoms of
TMD by applying the T-Scan II analysis system.

Materials and Methods
Subjects
The study was carried out at the Clinical Department of Dental
and Maxillary Orthopaedics, Lithuanian University of Health
Sciences, Kaunas, Lithuania, in 2014. Permit No. BEC-OF-399
was issued by the Bioethics Centre at the Lithuanian University
of Health Sciences for the purposes of this study. The study
sample consisted of 44 patients: 32 female and 12 male. The
patients were selected according to the following criteria:
orthognatic type of bite (Angle Class I), good oral hygiene,
absence of periodontal disease and systemic inflammatory
conditions, complete permanent dentition except for the third
molars, no clinical signs of bruxism and tooth wear, absence
of treatment on TMDs and orthognatic surgery. The study
sample was subdivided into two groups of subjects. In the
first group people complained of TMDs, whereas those in the
second (control) group were healthy subjects. The control
group involved 24 people. In the first group 20 patients suffered
from pain or crepitation in the area of temporomandibular
joint, limited mouth opening, deviation, stagnation, and fatigue
during extended periods of mouth opening, TMJ sounds
(clicking). Based on complaints frequency characteristics, the
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patients were subdivided into groups. Their age was from 20 to
44; average age: 25.9 ± 0.8.

Equipment, procedure and statistical analysis
T-Scan II (Tekscan, Inc., Boston, MA, USA) is a digital system
for occlusal analysis. It consists of a thin (100 µm) U-shaped
pressure-sensitive gauge, a holder and a computer. A USB
connector is used to connect the holder to the computer. This
device of clinical diagnostics evaluates and visualizes occlusal
contacts and their parameters during static or dynamic occlusion.
The programme of this system involves the time and force
analysis modes. The time analysis mode is used to visualize the
distribution, sequence and time of occlusal contacts, whereas
the force analysis mode is employed to identify the place, area,
force and time of occlusion. The video material is available as
2D or 3D. The system also identifies the centre, trajectory and
strength of occlusal force. It also allows analysing premature
occlusal contacts during maximum intercuspation and dental
contacts during side-to-side or forward movements of the lower
jaw. Limitations of the T-Scan system are that it provides only
qualitative assessment of occlusal force, when a sensor is used
more than once, sensitivity decreases or even disappears and
increasingly fewer occlusal markings can be seen [22,23]. In
addition, when forces are concentrated in a small area (e.g., a
tooth cusp tip), the sensor may be damaged and, therefore, make
an inaccurate recording of the occlusal contact or inaccurate
artifacts in the produced images [24]. Even though the thickness
of T-Scan sensors is as small as possible (100 µm), when
electromyograph is used at the time of occluding the sensor,
hyperactivity of the masticatory muscles is detected, which
may lead to jaw diplacement and have a direct impact on tooth
contact information and occlusal parameters [25].
Our study was carried out in the dental office. The aim of
the study was explained to the patients and they have given
consent to become subjects. The first part of the study involved
patient’s anamnesis and evaluation of complaints. The muscles
of TMJ were palpated using a bimanual technique during rest
and mouth opening. Extraoral palpation was used for masseter
and temporalis muscles [26,27]. Pain was detected during
the palpation and movements of the lower mandible [6], also
marked as positive when painful conditions persisted longer
than 3 months [28]. The severity of pain was assessed on VAS
(visual analogue scale for pain): 0-no pain, 10-pain is stronges
[29-31]. Before the second part of the study, the mandible
was manipulated to the centric relation by bimanual technique
which was chosen according to its clinical significance and
better repeatibility [32]. Patients were also asked to swallow
saliva and get into centric occlusion. The patients were seated
comfortably on a dental chair and the head position was fixed
with the Frankfurt horizontal plane paralleling the horizontal
plane. When the patients were ready, the gauge was placed in
the mouth; it transmitted the information on the bite force and
time to the computer programme in real time; thus the force
was measured in intervals up to 0.01 second. The gauge and the
holder in the mouth were positioned along the line of occlusal
centre of the upper jaw. The procedure was repeated 3 times.
The same examiner carried it out on all the study subjects.
For data processing, one video was selected that captured full
occlusal surface contact with occlusal force close to 100%.
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parameters are higher in the investigative than in the control
group but these differences are not statistically significant
(p>0.05).

In this study the centre of occlusal force is defined as the distance
from the central line of dental arch measured with accuracy up
to 0.01 mm. The asymmetry index of maximum occlusal force
(AOF) is the difference of occlusal force between right and
left sides. It is calculated as follows: Max. AOF (%)=occlusal
forces of left side-occlusal force of right side/ total occlusal
force* 100%. Occlusion time is the time between the first dental
contact and maximum intercuspation. It is measured by using
the mode of force analysis, i.e., the graph of ‘Force and time’.

With reference to patients’ complaints and clinical symptoms,
patients in the investigative group had from 1 to 4 complaints,
2.35 ± 0.33 complaints on average. (e.g., Graph 1). When
patients’ complaints and clinical symptoms were compared, the
right TMJ was dominant (e.g., Graph 2).
To evaluate the relationship between occlusal parameters
and patients’ complaints, the values of these parameters were
compared between patients who were grouped according to
presence and absence of complaints (Table 2). Statistically
reliable differences of the centre of occlusal force and asymmetry
index were obtained in the groups of patients who suffered from
pain and those who did not feel it (p<0.05). Other significant
differences of occlusal parameters have not been detected in the
groups with present and absent complaints (p>0.05).

The study data were processed by the software IBM SPSS 22.
The distribution of all the data was not normal (Shapiro-Wilk
test p<0.05), thus rank tests were applied for the comparison of
quantitative values: Mann-Whitney U and Kruskal-Wallis tests.
The results were presented by the average, standard deviation
or error. Qualitative values were compared by a Chi-square test.
ROC curves were employed to evaluate the diagnostic potential
of occlusal parameters. The odds ratio was calculated to evaluate
the relationship of the parameters with pain; the method of
logistic regression was used. The level of significance was set
at α=0.05.

ROC (Received Operating Characteristic) curves were used to
evaluate the diagnostic quality of occlusal parameters: the centre
of occlusion force and asymmetry index. The patients with the
centre of occlusion force distanced at least 7.5 mm, complained
of pain considerably more frequently than those with the centre
of occlusion force distanced less than 7.5 mm: 46.2% and
9.7% respectively (p<0.05). The probability of pain for these
patients increased by 8.0 times (95%, confidence interval (CI):
1.59-40.20). The patients with asymmetry index at least 14%
also complained of pain significantly more frequently than the
patients with asymmetry index less than 14%: 44.4% and 3.8%
respectively, (p<0.05). The probability of pain for these patients

Results
The values of the centre of occlusal force, asymmetry index of
maximum occlusal force and occlusion time were identified for
each patient in the sample. The minimum value of the centre
of occlusal force was 1, maximum-19; the minimum value of
the asymmetry index was 0.6, maximum-41.1; the minimum
occlusion time was 0.084, maximum-0.695. A comparison of
all occlusal parameters between the investigative group and
the control group (Table 1) has shown that the values of all the

Table 1. Average values of occlusive parameters in the investigative group (patients with TMDs) and control group.
Occlusive parameters

Number of participants

Average

Standard deviation

P

Centre of occlusive force (mm)

44

6.18

3.88

0.962

1) Investigative group

20

6.55

4.47

2) Control group

24

5.88

3.38

Asymmetry index (%)

44

14.28

10.59

1) Investigative group

20

15.9

12.1

2) Control group

24

12.93

9.19

Occlusion time (in seconds)

44

0.256

0.135

1) Investigative group

20

0.281

0.161

2) Control group

24

0.236

0.107

0.487

0.43

15,9%

Fatigue
6,8%

Stagnation

4,5%

Limited mouth opening

9,1%

Deviation

22,7%

Clicking

27,3%

Crepitation
20,5%

Pain
0

5

10

15

20

25

30

Graph 1. Complains and clinical symptoms in group of TMD patients.
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28,6%

Fatigue
Stagnation

71,4%
66,7%

33,3%

Limited mouth opening
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10,0 %
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Clicking
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Crepitation

25,0 %
25,0 %

0.0%
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50,0%

The left side
The right side

80,0 %
25,0%
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Graph 2. Distribution of TMD complains and symptoms between left and right sides.
Table 2. Comparison of complains from patients with TMDs and
digital occlusion data.
Complaints
Pain:
1)
2)

Number of
patients

Occlusal parameters
Centre of
occlusive
force (mm)

Asymmetry
index (%)

Occlusion time
(s)

Present
Absent

9
35

8.56 ± 1.00*
5.57 ± 0.66

21.89 ± 3.24*
12.32 ± 1.69

0.304 ± 0.463
0.244 ± 0.224

Crepitation:
1) Present
2) Absent

12
32

6.83 ± 1.47
5.94 ± 0.60

15.37 ± 4.35
13.87 ± 1.53

0.264 ± 0.383
0.253 ± 0.243

Clicking:
1) Present
2) Absent

10
34

4.60 ± 0.82
6.65 ± 0.70

10.55 ± 2.50
15.38 ± 1.91

0.296 ± 0.038
0.245 ± 0.024

Deviation:
1) Present
2) Absent

4
40

5.00 ± 1.92
6.30 ± 0.62

11.30 ± 4.29
14.58 ± 1.71

0.308 ± 0.137
0.251 ± 0.186

2
42

7.00 ± 4.00
6.14 ± 0.60

27.10 ± 14.00
13.67 ± 1.54

0.164 ± 0.045
0.261 ± 0.021

Stagnation:
1) Present
2) Absent

3
41

4.00 ± 2.00
6.34 ± 0.61

14.40 ± 9.90
14.27 ± 1.61

0.246 ± 0.094
0.257 ± 0.021

Fatigue:
1) Present
2) Absent

7
37

6.57 ± 1.33
6.11 ± 0.66

18.07 ± 4.36
13.56 ± 1.71

0.252 ± 0.052
0.257 ± 0.022

Limited mouth
opening:
1) Present
2) Absent

Statistically reliable differences (p<0.05)

*

increased by 20.0 times (95%, confidence interval (CI): 2.21181.30).
Based on the relation of occlusal parameters with pain and
considering other parameters, a model of logistic regression
was developed; it included the following characteristics: age,
gender, centre of occlusal force and asymmetry index (Table
3). The analysis has shown that there was no significant
relation between patients’ painful condition and their age
and gender. When the influence of other parameters was
disrespected, the relation between the centre of occlusal
force and pain was stronger: when the distance was at least
7,5 mm, the probability of pain increased by 10,18 times (95
percent, CI: 1,304-79,382). The relation between pain and
the asymmetry index was slightly weaker: when the index
was at least 14 percent, the probability of pain increased by
19,02 times (95 percent, CI: 1,698-212,942).
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Table 3. Probability of pain in TMD patients with reference to age,
gender and occlusal parameters.
Characteristics

B
Probability Confidence interval of
p value
coefficient
ratio
probability ratio 95%

Age

0.081

0.349

1.084

0.916

1.284

Gender: Female/
male

0.089

0.935

1.093

0.129

9.226

Centre of occlusion
force (mm): ≥
7.5/<7.5

2.32

0.027

10.176

1.304

79.382

Asymmetry index
(percent): ≥ 14/<14

2.945

0.017

19.018

1.698

212.942

Discussion
The impact and role of occlusion in the etiology of TMDs has
remained debatable. Therefore, the aim of this study was to
employ a digital analysis to investigate the relation between
the static occlusal parameters and clinical symptoms of
temporomandibular joint disorders.
Our study has considered occlusion time and has shown that the
differences between healthy patients and those suffering from
TMDs were not statistically significant. But the average values
of occlusion time were different: 0.045 s longer in comparison
to the control group. The results of this study are similar to
the results of studies carried out by Baldini, Nota and Cozza
in Italy in 2014: occlusion time longer by 0.18 s was recorded
among investigative groups but the average of patients with
TMDs was 0.64 ± 0.21, whereas the results were statistically
significant. The differences between the study methods and a
larger size of the sample could have influences higher average
values but it still can be noted that a longer occlusion time was
recorded in patients with temporomandibular joint disorders.
This conclusion also applies to the results of the study by Wang
and Yin (2012): the reported average value of occlusion time
was 1.36 ± 0.03 s longer than in the control group, whereas the
average in patients with TMDs was as high as 2.05 ± 0.06 s [18].
We may assume that this difference was determined by patients
suffering from severe forms of TMDs [6].
The distance of the centre of occlusal force informs us about
occlusal balance but its extent may also be influenced by the
function of masticatory muscles [18]. The average value of the
11
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centre of occlusal force recorded in this study was 6.55 ± 0.99
mm in the investigative group and 5.88 ± 0.69 mm in the control
group; the differences were not statistically significant. In the
study by Wang and Yin the average of patients with TMDs
(4.39 ± 0.15 mm) was also higher than of healthy subjects but
the differences were statistically significant [18]. Drawing on
the previous studies, may be noted that patients with TMDs
have a more extensive centre of occlusive force than those
who have no complaints of TMDs; thus, occlusal imbalance is
observed. But this difference was not statistically significant in
our research.
The difference of occlusal force between right and left sides is
expressed as the asymmetry index of maximum occlusal force.
There were no statistically significant differences between
the two groups in the study sample, but the average value of
this parameter in the investigative group was higher than in
the control group. The results in the study by Wang and Yin
were similar: the average of the asymmetry index of maximum
occlusal force was 16.66 ± 0.47 [18]. Thus, occlusal forces
between both sides of the mandible are distributed unevenly in
patients with TMDs, which results in the activity of masticatory
muscles on one or two sides and may determine disorders in the
temporomandibular joint.
The calculation of these dynamic parameters of occlusion did
not show a statistically significant difference in the groups of
the study sample, even though the average values were different.
We may assume that the reasons for this were a small size of
the sample or the variety of patients’ complaints and clinical
symptoms and the degree of severity of the disorders.
One of the objectives of our study was to evaluate the
relationship between dynamic parameters of digital occlusion
analysis and patients’ complaints and clinical symptoms. The
results imply that irreversible dislocation of the articular disk is
less prevalent than reversible, as the symptom of clicking was
recorded in 22.7% of the patients. It may also be noted that pain
in temporomandibular joint coincides with functional imbalance
of stomatognathic system, changes in the movements of the
lower mandible, emerging muscular hypoactivity; therefore, the
force of chewing and pressure decreases [33]. Subsequently,
occlusal forces distribute unevenly on both dental arches during
occlusion and an imbalance between distributions of forces on
one side of the mandible with respect to the other side emerges.
The study by overseas authors on the relationship between
patients with TMDs and occlusion [4,6,18] has not considered
patients’ complaints. Studies of this kind have not been found.
To summarize the results of this study, we may conclude that
the changes of occlusal parameters in the centric occlusion are
characteristic of the patients with temporomandibular joint
disorders. Still, not only occlusal and articulatory surfaces play
an important role in the human articulatory system, but also
masticatory muscles that regulate the movements of the lower
mandible and determine the position of mandibular condyle
in the articulatory structures during exercise and at rest. Thus,
occlusion remains only one of the predisposing factors in the
etiology of TMDs.
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Conclusion
The values of occlusal parameters-center of occlusal force, the
asymmetry index of maximum occlusal force and occlusion
time-in patients with temporomandibular joint disorders were
higher than in healthy subjects but the differences were not
statistically significant. There was a statistically significant
relationship between the distance of the centre of occlusal force,
the asymmetry index of maximum occlusal force and patients’
pain in the area of temporomandibular joint. Other statistically
significant differences between patients with complain and
other subjects have not been detected but crepitation in the
joint area and a reversible dislocation of articulatory disk has
been reported most frequently. These results suggest that an
association exists between patients' with complain and static
occlusion parametres. The findings of this study need to be
confirmed in additional studies on bigger samples.
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