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Introduction

Objective The main purpose of this article was to determine the correlation of bite
force in maximal intercuspal position (MIP) among patient’s perceptions, clinician sub-
jective interpretation, and T-Scan Il system.

Materials and Methods Forty-three dental students at Naresuan University
(Phitsanulok, Thailand) participated in the study. Subjects were positioned by Frank-
furt horizontal plane paralleled to the horizontal plane and asked to bilaterally clenched
in MIP. Patient’s perception was evaluated by asking which side of the jaw had heavier
bite force (right, left, or equally on both sides). Then, the clinician subjective interpre-
tation was assessed using traditional occlusal indicators. Furthermore, patient’s bite
force was analyzed using T-Scan Il

Statistical Analysis Cohen’s weighted kappa test was used to evaluate the correlation
of bite force.

Results The best correlation between patient’s perception and T-Scan Il was at the
+ 7.5% cutoff range with 15 subject agreements. While the best correlation between
clinician subjective interpretation and T-Scan Il was at = 5.0% cutoff range with 23 sub-
ject agreements. Cohen’s weighted kappa indicated slight agreement between T-Scan
[l and patient’s perception and fair agreement between T-Scan Il and clinician.
Conclusions Clinician subjective interpretation is more clinically reliable than
patient’s perception when T-Scan Ill is used as a gold standard.

occlusion by evaluating the ink marks of articulating paper,
pulling force of shim stock foil between a pair of occluded

Perception of dental occlusion in human results from the
sensory signal via proprioceptors.!* Even the pulpless teeth
have similar sensory response upon loading* compared with
vital teeth as the periodontal mechanoreceptors play a sig-
nificant role in bite force perception.** The dental occlusion
can not only be detected by patients but also be examined by
clinicians via the use of various occlusal indicators.

Routine examination of occlusion is a combination of
patient’s perceptions and clinician. Clinicians interpret dental
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teeth, and translucent or perforation area of occlusal indica-
tor wax.5 Although these traditional occlusal indicators were
practical, their results are variable due to limited ability to
discriminate dental occlusion. To overcome the limitations,
digital occlusal indicators (i.e., T-Scan system) had been
developed.

The T-Scan III system (Tekscan, Boston, Massachusetts,
United States) is the newest version of the digital occlusal
indicators.”® It could analyze and report occlusion in terms
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of the sequence of each tooth contact in 0.003 second time
increments, the force location on the contacting tooth sur-
faces, the relative occlusal force in percentage values, and
the center of force trajectory.’ Although the data from
T-Scan Il are more precise and quantitative than the conven-
tional occlusal indicators, T-Scan III is not prevailingly used
due to high system cost. Thus, patient’s perceptions and clini-
cian are still key factors to validate patient’s occlusion.

Currently, no evidence demonstrated the accuracy of bite
force from patient’s perceptions or clinician compared with
the T-Scan III. Herein, this study aimed to find the correlation
of bite force in MIP among patient’s perceptions, clinician
subjective interpretation, and T-Scan III analysis.

Materials and Methods

This study was approved by Naresuan University Ethi-
cal Committee (IRB N0.0995/60). The data were collected
during April to June 2018. Forty-three undergraduate den-
tal students at Naresuan University (Phitsanulok, Thailand)
who had at least 24 permanent teeth with their same arch
counterpart teeth were enrolled in this study. The subjects
who presented with second- or third-degree tooth mobili-
ty, orthodontic treatment, temporomandibular disorder and
parafunctional habit, or any dental treatment during dura-
tion of study were excluded.
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Two appointments were planned in all subjects (=Fig. 1).
In the first appointment, the dental occlusion was examined
by occlusion specialized dentist (JP). The alginate impression
for study models was done. The study models were used to
measure mesiodistal width of teeth to set the subject’s arch
dimension in T-Scan IIl program. All subjects were repeatedly
trained to bite at MIP.

One week later (the second appointment), the patient’s
perception, clinician subjective interpretation (JP), and T-Scan
Il analysis were collected. Subjects were requested to three
times bilaterally clench their teeth at MIP'® as well as to report
whether or not the teeth were occluded equally on both sides
or which side was heavier. Second, JP used the occlusal indi-
cator wax (Kerr, Orange, California, United States) to exam-
ine the size and force distribution of occlusion at MIP and
the occlusal contacts were confirmed using shim stock foil
(Hanel, Langenau, Germany). Then, JP would define the bite
force (right, left, or equally on both sides). Lastly, to collect
T-Scan Il data, the subjects bilaterally clenched their teeth
at the same MIP on the high definition (HD) sensor of T-Scan
III three times. Relative bite force of right and left sides was
reported as mean values and showed in percentage of each
side. The cumulative relative bite force of both sides was 100%.
The different cutoff values (2.5, +5.0, £7.5, £10.0%) deviated
from 50% relative bite force were used to define the equal bite
force of both right and left sides. For example, +10% cutoff

Population

l Screening

43 Subjects

'

- Alginate impression for study model

Visit 1 - Clinical examination for reliability testing
i 1 week
Data collection of - Patient’s perception
Visit 2 - Clinician subjective interpretation

- T-Scan III analysis

I

Data analysis

Fig. 1 The flowchart of the study protocol.
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Fig. 2 The relative bite force is shown in T-Scan Ill display. When cutoff value was £ 10%, equally bite force (A), right side was heavier than left

side (B), and left side was heavier than right side (C).

value means that if relative bite force fell between 40 and 60%,
it would be interpreted as equal bite force of both right and
left sides. If one side had relative bite force more than 60%, it
would be recognized as that side had heavier bite force than
another one (~Fig. 2).

Sixteen subjects were randomly collected for intraexaminer
reliability of clinician subjective interpretation at visit 1 and
2. To determine the correlation of bite force and intraexam-
iner reliability, Cohen’s weighted kappa were calculated with
SPSS Version 17.0 for Windows (SPSS Inc, Chicago, Illinois,
United States). The kappa score was categorized as follows:
poor (score < 0), slight (score 0.00-0.20), fair (score 0.21-0.40),
moderate (score 0.41-0.60), substantial (score 0.61-0.80), and
almost perfect (score 0.81-1.00) agreement.!

Results

Among 43 subjects, there were 29 females and 14 males with
the age ranges between 19 and 23 years old. Bite force agree-
ment between patient’s perceptions and T-Scan III is shown
in =Table 1. The maximum number of subject’s perception
corresponded with T-Scan III was 15 subjects when both
sides cutoff values were + 7.5. The least agreement (13 sub-
jects) was observed when both sides cutoff values were + 2.5.
~Table 2 demonstrated bite force agreement between cli-
nician subjective interpretation and T-Scan III. The most bite
force agreement was 23 subjects with both sides cutoff values
of £ 2.5 and + 5.0. The least bite force agreement comprised of
17 subjects when both sides cutoff values were + 10.0.
Cohen’s weighted kappa indicated the correlation between
patient’s perceptions or clinician subjective interpretation

Table 1 Bite force agreement between patient’s perceptions
and T-Scan Il at different cutoff values

compared with T-Scan III as shown in =Table 3 and ~Fig. 3.
According to Landis and Koch,!' the best correlation between
patient’s perceptions and T-Scan III was slight agreement
when cutoff value was + 7.5 and the best correlation between
clinician and T-Scan IIl was fair agreement when cutoff value
was £ 5.0.

Intraexaminer reliability of clinician was moderate agree-
ment (12-16 subjects; kappa score 0.590) (data not show).

Discussion

This study demonstrated that the correlation between
patient’s perceptions and T-Scan III was slight agreement.
This finding may be related to limited patient’s recognition
to the bite force. Siirilae and Laine stated that human can dis-
tinguish 8 to 10 microns thickness of foreign bodies between
interocclusal surfaces.'? This could imply that subjects cannot
recognize the true bite force when the interocclusal spaces

Table 2 Bite force agreement between clinician subjective inter-
pretation and T-Scan Il at different cutoff values

Number of subjects (n = 43)
Both sides cutoff values Number Subject
(e e, 65) of subject agreement

agreement (%)
+2.5 (47.5-52.5%) 23 53.49
+5.0 (45.0-55.0%) 23 53.49
+7.5 (42.5-57.5%) 21 48.84
£10.0 | (40.0-60.0%) 17 39.53

Table 3 The Cohen’s weighted kappa of each cutoff values

Number of subjects (n = 43) Cohen’s weighted kappa
Both sides cutoff values Number Subject Both sides cutoff values Patient’s Clinician
(0102 e, 25 of subject agreement (AL R 2 5 perception subjective
agreement (%) interpretation
£2.5 (47.5-52.5%) 13 30.23 £2.5 | (47.5-52.5%) -0.011 0.298
+5.0 | (45.0-55.0%) 14 32.56 +5.0 | (45.0-55.0%) -0.007 0.302
£7.5 (42.5-57.5%) 15 34.88 +7.5 | (42.5-57.5%) 0.036 0.233
+10.0 | (40.0-60.0%) 14 32.56 +10.0 | (40.0-60.0%) 0.017 0.096
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Fig. 3 The Cohen’s weighted kappa of each cutoff values.

between occluding teeth at MIP are less than 8 to 10 microns.
If these spaces are larger than 8 to 10 microns, patients would
be able to differentiate which pairs of teeth had the heavier
contacts without perceiving summation of the total force to
differentiate teeth contacts.

Several studies investigated the bite force perception.!*-8
Most of them evaluated single tooth or localized occlusal con-
tacts, or before and after occlusal surface changes.'” Kampe et
al found that the best occlusion perception was at the incisor
regions, followed by canine and premolar regions, respec-
tively.' This study evaluated the summation of occlusal force
from patient’s perception compared with T-Scan III that is
served as a standard because of a more quantitative mea-
surement than the aforementioned techniques. Our results
showed slight agreement between patient’s perceptions and
T-Scan Il which indicated that patient’s bite force perception
did not correlate well with the real bite force as measured by
T-Scan III.

The effects of HD sensor should be taken into the con-
sideration. In this study, the same HD sensor was used
multiple times but less than 20 closures/subject as report-
ed by Kerstein et al' that consistency of the data from the
HD sensor was not affected by up to 20 repeated closures.
Although several investigators supported the efficacy and
reliability of T-Scan III,”'%?' the thickness of HD sensor (100
microns), which is ~4 to 12 times higher than physiolog-
ic vertical tooth movement (ca. 8-28 microns) in clinical-
ly healthy tooth,?? may interfere the patient biting into the
same MIP. This may result in high variation in relative bite
force of each subject. To overcome this problem, the average
data of three repeated closures were used. Moreover, dental
students who most likely know the biting pattern of their
teeth were recruited in the study, instead of using general
population. These could reduce the variability of each bite
on HD sensor.

Even though clinical examination may be the most feasible
and more reliable technique to examine tooth contact, no stud-
ies confirmed the accuracy of clinician subjective interpretation
of bite force. Kerstein and Radke studied accuracy of clinician
when interpreting articulating paper markings compared with
T-Scan IIl. Their results indicated that the clinician did not
effectively determine the relative bite force of patient.* The
intraexaminer reliability of JP was moderate agreement when
traditional occlusal indicators were used. This may possibly due
to the limited properties of the traditional occlusal indicators
that could affect the clinician interpretation such as thickness,
elasticity, and strength of the materials when they were used in
the oral cavity. This can result in distortion/tearing of occlusal
indicator wax/shim stock foil and may eventually produce false
occlusal contacts® as well as clinician’s experience that should
be considered. However, the correlation between clinician sub-
jective interpretation and T-Scan III was fair agreement com-
pared with slight agreement of patient’s perception. It indicat-
ed that clinician is more dependable than patient’s perception
because of higher kappa score and narrower cutoff range. Lastly,
further study is needed to demonstrate a correlation between
T-Scan Il and combined the results from patient’s perception
with clinician subjective interpretation for represent the clinical
routine examination.

Conclusion

Clinician subjective interpretation was more consistent with
T-Scan Il when compared with patient’s perception in term
of occlusal force in MIP and, therefore, clinically dependable
than patient’s perception. T-Scan is used as a gold standard
because it is a computerized occlusal analysis that is devel-
oped for quantitative clinical use. Additionally, data from
patient’s perception alone should be used with cautious
especially for irreversible dental treatment.
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