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Abstract

Purpose: Occlusion plays a role in the execution of physical abilities in various. The aim of this study was to clarify the effect of clenching on the
spinal alignment.

Materials and methods: Participants were 47 healthy men with no medical history involving the stomatognathic system and no musculoskeletal,
neurological, or orthopedic problems. A spinal shape analyzer was used to measure spinal alignment. The Thoracic Kyphosis Angle (TKA), Lumbar
Lordosis Angle (LLA), Sacral Slope Angle (SSA), and Spinal Inclination Angle (SIA) were measured in the sagittal plane. The measurement was
performed while the participant was in a static standing posture and in a standing forward-bending posture. Measurements were performed under
two conditions: while clenching and while relaxing. The occlusal balance was evaluated and divided into a stable group and an unstable group. For
each posture, the differences in spinal alignment due to the presence or absence of clenching or the occlusal balance were analyzed using a split-
plot design.

Results: No significant differences in spinal alignment due to occlusal balance were observed. In the static standing posture, there was no difference
in the spinal alignment depending on clenching condition. However, in the standing forward-bending posture, LLA, SSA, and SIA values were
significantly higher while relaxed than that while clenching.

Conclusion: As a result of this study, it was clarified that clenching influences the alignment of the spine during trunk flexion and restricts the flexion
of the body, thereby contributing to the stability of the trunk.

Keywords: Clenching; Spinal alighment; Occlusal balance; Trunk stability

Introduction

Occlusion plays a role in the execution of physical abilities in
various situations [1-6]. This is because occlusion affects the function
of maintaining posture (postural control). Muscle activity in postural
control involves mainly the antigravity muscles or trunk muscles [7].
The dorsal muscles (neck extensor muscles, erector spinae muscles,
gluteus maximus, hamstrings, and triceps surae muscle) contribute
more to postural control compared with the ventral muscles (neck
flexor muscles, abdominal muscles, iliopsoas muscle, quadriceps
femoris muscle, and tibialis anterior muscle). These muscles work
in coordination with jaw and neck muscle activity associated with
clenching and changes in jaw positions, thereby playing a role in the
control of forward bending posture as well as increasing the sensitivity
of somatosensory input [8,9].

Occlusion influences somatosensory input and vestibular input,
and several studies that examined the association between occlusion
and postural control showed that body sway tended to be small when

the occlusal contact status was favorable and that clenching with
appropriate strength increased postural stability [2,4,5,10,11]. It has
also been reported that occlusal contact status, use of mouthguards,
and clenching influences physical ability and performance in sports
that involve mainly agility, instantaneous force, muscle strength,
and jumping power [6,12-14]. These studies focused on functional
factors in the postural control function but have not been validated
based on the morphological features of the body (e.g., spine, muscles,
and joints). Meanwhile, the association between the morphological
features of the body and physical ability in the context of postural
control has been examined mainly in the field of physiotherapy [15-
19]. Although spinal alignment has been shown to influence the
balance ability and gait speed and is also associated with the flexibility
of the antigravity muscles, its association with occlusion has not yet
been well studied.

The purpose of this study was to clarify the effect of occlusion
on spinal alignment, which is a morphological factor in postural
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control. The null hypothesis was that spinal alignment is unaffected
by clenching.

Materials and Methods

Ethical approval of studies and informed consent

This study was approved by the Ethics Committee of The Nippon
Dental University School of Life Dentistry at Niigata (ECNG-R-443).
The details of the study were described in full to all participants, and
their informed consent was obtained written.

Participants

Participants were 47 healthy men (mean age; 23.0 + 1.2 years)
with no medical history involving the stomatognathic system and
no musculoskeletal, neurological, or orthopedic problems. Exclusion
criteria were tooth defects other than in the wisdom teeth, ongoing
dental treatment, and presence of musculoskeletal pain or severe low
back pain within the past 12 months, or a history of surgery in the
lower limbs, spine, or pelvis.

Measurement of spinal alignment

A spinal shape analyzer (Spinal Mouse; Index Ltd., Tokyo, Japan)
was used to measure spinal alignment [20,21]. The device transmits
data to a computer via Bluetooth and the measured curvatures are
shown on the computer display. The method has no medical risk or
danger. The device has two rolling wheels that follow the spinous
processes of the spine, and the measured distance and angles are
transferred from the device to the computer. Data are sampled every
1.3 mm as the mouse is rolled along the spine, giving a sampling
frequency of approximately 150 Hz. This information is used by the
manufacturer’s software to calculate the relative positions of each
vertebra, the angles between the vertebrae, and the total angle of the
frontal and sagittal plane curvatures. The Thoracic Kyphosis Angle
(TKA), Lumbar Lordosis Angle (LLA), Sacral Slope Angle (SSA), and
Spinal Inclination Angle (SIA) were measured in the sagittal plane
(Figure 1). The measurement was performed while the participant
was in a static standing posture and in a standing forward-bending
posture. TKA is the sum of the angles formed by the adjacent vertebral
bodies from the 1* thoracic vertebra to the 12" thoracic vertebra. LLA
is the sum of the angles formed by the adjacent vertebral bodies from

LLA

/ SSA

Figure 1: Spinal alignment in the sagittal plane.
TKA: Thoracic Kyphosis Angle, LLA: Lumbar Lordosis Angle, SSA:
Sacral Slope Angle, SIA: Spinal Inclination Angle.

the 12t thoracic vertebra to the 1% sacral vertebra. For TKA and LLA, a
change in the kyphosis direction was defined as positive, and a change
in the lordotic direction was defined as negative. SSA is the angle
between the vertical line and the line connecting the 1% and 3" sacral
cords. SIA is the angle between the line connecting the 7 cervical
vertebra and the 1* sacral vertebra and the vertical line. SSA and SIA
were defined as positive for a forward lean and negative for a backward
lean. Measurements were performed under two conditions: while
clenching and while relaxing. While relaxing condition, participants
were instructed with the mandibular resting position or do not touch
the upper and lower teeth. One measurement was performed in about
5 sec, and the interval between measurements was 1 min.

Measurement of occlusal state

The occlusal state was measured using a pressure-sensitive film
(Dental Prescale, 50H-R type; Fujifilm Co., Ltd., Tokyo, Japan),
and evaluated using an OCCLUZER (FPD-707; Fujifilm Co., Ltd.)
[6,13,22]. In this study, participants with <5% difference in the left and
right occlusal contact area relative to the total occlusal contact area
were assigned to the stable group and the all other participants were
assigned to the unstable group. The stable and unstable groups were 21
and 26 participants, respectively.

Statistical analysis

Statistical analysis was performed in IBM SPSS 24.0 software (IBM
Corp, Armonk, NY, USA). Significance was set at P<0.05.

The reliability of the measured values under the clenching
condition was examined. For the test of relative reliability, the intra-
rater reliability of random errors was tested by intraclass correlation
coefficient (ICC) and decided to repeated measurements by decision
study. For the test of absolute reliability, the detection of systematic
errors was performed by Bland-Altman analysis.

Next, the left-right differences in occlusal contact area between the
stable group and the unstable group were compared. Because there was
a level where normality was not recognized by the Shapiro-Wilk test,
the median percentage of the high value side with respect to the total
occlusal contact area was compared using the Mann-Whitney U test.

Finally, for the static standing posture and the standing forward-
bending posture, the differences in spinal alignment due to the presence
or absence of clenching ortheocclusal balance was analyzed using a
split-plot design. The factors that showed a significant difference were
compared using a paired t-test because normality was observed at each
level.

Results

Table 1 shows the test results for relative and absolute reliability.
The results of the Bland-Altman analysis of evaluation data showed no
fixed or proportional biases. All ICC (1,1) showed high values, and the
results of the decision study indicated that two repeated measurements
were required to obtain a confidence coefficient of 0.9 or higher.

Figure 2 shows a comparison of the median percentages on the high
side of the total occlusal contact area. The laterality of the occlusal
contact area was significantly smaller in the stable group than in the
unstable group (P<0.01).

Table 2 and figure 3 shows the test results of the split-plot design
according to the clenching condition and the occlusal balance of spinal
alignment in the static standing posture. No significant differences
were observed in the factors according to clenching condition or
occlusal balance in any of the spinal alignments.
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Table 1: Relative and absolute reliability of spinal alignment. Thoracic Kyphosis Angle (TKA), Lumbar Lordosis Angle (LLA), Sacral Slope Angle (SSA), and
Spinal Inclination Angle (SIA) were measured using the Spinal Mouse. A: static standing posture, B: standing bending-forward posture.

A

Bland-Altman analysis
Fixed bias Proportional bias
ICC(1,1) 95% Cl (degree) 95% CI Uncorrelated test
P-Value | MDC_ (degree)
Lower limit value | Upper limit value Lower limit value | Upper limit value r P-Value
TKA 0.849 0.731 0.916 <0.001 2.99 -0.30 1.70 0.163 0.275
LLA 0.882 0.789 0.934 <0.001 3.76 -1.10 2.12 0.164 0.272
SSA 0.847 0.726 0.915 <0.001 2.95 -1.48 0.67 0.161 0.280
SIA 0.842 0.718 0.912 <0.001 1.65 -0.36 0.78 0.004 0.978
ICC (1,1): Intra-rater Reliability
95% Cl: 95% Confidence Interval
MDC,,: 95% Minimal Detectable Change
B
Bland-Altman analysis
Fixed bias Proportional bias
ICC(1,1) 95% CI (degree) 95% CI Uncorrelated test
P-Value | MDC_ (degree)
Lower limit value | Upper limit value Lower limit value | Upper limit value r P-Value
TKA 0.878 0.791 0.930 <0.001 3.19 -1.16 1.55 0.228 0.122
LLA 0.913 0.850 0.951 <0.001 3.93 -2.50 0.33 0.208 0.160
SSA 0.889 0.826 0.942 <0.001 3.01 -2.26 0.39 0.219 0.139
SIA 0.969 0.946 0.983 <0.001 2.38 -2.53 0.31 0.070 0.642

ICC (1,1): Intra-rater Reliability
95% Cl: 95% Confidence Interval
MDC,,: 95% Minimal Detectable Change

Table 3 and figure 4 show the test results of the split-plot design
** P<0.01 based on the clenching condition and the occlusal balance of spinal
80 alignment in the standing forward-bending posture. Differences while
M clenching and while relaxed were observed in LLA, SSA, and SIA,
75 | ** ax and the values were higher while relaxed. In addition, the significant
Qs differences between levels were all larger than those of MDC, and
g 0l Q, were judged to be true changes.
1 & . . .
% T Discussion and Conclusion
- 65 Min
ks The results of this study showed that spinal alignment is affected by
§ co | clenching. Therefore, the null hypothesis was rejected.
©
g When investigating the influence of clenching on spinal alignment,
© I . . . .
8§ 55 differences in the occlusal contact status among participants might
E influence the measurements in the clenching condition. This is because,
50t favorable occlusal balance or evenness of occlusal contact achieved by
wearing a mouthguard affects postural control [6,12-14]. Thus, this
45 , study divided participants into a stable group and an unstable group
Stable group  Unstable group depending on the differences in occlusal contact area between the
right and left sides, confirmed that there were significant differences
Figure 2: Comparison between the stable and unstable groups in in the occlusal contact status between the groups, and investigated the
terms of the median percentages on the side of the higher value influence of clenching on spinal alignment.
relative to the total occlusa.l cgntact area. LefF-nght differences in In the static standing posture, there were no significant differences
occlusal contact area were significantly smaller in the occlusal stable . . . . -
) ) in spinal alignment between the clenching and relaxed conditions or
group than in the unstable group. Max: highest value, Q3: upper . .

. . . ) i~ by occlusal balance status. Spinal curvature tends to be established
quartile, Q2: median, Q1: lower quartile, Min: lowest value. **: ith the devel ¢ i ) | and b
statistical significance (critical region; P<0.01). wit . the deve o.pment of standing postura contr.o an .can N

modified by environmental factors (e.g., posture while working and
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Table 2: Results of the split-plot design in the static standing posture. A:
Thoracic Kyphosis Angle (TKA), B: Lumbar Lordosis Angle (LLA), C: Sacral
Slope Angle (SSA), D: Spinal Inclination Angle (SIA).

A

Source SS‘ df‘ MS‘ F value‘ P value
Clenching or relaxing condition

A 1.517 1 1.517 0.155 0.696
Error (A) 440.228 45 9.783

Occlusal balance

B 65.179 1 65.179 0.962 0.332
AxB 3.687 1 3.687 0.377 0.542
Error (B) 3049.034 45 67.756

SS: Sum of Squares; df: Degree of Freedom; MS: Mean Square

B

Source SS‘ df‘ MS‘ F value‘ P value
Clenching or relaxing condition

A 6.600 1 6.600 0.853 0.361
Error (A) 348.209 45 7.738

Occlusal balance

B 0.329 1 0.329 0.006 0.937
AxB 3.536 1 3.536 0.457 0.503
Error (B) 2322.905 45 51.620

SS: Sum of Squares; df: Degree of Freedom; MS: Mean Square

C

Source SS‘ df‘ MS‘ F value‘ P value
Clenching or relaxing condition

A 3.228 1 3.228 0.422| 0.519
Error (A) 344.177 45 7.648

Occlusal balance

B 5.168 1 5.168 0.290, 0.593
AxB 0.249 1 0.249 0.033| 0.858
Error (B) 801.386 45 17.809

SS: Sum of Squares; df: Degree of Freedom; MS: Mean Square

D
Source SS ‘ df ‘ MS ‘

F value‘ P value

Clenching or relaxing condition

A 0.025 1 0.025 0.019| 0.891
Error (A) 60.209 45 1.338

Occlusal balance

B 10.045 1 10.045 1.941| 0.170
AxB 0.281 1 0.281 0.210| 0.649
Error (B) 232.828 45 5.174

SS: Sum of Squares; df: Degree of Freedom; MS: Mean Square

lifestyle) [23,24]. In the relaxed condition, all participants showed
typical spinal alignment, indicating that the healthy adult population
selected as participants in this study represented the standard
population. Conscious postural control is not required to maintain the
quiet standing posture, but fascial tension contributes to it [25]. The
activity of antigravity muscles is low [26]. For these reasons, muscles
that function upon clenching might not have a large effect on postural
control and thus no effect on spinal alignment.

Meanwhile, it has been reported that there are differences between
the sexes in the characteristics of spinal movement when bending the
trunk forward, and this can have an effect on dorsal abdominal muscle
activity [27,28]. It has also been reported that antigravity muscles work
to control the standing posture with respect to the forward leaning
posture and these muscles increase the sensitivity of somatosensory
input [8,9]. Clenching reinforces the skeletal muscles of the limbs in
order to stabilize the direction of the body [29]. The masseter muscle
belonging to the Deep Front Line (DFL) and the sternocleidomastoid
muscle belonging to the Lateral Line (LTL), Superficial Front Line
(SFL), and Superficial Back Line (SBL) contribute to the stabilization of
the body [30,31]. Favorable occlusal balance supports the stabilization
of the trunk, and thus, clenching is advantageous for movements
that involve mainly the retention of the trunk [6,13]. However, the
stabilization of the trunk by muscles and fasciae does not have a
favorable effect during movements that require trunk flexion. Also,
given that the sternocleidomastoid muscle is involved in orienting the
head in relation to the trunk and head movements, and its activity
positively correlates with the force applied on teeth [32-34], clenching
may influence the muscles and fasciae in the LTL, SFL, and SBL. Taken
together, occlusal state (clenching/relaxing and occlusal balance) is
likely to influence the curvature and the range of motion of the spine.
Among the muscles associated with the spine, deep trunk muscles with
insertion and origin at the spine are involved in the control of lumbar
curvature and mechanical stability between the vertebral bodies [35].
Because these muscles belonging to the DFL, the actions of the local
system [35] may be influenced by occlusion. Also, the stability of the
head is supported by masticatory muscles, neck muscles, and shoulder
muscles, which act as antigravity muscles, and the neck muscles work
in coordination with the abdominal muscles [26,32]. These facts
support the association between the SFL and trunk stability [30,31].
This study showed significantly low LLA, SSA, and SIA in the standing
forward-bending posture in the clenching condition. This is likely due
to clenching-induced activity of the abdominal muscles that connect
to the DFL and SFL as well as the activity of dorsal muscles in the SBL
that contribute to trunk stability. Occlusal balance has a positive effect
on the physical abilities exerted by the stabilization of the trunk [6].
However, trunk flexion is not achieved by contracting or tightening
muscles and fasciae but is rather by relaxing them. This may explain
why occlusal balance did not have an impact on spinal alignment in the
standing forward-bending posture. Each spinal alignment component
showed different results, and this can be considered according to the
anatomical features of the body. Movement of the thoracic spine is
restricted by the costovertebral joints and sternocostal joints adjacent
to the thoracic intervertebral joint [33], and thus, the influence of the
muscles and fasciae associated with occlusion on thoracic curvature is
likely to be small. In contrast, in the lumbar spine, the joint components
are largely restricted in the rotation and lateral flexion of the trunk, but
those are less restricted in the flexion and extension movements and
are easily affected by muscles [33]. This may explain why clenching
did not influence the thoracic curvature but did influence the lumbar
curvature through muscles and fasciae associated with clenching.
Also, SSA reflects the pelvic tilt, which corresponds to the hip joints

Citation: Takahashi M, Bando Y, Fukui T, Maruyama A, Sugita M (2021) Effect of Clenching on Spinal Alignment in Normal Adults. Int J Dent Oral

Health 8(1): dx.doi.org/10.16966/2378-7090.386



&ch Forschen

pen HUB for Scientific Researc

A 80 r C 20 -
60 15 |
=) —
[} =]
Z a0 | + I I [] Clenching % 10 [] Clenching
< — -
X Relaxing < Relaxing
= w
w
20 | 5 |
0 L ! 0 L
Stable group Unstable group Stable group Unstable group
B Stable group Unstable group D 10 r
0 T
8 -
10 |t
['] Clenching § 6 [ Clenching
% 20 Relaxing Z Relaxing
= <
- -30 | [
2 -
40 b
0 1
-50 - Stable group Unstable group
Figure 3: Differences in spinal alignment due to occlusion in the static standing posture. Measurements are expressed as means + SD. Error
bar indicates standard error of the mean. No significant differences were observed between the clenching and relaxing condition in any spinal
alignment. In addition, no significant differences were observed between the stable and unstable groups. A: Thoracic Kyphosis Angle (TKA), B:
Lumbar Lordosis Angle (LLA), C: Sacral Slope Angle (SSA), D: Spinal Inclination Angle (SIA).

Table 3: Results of the split-plot design in the standing bending-forward posture. A: Thoracic Kyphosis Angle (TKA), B: Lumbar Lordosis Angle (LLA), C:
Sacral Slope Angle (SSA), D: Spinal Inclination Angle (SIA).

A B

Source SS‘ df‘ MS‘ Fvalue‘ P value Source SS‘ df‘ MS‘ Fvalue‘ P value
Clenching or relaxing condition Clenching or relaxing condition

A 9.905 1 9.905 0.518 0.476 A 667.477 1 667.477 49.042| <0.001%*
Error (A) 860.946| 45 19.132 Error (A) 612.459 45 13.610

Occlusal balance Occlusal balance

B 18.981 1 18.981 0.116 0.735 B 30.007 1 30.007 0.235 0.630
AxB 6.714 1 6.714 0.351 0.557 AxB 34.414 1 34.414 2.529 0.119
Error (B) 7373.019| 45| 163.845 Error (B) 5749.418 45 127.765

SS: Sum of Squares; df: Degree of Freedom; MS: Mean Square SS: Sum of Squares; df: Degree of Freedom; MS: Mean Square

**Pp < 0.01: denotes statistical significance
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Error (B) 4324.386 45 96.097 Error (B) 23611.055 45 524.690
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Figure 4: Differences in spinal alignment due to occlusion in the standing bending-forward posture. Measurements are expressed as means + SD.
Error bar indicates standard error of the mean. **, *: statistical significance (critical region; **P<0.01, *P<0.05). In LLA, SSA, and SIA, the relaxing
condition showed significantly higher values compared with clenching condition. The same tendency was observed in the stable and unstable
groups. However, no significant differences were observed between the stable and unstable groups. A: Thoracic Kyphosis Angle (TKA), B: Lumbar
Lordosis Angle (LLA), C: Sacral Slope Angle (SSA), D: Spinal Inclination Angle (SIA).
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that move with the pelvis in a coordinated manner when the knee
joints are extended. The muscles and fasciae surrounding the sacrum
are in the SBL, which is used to maintain the standing posture and
to restrict trunk flexion [30,31]. In this study, SSA was lower in the
clenching condition, suggesting that clenching might have contributed
to the restriction of pelvic tilt and hip flexion when the trunk was
flexing. SIA was also lower in the clenching condition. Taken together,
these findings suggest that clenching influences the alignment of the
spine during trunk flexion and restricts the flexion of the body, thereby
contributing to the stability of the trunk.

This study has several limitations. First, the participants were
limited to healthy men, and thus, differences according to sex, age, and
disease status were not examined. In addition, differences according
to clenching intensity were not investigated. Differences in spinal
movement during forward bending of the trunk between men and
women [27] as well as the influence of antigravity muscle activity [28]
have been reported, and these factors need to be investigated in the
future.

Data Availability

The datasets collected and/or analyzed during the current study are
available from the corresponding author on reasonable request.
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