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Table 4. Cont.

Variables Intervention (n = 188) Control (n = 183)
Improved  Worsened  p-Value’ Improved Worsened  p-Value’
Categorical variables
cr13 33(17.6)° 25 (13.3) 0.358 32 (17.5) 26 (14.2) 0.512
Have you had any problems with work performance because of oral diseases?
9(4.8) 7(3.7) 0.804 10 (5.5) 5(2.7) 0.302
Do you have a family dental doctor?
13 (6.9) 5(2.7) 0.096 18 (9.8) 12 (6.6) 0.362
Does your work disturb you going to dental clinic?
26 (13.8) 18 (9.6) 0.291 25 (13.7) 20 (10.9) 0.551
Do you brush your teeth in your workplace?
30 (16.0) 16 (8.5) 0.003 22 (12.1) 19 (10.4) 0.256
Do you eat snack food between meals?
27 (14.4) 26 (13.8) 0.997 18 (9.8) 28 (15.3) 0.403
Do you smoke tobacco?
4(2.1) 7(3.7) 0.392 8(4.3) 7 (3.8) 0.978
Do you brush your teeth before going to bed?
13 (6.9) 4(2.1) 0.132 13 (7.1) 10 (5.4) 0.733
Do you use fluoride toothpaste?
53 (28.2) 7 (8.0) <0.001 35(19.1) 22 (12.0) 0.076
Do you use interdental brushes/dental floss?
50 (26.6) 7(3.7) <0.001 26 (14.2) 15(8.2) 0.049
Have you received tooth brushing instruction at a dental clinic?
24 (12.8) 7(3.7) 0.003 16 (8.7) 10 (5.5) 0.327
Have you received an oral examination in the past year at a dental clinic?
28 (14.9) 11 (5.9) 0.009 32 (17.5) 10 (6.5) 0.001

! Debris index-simplified; 2 Percentage of bleeding on probing; > Community periodontal index; * Mean =+ standard
deviation; ° n (%); ® Paired t-test; 7 McNemar test or McNemar-Bowker test.

Oral health behavioral interventions are not invasive. Therefore, there were no study-related
serious adverse events in this study. Furthermore, outcomes did not change after the trial commenced.

4. Discussion

To the best of our knowledge, this was the first study to assess changes in work performance
after oral health-related behavioral modification intervention. The study design was reliable as
examinations were performed blinded, participants were quasi-randomly (alternate allocation)
separated into either an intervention group or a control group, and the sample size was sufficiently
large. Unfortunately, this intervention did not improve work performance, and there are several
reasons for this. In a previous study [21], it was reported that work performance is mainly influenced
by pain from oral diseases. In this study, there was a significant association between work performance
and oral pain (baseline, p = 0.002; follow-up, p = 0.019; chi-squared tests; data not shown). However,
there was no significant difference in the decrease in oral pain between the intervention and control
groups (p > 0.05). A previous study showed that a combination of professional oral hygiene treatment
and oral hygiene instructions contributed to a decrease in gingival-related pain [22]. Thus, in the future,
we should investigate whether a combination of professional oral hygiene treatment and oral health
instruction improves work performance.
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Oral health-related behavioral modification intervention improved oral health behavior but not
oral health status. A systematic review showed that oral hygiene instruction had short-term and
long-term effects [10]. The short-term effects were improving knowledge, attitudes, self-efficacy, oral
health behavior, and theory constructs. The long-term effects included improving the number of
decayed teeth, plaque score, BOP, and gingival condition [10]. The results of this study may be
included in the short-term effects. Menegaz et al. suggested that a follow-up time of less than one
year led to a lack of efficacy for educational intervention [23]. In addition, Oshikohji et al. reported
that workers who had more participation time for oral examination and oral health instruction had
better periodontal condition than those with less time [24]. If the duration of this study and/or the
frequency of instruction was increased, oral health status might improve.

The intervention in this study was advantageous as it included some of the known factors
that lead to behavioral modification. We explained why the workers should change their
behavior (prompt intention formation), let the workers set goals independently (prompt specific
goal setting), and checked their improvement and prompted them to reconsider their goals
(prompt self-monitoring of behavior and prompt review of behavioral goals) [12,13]. Goals to improve
oral status were also set based on individual situations in this study. These concepts were supported by
a previous study [25]. Finally, the intervention time was short (5 min), a factor which may be effective
in workplaces to improve oral health behavior.

There were 17 participants who had problems with work because of tooth or gum disease
(4.6% of participants) at baseline. These conditions agree with the prevalence of poor work performance
caused by oral pain in previous studies, which ranged between 1.0-7.6% [25-28]. The percentage in
this study was within this range. However, the job sector of participants in this study was skewed.
The percentage of workers who belonged to the tertiary industry sector was high (83%), and there were
no workers from the primary industry sector. Therefore, we should exercise caution when applying
our results more generally.

There were some limitations with regard to the interpretation of these results. First, although
most of the participants visited a dental clinic during the study period, the type of dental health
instruction they received was not confirmed. The intensity of instruction may have affected the results.
Second, the follow up rate was not high (approximately 60.7%). As >20% loss would pose a serious
threat [29], the high percentage of loss to follow-up may have affected our results. In the intervention
group, the ratios of work performance, oral status, and oral health behavior were not significantly
different between the analyzed and non-analyzed workers (188 vs. 85 workers, chi-squared test and
non-paired t-test, p > 0.05). However, in the control group, the percentage of those using interdental
brushes/dental floss was significantly different (183 vs. 90 workers, chi-squared test, p = 0.034).
In the control group, use of interdental brushes or dental floss might have been improved because
more workers who did not use these were not analyzed. Other limitations include the short-term
scale of the study period and the fact that this was not a randomized trial.

5. Conclusions

In conclusion, oral health-related behavioral modification intervention improved oral health
behavior, but not work performance in Japanese workers.
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Abstract: For oral health in the workplace, dental examinations for the early detection of oral diseases
have been mainly conducted. In order to shift from conventional dental examination programs to those
for investigating environmental risks and promoting behavioral changes, the Japan Dental Association
developed a new oral health examination, assessment, and health instruction program for adults.

The aim of this study was to evaluate how dental examination and health instruction based on this
program improved health-promoting behavior compared with the traditional dental examination program.

Subjects were recruited from employees of three companies in Niigata City (n=129; 44.6=11.5 years
old). They were randomly divided into an intervention group and a control group. For the intervention
group, dental examination and health instruction, based on the program newly developed by the Japan
Dental Association, were conducted, whereas only a dental examination was conducted for the control
group. Questionnaire surveys were performed at the baseline and 3 months, 6 months, and 1 year later
to evaluate behavioral changes.

As a result, “tooth brushing at the workplace and outside home”, “use of fluoride-containing denti-
frice”, and “use of interdental brush or dental floss” were significantly improved in both groups. In the
intervention group, changes were noted at all time points until 1 year later, but changes were limited
and only seen at some time-points in the control group.

This study revealed that the conventional dental examination program only marginally improves health
behavior, but the new dental examination and health instruction program more markedly improves such
behavior and its effects persist for at least 1 year.
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Masticatory Performance Measured with a Chewing Gum
Containing Spherical Resinous Microparticles

Toshiya Kanazawa, Takashi Zaitsu, Masayuki Ueno, Yoko Kawaguchi

Department of Oral Health Promotion, Tokyo Medical and Dental University, Tokyo, Japan

Objective: This study aimed to investigate the factors associated with masticatory performance, as measured with a chewing
gum containing spherical resinous microparticles, and to evaluate the method by examining the relationship with self-re-
ported masticatory status.

Methods: The participants in this study comprised 903 industrial workers (mean age, 42.2+11.6 years). A questionnaire was
administered to assess self-reported masticatory status. The masticatory performance score was calculated by counting the
number of particles in the chewing gum. Clinical oral examinations were administered. Multiple linear regression analysis
was conducted on the masticatory performance scores to examine the related factors. Analysis of covariance was conducted
to investigate the association between the masticatory performance score and the self-reported masticatory status.

Results: Significant predictors of the masticatory performance score were sex (p<0.001), age (p <0.001), decayed teeth
(p=0.009), total-functional tooth units (p < 0.001), periodontitis (p=0.003), and malocclusion (p=0.011). The relationship be-
tween the masticatory performance score and the self-reported masticatory status was attenuated after controlling for confound-
ing factors.

Conclusion: The masticatory performance increased with age and decreased as the oral health status worsened. Using this chew-
ing gum method partly, but not comprehensively, reflects masticatory performance. Therefore, various masticatory perform-
ance-related indexes should be employed to measure masticatory performance accurately.

Keywords: masticatory performance, measurement, oral health status, self-reported masticatory status, chewing gum

Introduction

Mastication is the first step in a series of physiological food
digestion processes which include cutting the food, mixing it
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with saliva, and preparing the food bolus for swallowing. This
process is complex, and stomatognathic organs and structures,
such as teeth, periodontal tissue, tongue, maxillofacial muscle,
gnathic bone, and nervous system work in concert.

The main role of mastication is to reduce the particle of in-
gested food and to support digestion, absorption, and nutrition
intake [1]. Furthermore, mastication prevents overeating by
stimulating the satiety center of the brain [2]. Previous studies
report that the proportion of metabolic syndrome [3] or diabetes
[4] or hypertension [5] was higher in individuals with poor mas-
tication than in healthy individuals. Another study demon-
strated that good masticatory performance decreased stress [6].

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Mastication affects physical health and mental health; there-
fore, it is important to maintain and to improve masticatory per-
formance for a lifetime.

As amethod to subjectively assess masticatory performance,
self-reported questionnaires have been employed to inquire
about masticable food [7,8] or masticatory status [9]. However,
a sieving method that measures the percentage or distribution
of masticated particles of peanuts or silicon tablets [10-19] and
a mixing test that evaluates color change or the amount of dis-
solved glucose from a chewing gum or gummy jelly [3,4,6,11,20-25]
have been used to estimate masticatory performance objecti-
vely. The sieving method and mixing test have been applied to
estimate the improvement in mastication after prosthetic treat-
ment [16], periodontitis treatment [17], or malocclusion treat-
ment [10].

However, the aforementioned methods evaluate only a por-
tion of mastication rather than the whole masticatory perform-
ance [26,27]. Thus, it is preferable to use a technique or a method
that can more comprehensively estimate masticatory perfor-
mance.

A chewing gum containing spherical resinous microparticles
has been developed to measure masticatory performance. By
calculating the proportion of broken particles in the chewing
gum after mastication, masticatory performance can be
measured. Very few studies have examined masticatory per-
formance by using this chewing gum; therefore, the applic-
ability of the gum has not been fully assessed. Therefore, the
current study aimed to investigate the factors associated with
masticatory performance, as measured with the chewing gum,
and to evaluate the method by examining the relationship be-
tween masticatory performance and self-reported masticatory
status.

Materials and Methods

1. Study participants

The study participants were industrial workers from 10 com-
panies in Japan. Among 948 participants (741 men and 207
women) who participated in the study, 903 (709 men and 194
women) were used in the final analysis, after excluding edentate
participants and workers with missing information about study
variables. A self-administered questionnaire, masticatory per-
formance measurement, and clinical oral examinations were
conducted from 2015 to 2016.

All participants agreed to participate in the study and signed
an informed consent form after the research investigators ex-
plained the study procedure. This study protocol was approved
by the Ethical Review Board of Tokyo Medical and Dental

University (N0.D2014-139-01).

2. Questionnaire

A self-administered questionnaire asked the participants
about sex, age, and masticatory status. The self-reported masti-
catory status was assessed by using the question “Can you bite
tightly with your back teeth or dentures?”, and the participants
responded with one of the following three answers: “I can bite
on both sides” (good mastication), “I can bite on only one side”
(fair mastication), and “I can’t bite on either side” (poor masti-
cation).

3. Objective masticatory performance

The masticatory performance was evaluated using 1.0 g of
chewing gum measuring 20.0%12.0x5.0 mm (Welcome Gum;
Examastica Co., Tokyo, Japan). The gum contains 2,159+28
spherical carnauba wax microparticles of 250-300 um in
diameter.

The participants were instructed to freely chew the gum 25
times in 25 seconds. The particles in the chewing gum were
crushed into small pieces when pressed under a weight of >50
g. After chewing, the gum was stretched by a specific com-
pressor and the number of remaining particles in an arbitrary
area was counted with dedicated software (Examastica Co.).
The number of remaining particles in the whole gum was esti-
mated by the proportion of the area counted to the whole area.
A masticatory performance score, based on the proportion of
broken particles induced by one-time chewing, was calculated
by comparing the number of particles before and after chewing
25 times.

The algorithm for the masticatory performance score calcu-
lation was as follows. The number of broken particles after
one-time chewing is exponential; therefore, the proportion of
remaining particles after chewing 25 times, p (%), is presented
as (1 —p/ 100)25. Assuming K is the mean number of particles
in a counted area before chewing, and X is the mean number
of remaining particles in the counted area after chewing 25
times, then X/K is (1 —p/100)*, and p is [1 — (X/K)"*]x100.

4. Oral examination

Clinical oral examinations were conducted by six dentists,
who were calibrated regarding the examination criteria before
the study. The dentition status, excluding the third molars, was
determined using a dental mirror and a World Health Organiza-
tion-type periodontal probe under an artificial light. Functional
tooth units (FTUs) were calculated as an indicator of the posteri-
or occlusal condition.

The FTUs were defined as the number of pairs of opposing
premolars and molars. Two opposing premolars were defined



International Journal of Clinical Preventive Dentistry

as one FTU and two opposing molars as two FTUs. Therefore,
FTUs ranged from 0 to 12.

In this study, three types of FTUs were computed. Natural
FTUs (n-FTUs) were calculated only from natural teeth and in-
cluded sound, restored, and carious teeth with occluding
function. FTUs consisting of natural teeth, implanted teeth, and
fixed prosthetic pontics were called nif-FTUs. Total-FTUs
comprised natural teeth, implanted teeth, fixed prosthetic pon-
tics, and removable prosthetic teeth.

Periodontal status was assessed with the modified Commun-
ity Periodontal Index (CPI). Six index teeth (17 or 16, 11, 26
or27,36 or 37,31, and 46 or 47) were examined by using the
following codes: Code 0, periodontal pocket depth <4 mm,;
Code 1, periodontal pocket depth of 4-5 mm; and Code 2, perio-
dontal pocket depth =6 mm. The highest CPI code among the
six index teeth was recorded as the representative value.
Individuals with CPI code 0 were classified as having no perio-
dontitis and individuals with CPI code 1 or 2, as having
periodontitis.

Malocclusion and temporomandibular disorders (TMDs)
were assessed by visual and palpatory examinations. Malocclu-
sion or TMDs was present if the dentist indicated the necessity

for a detailed examination or treatment.

5. Statistical analysis

Descriptive statistics of age and clinical oral health status
were computed, based on sex and the self-reported masticatory
status. The mean difference by age or self-reported masticatory

Table 1. Characteristics of the study participants

status was analyzed using the independent t-test, and dis-
tributional differences were analyzed using the chi-square test.
One-way analysis of variance and the Jonkheere-Terpstra trend
test were used to analyze the association between the mastica-
tory performance score and the self-reported masticatory
status. The relationship of the masticatory performance score
with age and with clinical oral health status were analyzed using
Pearson’s correlation coefficient and the independent t-test.

Multiple linear regression analysis was conducted on the
masticatory performance scores to examine the scores’ rela-
tionship with sex, age, and clinical oral health status. After con-
trolling for confounding variables, an analysis of covariance
was employed to investigate the association between the masti-
catory performance score and self-reported masticatory status.

PASW Statistics ver. 18.0 (IBM Japan, Tokyo, Japan) was
used for all statistical analyses. The significance level was set
at 5%.

Results

1. Characteristics of the study participants

Table 1 shows participants’ age and the clinical oral health
status by sex. The mean ages were 42.9+11.7 years in men and
39.8+10.9 years in women. The mean age was significantly
higher in men than in women (p<0.001).

The mean number of teeth was 26.7+2.7 teeth in men and
27.0£2.1 teeth in women. There was no significant difference

Characteristic Total (n=903) Men (n=709) Women (n=194) p-value
Age (yr) 42.2+11.6 429+11.7 39.8+10.9 <0.001
No. of teeth 26.7+2.6 26.7+2.7 27.0+2.1 0.065
DT 0.7+1.7 0.8+1.8 0.4+1.3 0.004
n-FTUs 10.5+2.6 10.4+2.6 10.8+2.3 0.033
nif-FTUs 10.9+2.3 10.8+2.4 11.2+1.6 0.003
Total-FTUs 11.0+2.0 10.9+2.1 11.2+1.6 0.030
Periodontitis

(+) 113 (12.5) 100 (14.1) 13 (6.7) 0.005

(—) 790 (87.5) 609 (85.9) 181 (93.3)

Malocclusion
(+) 75(8.3) 56 (7.9) 19 (9.8) 0.382
(—) 828 (91.7) 653 (92.1) 175 (90.2)

TMDs
(+) 18 (2.0) 11 (1.6) 7 (3.6) 0.082
(—) 885 (98.0) 698 (98.4) 187 (96.4)

Values are presented as mean + standard deviation or number (%). DT: decayed teeth, n-FTUs: natural teeth functional tooth units, nif-FTUs: natural,
implanted and fixed prosthetic pontic teeth functional tooth units, Total-FTUs: total teeth functional tooth units, TMDs: temporomandibular

disorders.
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The proportion of participants with periodontitis who re-
ported good, fair, and poor masticatory status was 10.8%,
20.2%, and 27.0%, respectively. The proportion of perio-
dontitis was significantly lower in participants reporting a good
masticatory status than in participants reporting a poor mastica-
tory status (p<0.001). There were no significant distributional
differences in malocclusion and TMDs, based on the self-re-
ported masticatory status. Similar results regarding the associa-
tion of self-reported masticatory status with age and clinical oral
health status were also observed in men.

3. Masticatory performance score, based on the
self-reported masticatory status

Table 3 presents the mean masticatory performance scores,
based on self-reported masticatory status. The overall mean
masticatory performance scores in participants reporting good,
fair and poor masticatory statuses were 1.38+0.47, 1.30+0.53,
and 1.10£0.42, respectively. The masticatory performance
scores showed a significant positive linear trend with the
self-reported masticatory status (p=0.002). A similar sig-

nificant positive linear trend was also found in men (p=0.003).

4. Masticatory performance score and related
factors

Table 4 presents the relationship of masticatory performance
score with age and clinical oral health status. Overall, the masti-
catory performance score had a significant positive correlation
with age (r=0.184, p<0.001), number of teeth (r=0.100,
p=0.003), n-FTUs (r=0.122, p<0.001), nif-FTUs (r=0.156,
p<0.001), and total-FTUs (r=0.144, p<0.001). There was a sig-
nificant negative correlation between the masticatory perform-
ance score and DT (r=—0.138, p<0.001).

The masticatory performance score was significantly lower
in participants with malocclusion (1.22+0.37) than in partic-
ipants without malocclusion (1.37+0.49; p=0.002). There were
no significant relationship of the masticatory performance
score with periodontitis or with TMDs. Similar results regard-
ing the association of the masticatory performance score with
age and clinical oral health status were also obtained in men.

Table 3. Masticatory performance score, based on the self-reported masticatory status

Total (n=903) Men (n=709) Women (n=194)
Variable
Mean +SD p for trend Mean +SD p for trend Mean +SD p for trend
Good 1.38+0.47 0.002 1.41+0.48 0.003 1.25+0.43 0.312
Fair 1.30+0.53 1.32+0.55 1.17+0.39
Poor 1.10+0.42 1.12+0.45 1.06+0.33
SD: standard deviation.
Table 4. Masticatory performance score and related factors
Variable Total (n=903) p-value Men (n=709) p-value Women (n=194)  p-value
Age (1) 0.184 <0.001 0.175 <0.001 0.155 0.031
No. of teeth (r) 0.100 0.003 0.119 0.001 0.046 0.525
DT (r) —0.138 <0.001 —0.159 <0.001 —0.106 0.140
n-FTUs (r) 0.122 <0.001 0.141 <0.001 0.087 0.226
nif-FTUs (1) 0.156 <0.001 0.184 <0.001 0.082 0.255
Total-FTUs (r) 0.144 <0.001 0.169 <0.001 0.074 0.308
Periodontitis (mean +SD)
(+) 1.28+0.46 0.058 1.28+0.47 0.018 1.23+0.37 0.954
(—) 1.37+0.48 1.41+0.49 1.24+0.43
Malocclusion (mean +SD)
(+) 1.22+0.37 0.002 1.21+0.38 <0.001 1.24+0.32 0.945
(—) 1.37+0.49 1.41+0.49 1.24+0.44
TMDs (mean +SD)
(+) 1.39+0.45 0.762 1.40+0.50 0.928 1.37+0.40 0.392
(—) 1.36+0.48 1.39+0.49 1.23+0.43

r: correlation coefficient, DT: decayed teeth, n-FTUs: natural teeth functional tooth units, nif-FTUs: natural, implanted and fixed prosthetic pontic
teeth functional tooth units, Total-FTUs: total teeth functional tooth units, SD: standard deviation, TMDs: temporomandibular disorder.
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Table 5. Predictors of the masticatory performance score

Variable B SE p-value
Sex —0.155 0.037 <0.001
Age 0.010 0.001 <0.001
DT —0.025 0.010 0.009
Total-FTUs 0.045 0.008 <0.001
Periodontitis —0.140 0.047 0.003
Malocclusion —0.139 0.055 0.011
TMDs 0.101 0.108 0.350

Multiple R=0.340, adjusted R?=0.109. SE: standard error of the mean,
DT: decayed teeth, Total-FTUs: total teeth functional tooth units,
TMDs: temporomandibular disorder.

5. Predictors of the masticatory performance
score

There were multicollinearities among the number of teeth,
n-FTUs, nif-FTUs, and total-FTUs. Therefore, in a multiple lin-
ear regression on the masticatory performance scores, the to-
tal-FTUs was chosen as an independent variable, as well as sex,
age, DT, periodontitis, malocclusion, and TMDs.

Table 5 presents the results of the analysis, which showed that
sex (B=—0.155, p<0.001), age (B=0.010, p<0.001), DT (B=
—0.025, p=0.009), total-FTUs (B=0.045, p<0.001), perio-
dontitis (B=—0.140, p=0.003), and malocclusion (B=—10.139,
p=0.011) were significant predictors of the masticatory per-
formance score. However, TMDs was not a significant contrib-
utor of the masticatory performance score.

6. Adjusted masticatory performance score,
based on the self-reported masticatory status

Table 6 shows the relationship between the adjusted mean
masticatory performance scores and the self-reported mastica-
tory status. The scores were adjusted for sex, age, DT, to-
tal-FTUs, periodontitis, and malocclusion, all of which were
significant predictors of the masticatory performance score,
based on the multiple linear regression. The adjusted mean mas-
ticatory performance scores for the good, fair, and poor self-re-
ported masticatory statuses were 1.37+0.02, 1.35+0.05, and
1.26+0.08, respectively. There was no significant linear rela-
tionship between the adjusted masticatory performance scores
and the self-reported masticatory status.

Discussion

This study evaluated a chewing gum containing spherical
resinous microparticles for measuring masticatory perform-
ance among Japanese industrial workers. The masticatory per-
formance was measured by calculating the number of particles

Table 6. Adjusted masticatory performance score, based on the
self-reported masticatory status

Variable Mean +SE p for trend
Good 1.37+0.02 0.182
Fair 1.35+0.05

Poor 1.26+0.08

Adjusted for sex, age, decayed teeth, total teeth functional tooth units,
periodontitis, malocclusion. SE: standard error of the mean.

in the chewing gum. The diameter of the particles was de-
termined to assume that teeth move approximately 100 mm dur-
ing mastication.

Since an existing material used in the sieving test is an ordi-
nary food, its quality is not uniform in case of using natural food
[27]. It is also possible that a one-time measurement is of low
quality; however, acquiring several measurements takes a long
time [19]. The mixing test is affected by mastication and by sali-
va flow [20]. However, the current gum-based material is homo-
geneous and is not influenced by saliva. Chewing a gum is not
a special activity for most people; therefore, they could produce
the performance measurement with little consciousness of mas-
tication [24]. Thus, it is possible to use the method to estimate
the masticatory performance in a standardized condition and in
a state that is close to natural mastication.

The masticatory performance using the current gum was as-
sociated with the clinical oral health status such as the number
of teeth, DT, FTUs, periodontitis, and malocclusion. Many
studies have demonstrated a positive association between mas-
ticatory performance and the number of teeth and occlusal units
such as FTUs [12,13,21,22]. These results suggest that the num-
ber of teeth and the functional occlusal support of teeth are fun-
damental elements in mastication.

The number of DT negatively affected masticatory perfor-
mance. A broken occlusal surface due to dental caries and
pain-contingent with dental caries may prevent normal
mastication. One study using a carrot or gummy jelly as the sieve
food also reported that masticatory function decreased if an in-
dividual had dental caries [11]. The authors of that study con-
jectured that the participant may have reflexively avoided the
pain that arose from dental caries.

A reason for the relationship between periodontitis and mas-
ticatory performance could be tooth mobility caused by ad-
vanced periodontitis. It has been reported that the occlusal force
and occlusal surface area in patients with periodontitis are
smaller than those of healthy individuals [28]. The decrease in
occlusal force and surface area may deteriorate masticatory
performance.

The masticatory performance of the participants with maloc-
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clusion was poorer than that of healthy individuals. Malocclu-
sion could aggravate the occlusal condition and reduce the oc-
clusal surface area. One study using a silicon tablet as the sieve
material showed that the masticatory performance of in-
dividuals with malocclusion was lower than that of healthy in-
dividuals because of the reduction of the occlusal surface area
and alteration of jaw movement due to the malocclusion [18].

In the current study, masticatory performance increased with
age, which could be related to a unique characteristic of the cur-
rently used chewing gum. The diameter of the particles in the
chewing gum is very small so that a tooth with a flat occlusal
surface is more favorable in crushing the particles, compared
with a pointed occlusal surface. The proportion or area of a worn
occlusal surface of the teeth increases with age because of the
progression of abrasion and attrition [29]. The occlusal contact
surface area increases accordingly [30,31]. Therefore, particles
in the chewing gum were more likely to be crushed by a flat oc-
clusal surface, and the masticatory performance consequently
increased with age.

In this study, the question “Can you bite tightly with your
back teeth or dentures?” was used to represent the self-reported
masticatory status. The validity of this question has been dem-
onstrated, and the response to the question was strongly asso-
ciated with Yamamoto’s chewing test results and with the clin-
ical oral health conditions. Participants reporting a good masti-
catory status could chew all 15 test foods and had a higher num-
ber of present teeth, molars, and FTUs [7].

The validity of the self-reported masticatory status was re-
confirmed in this study. The self-reported masticatory status
worsened as the number of teeth or three types of FTUs de-
creased and as the number of DT increased. A similar trend was
also observed for the periodontal condition. As the self-reported
masticatory status worsened, the proportion of participants
with periodontitis increased.

The relationship between masticatory performance and
self-reported masticatory status, as indicated with bivariate
analysis, disappeared after adjusting for confounding factors.
This finding suggested that, as with other existing methods, the
masticatory performance measured with the chewing gum re-
flected only a portion of the masticatory performance. Other
factors had a substantial effect on masticatory performance.

There were several limitations to this study. This study was
conducted as a part of a regular health check-up at each company
site; thus, the content of the oral examinations was limited.
Other mastication-related information such as occlusal contact
area, occlusal force, jaw movement, and mastication pattern
were therefore not collected. Furthermore, current industrial
workers were not necessarily the representative of the general
adult. However, the oral health status of the participants, whose

mean age was approximately 43 years, was similar to that of 40-
to 44-year-old individuals in the national oral health survey in
Japan [32].

Conclusion

A gum containing microparticles for measuring masticatory
performance was evaluated. The measurements revealed that
the masticatory performance increased with age and decreased
as the oral health status worsened. The association between
masticatory performance and the self-reported masticatory sta-
tus was attenuated after controlling for confounding factors.
These results indicated that, as with other existing methods, the
measurement method using this gum can partly, but not compre-
hensively, reflect masticatory performance. Therefore, to
measure the masticatory performance accurately, various mas-
tication-related indexes and chewing gum should be employed
simultaneously.
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The Impact of Oral Health on Work Performance of
Japanese Workers

Takashi Zaitsu, PhD, DDS, Tomoya Saito, DDS, Akiko Oshiro, PhD, DDS, Takeo Fujiwara, PhD, MPH, MD,
and Yoko Kawaguchi, PhD, DDS

Objective: The aim of this study was to investigate the association between
oral health and work performance measured as absenteeism and presentee-
ism. Methods: Study participants were employees (mean age: 42.7 +11.4
years) of 11 companies in Japan. Oral examination and self-administered
questionnaires provided information on industrial category, work schedule,
work performance (absenteeism and presenteeism), and smoking status.
Results: The proportion of absenteeism (2.7%) or presenteeism (6.8%) of
workers caused by oral health problems was low. Logistic regression analysis
showed that the risk of absenteeism due to oral health problems was not
significantly related to occupation or oral health status. However, the risk of
presenteeism caused by oral health problems was 2.01 (95% confidence
interval, 1.03 to 3.92) times higher among participants with periodontitis.
Conclusions: Periodontal disease is associated with presenteeism of work-
ers. It is considered that the periodontal disease countermeasure in the
workplace should be provided.

Keywords: absenteeism, occupational health, oral health, presenteeism,
work performance

BACKGROUND

bsenteeism and presenteeism have been used as indicators of
poor individual work performance. Absenteeism is defined as
absence from work attributed to disease or accident, whereas
presenteeism is implied when workers are dysfunctional by health
problems, but are physically present in the workplace.' Absentee-
ism and presenteeism are crucial measures for work productivity.®
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There is much research reporting that health condition and
stress of employees are associated with work performance.*~’
Previous papers relport that diseases such as rheumatoid arthri-
tis, ¥~ diabetes,'>"* and depression and anxiety'*'*> were associ-
ated with absenteeism and presenteeism among workers.

There are considerable studies which investigated the rela-
tionship between oral disease and work-related problems. They
reported associations between temporomandibular joint-related
pain and declining work performance,'® and frequent bruxism
and working stress.'” Moreover, perceived poor oral health status
was related to high levels of work-related stress.'®

However, there are few studies which investigated the rates of
absenteeism and presenteeism due to oral health problems and
workplace performance.'® Moreover, no studies have explored
the relationship between dental caries, periodontal disease, and
presence of natural teeth (the three most prevalent oral conditions)
and work performance, especially in its manifestation in absentee-
ism and presenteeism among Japanese workers.

The purpose of this study was to explore the proportion of
absenteeism and presenteeism caused by oral health problems of
Japanese workers, and to investigate the relationship between oral
health conditions such as dental caries, periodontal disease and
number of natural teeth present, and work performance using
absenteeism and presenteeism.

METHODS

Study Participants

Originally, we invited 2145 workers employed at 11 compa-
nies in Japan to take part in this study. Of these subjects, 1179
workers consented to participate in this research with completing a
self-administered questionnaire and underwent oral examinations at
their place of work. And the final sample used for the analysis
consisted of 1167 workers (878 males, 289 females, aged 19 to
70 years, mean age 42.7 &= 11.4 years) who had provided complete
data. The Research Ethics Committee of the Faculty of Dentistry,
Tokyo Medical and Dental University (No. 1152) approved the
study protocol.

Measurement

Each participant completed a self-administered questionnaire
containing these items: absenteeism due to general and oral health
problems was reported by the participants as (1) the number of days
absent from work due to general health problems in the past year,
and (2) the number of days absent from work due to oral health
problems in the past year (a half day absence was recorded as 0.5
days). Presenteeism caused by oral health problems was addressed
by the question, ‘‘have you had trouble working due to an oral health
condition in the past year?”’

Participants’ “industry” was trichotomized by the Japan
Standard Industrial Classification®® as (1) education and learning
support, (2) manufacturing, and (3) transport. We classified work
schedules as (1) daytime work only, (2) nighttime work or mixed
daytime and nighttime work, (3) flexible time work, and (4) others.
Smoking status was classified as (1) current smoker, (2) past
smoker, and (3) nonsmoker.
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A World Health Organization (WHO) periodontal probe and
a dental mirror were used to conduct the oral examinations with
visual and tactile inspection to assess oral health condition (dental,
periodontal, and oral hygiene status). Dental status was evaluated by
the number of natural teeth present and decayed teeth (DT). Also,
periodontal condition was evaluated using the Community Peri-
odontal Index (CPI) periodontal pocket code.>' The CPI divides the
dentition into six sextants, and the individual’s score was defined as
the highest score of each sextant (code 0: healthy; code 1: 4 to 5mm
deep periodontal pocket depth; and code 2: 6 mm or deeper peri-
odontal pocket depth). And participants with code X (missing index
teeth) in all sextants were excluded in this study. Also, we evaluated
oral hygiene status with the Simplified Debris Index (DI-S) of the
Simplified Oral Hygiene Index (OHI-S).?>~>*

Analysis

We divided the participants into two groups based on the
number of teeth present (<23 or >24), number of DT (0 or >1), and
severity of periodontal condition (CPI code 0: healthy group or 1 to
2: periodontitis group).

Logistic regression analysis was conducted using absentee-
ism (0: none, 1: 1 day and more) and presenteeism (0: no, 1: yes) due
to oral health problems as dependent variables, and age, sex,
industrial category, work schedule, the number of teeth present,
the number of DT, the CPI score, and DI-S as independent variables.
SPSS 23.0 (IBM, Tokyo, Japan) was used for all statistical analyses,
with the significance level set at P < 0.05.

RESULTS

Table 1 shows age, occupational parameters, smoking status,
and oral health condition by sex. Males were older than females.
There were more males in the transport industry than in the
manufacturing industry and education/learning support industries.
In work schedule differences, more males work at night than females.
Also, smoking was more common among males than among females.

Males had significantly more DT than females, and males
had poorer CPI scores than females. Moreover, DI-S was signifi-
cantly worse among males. However, the number of teeth present
did not differ significantly between males and females.

Table 2 shows the relationship between sex and work perfor-
mance. The number of participants absent from work due to general
health problems were 41.6%, with no significant difference between
males (40.7%) and females (44.3%). The number of participants
absent from work due to oral health problems was 2.7%, with no
significant difference between males (2.4%) and females (3.5%).
Moreover, the percentage of participants who practiced presentee-
ism due to oral disease was 6.8%, with no significant difference
between males (6.7%) and females (6.9%).

Table 3 shows the relationship between work performance
due to oral health problems and oral health status. There was no
significant association between the number of teeth present, DT, and
DI-S and absenteeism or presenteeism due to oral health problems.
However, periodontal disease was associated with presenteeism due
to oral health problems, though absenteeism was not associated.
There were significantly more participants who had presenteeism
due to oral health problems among those with periodontitis partic-
ipants (CPI code 1 to 2) (P=0.022).

Table 4 shows the risk of absenteeism due to oral health
problems by logistic regression analysis. No significant differences
were found between the risk of absenteeism and any independent
variables. We found that the risk of presenteeism due to oral health
problems was 2.01 (95% confidence interval, 1.03 to 3.92) times
higher in participants with CPI 1 to 2 than those with CPI 0
(Table 5). No significant difference was found for other
independent variables.

DISCUSSION

The study revealed that periodontal disease affected workers’
attendance more than did dental caries or the number of teeth
present. However, no oral disease affected employee absenteeism.

Periodontal disease is described as a silent disease. Reports
from previous studies indicate that periodontal disease, at early
stage, has fewer subjective sgmgtoms and effects on quality of life
than other dental diseases.”>™>’ However, several studies have
revealed that periodontal disease causes halitosis,”*2 and is related
to psychological stress or depression.’®®' These symptoms are
likely to influence social communications for workers in a company.
In addition, when the periodontal disease is exacerbated, the tooth

TABLE 1. Occupational Parameters, Smoking Status, and Oral Health Status by Sex

Total (N=1,167)

Male (N =878) Female (N =289)

Mean/N SD/% Mean/N SD/% Mean/N SD/% P
Age 42.7 11.4 43.5 11.5 40.4 10.6 <0.001
Industrial category
Education and learning support 261 22.4% 173 19.7% 88 30.4% <0.001
Manufacturing 659 56.5% 480 54.7% 179 61.9%
Transport 247 21.2% 225 25.6% 22 7.6%
Work schedule
Daytime work 902 77.3% 631 71.9% 271 93.8% <0.001
Nighttime work/Mixed daytime and nighttime work 191 16.4% 185 21.1% 6 2.1%
Flexible time work 47 4.0% 36 4.1% 11 3.8%
Others 27 2.3% 26 3.0% 1 0.3%
Smoking status
No 776 66.5% 531 60.5% 245 84.8% <0.001
Current 306 26.2% 272 31.0% 34 11.8%
Past 85 7.3% 75 8.5% 10 3.5%
No. of present teeth 27.7 33 27.6 3.5 27.9 2.6 0.109
No. of decayed teeth (DT) 0.8 1.9 1.0 2.0 0.5 1.3 <0.001
CPI periodontal pocket code
Code 0 (healthy) 1,048 89.8% 770 87.7% 278 96.2% <0.001
Code 1-2 (periodontitis) 119 10.2% 108 12.3% 11 3.8%
DI-S 0.6 0.5 0.7 0.5 0.4 0.3 <0.001

CPI, Community Periodontal Index; DI-S, Simplified Debris Index.
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TABLE 2. Work Performance by Sex

Total (V=1,167)

Male (N =878) Female (V=289)

Mean/N SD/% Mean/N SD/% Mean/N SD/% P
Absenteeism
Absent days
Due to general health problems 22 10.8 2.4 11.6 1.7 3.7 0.321
Due to oral health problems 0.03 0.23 0.03 0.25 0.03 0.15 0.678
Rate of absent person
Due to general health problems 485 41.6% 357 40.7% 128 44.3% 0.155
Due to oral health problems 31 2.7% 21 2.4% 10 3.5% 0.217
Presenteeism
Trouble at work due to oral health condition in the past year
Yes 79 6.8% 59 6.7% 20 6.9% 0.903
No 1,088 93.2% 819 93.3% 269 93.1%

mobility is caused, and the effect is given to mastication and
occlusion, and further lowering of the quality of life is caused.
Several cross-sectional studies reported that deterioration of peri-
odontal disease is related to physical weakness.*>~>* It has been
reported that periodontal disease could be linked to physical fitness
by acting on sensations of fatigue, which arise from a central
mechanism or from local factors at the muscle-tissue level,35 or
that periodontal inflammation may break the lining of the oral
mucosa, allowing commensal flora to enter the circulatory system
and behave as an op]gortunistic pathogen that may act as an
underlying mechanism.*? Physical fitness is important in the work-
place for people doing heavy physical work such as in the
manufacturing industry. People with severe periodontal disease
might be more dysfunctional due to these reasons. However, in
our study, periodontal disease did not lead to workers’ absenteeism
from their jobs. As the symptoms of periodontal disease were not
serious, the worker might not feel it necessary to be absent from
work, but have lower capacities to perform their normal duties such
as decreased ability of physical fitness or psychological stress.
Although dental caries and tooth loss did not influence
presenteeism or absenteeism of workers, caries is often associated
with pain,®®*” aesthetics,*®° and quality of life.**** Pain is usually
related to work concentration,*' but appearance is more likely to
influence work performance because sociability and aggressiveness
are connected with appearance. However, reduced work perfor-
mance due to dental caries was not observed in this study. The effect
on appearance and pain depends on the stage of caries,”’ which was
not investigated in this study. It was suggested that there were few

participants with severe caries and pain in our study. A detailed
investigation of the severity of dental caries is necessary in
the future.

Reduced work performance did not occur due to tooth loss.
Previous studies report that the number of teeth present affects
physical fitness** and quality of life.*> However, participants in
previous studies were older and had lost more teeth than those in this
study. Only 8.1% of participants were 60 years old and beyond, with
only 2.7% of participants have fewer than 20 teeth. It was consid-
ered that significant differences may appear in elderly participants
with greater tooth loss.

Our study indicated that both absenteeism and presenteeism
caused by oral health problems were very low among Japanese
workers. Japanese in general have a higher rate of dental treatment
compared with other countries** because Japan has a universal
public health insurance scheme which caters for both medical and
dental care. As a result, dental treatment is received willingly in
Japan. However, many people are poorly motivated to get periodon-
tal disease treatment compared with restorations and crowns for
dental caries and replacement of missing teeth, according to a report
on the consultation situation of dental clinics in Japan.*> Dental
caries and tooth loss can be detected and treated early, but peri-
odontal disease, because of its lack of symptoms, may not provide
sufficient motivation for a person/worker to seek dental care.>>~%’
Also, in this study, female workers had better oral health status than
male workers, and the social factors presented significant differ-
ences by sex. No sex differences were seen to be related with
absenteeism or presenteeism at work. Thus, the effect on

TABLE 3. Relationships Between Work Performance Due to Oral Symptoms and Oral Health Status

Absenteeism Presenteeism
Yes (N=31) No (N=1,136) Yes (N=179) No (N =1,088)
Mean/N SD/ % Mean/N SD/ % P Mean/N SD/% Mean/N SD/ % P
No. of teeth present
<23 1 1.3% 78 98.7% 0.426 7 8.9% 72 91.1% 0.444
>24 30 2.8% 1,058 97.2% 72 6.6% 1,016 93.4%
No. of decayed teeth (DT)
0 22 2.8% 763 97.2% 0.656 49 6.2% 736 93.8% 0.304
>1 9 2.4% 373 97.6% 30 7.9% 352 92.1%
CPI
Code 0 27 2.6% 1,021 97.4% 0.614 65 6.2% 983 93.8% 0.022
Code 1-2 4 3.4% 115 96.6% 14 11.8% 105 88.2%
DI-S 0.6 0.5 0.6 0.5 0.817 0.6 0.4 0.6 0.5 0.644

CPI, Community Periodontal Index; DI-S, Simplified Debris Index.
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TABLE 4. Logistic Regression Analysis With Absenteeism as the Dependent Variable

95% CI

Dependent Variables Odds Ratio Lower Upper P
Sex

Female (reference) 1.000

Male 0.736 0.322 1.685 0.469
Age 0.983 0.948 1.019 0.345
Industrial category

Education and learning support (reference) 1.000

Manufacturing 1.218 0.471 3.146 0.684

Transport 1.080 0.193 6.043 0.930
Work schedule

Daytime work (reference) 1.000

Nighttime/Mixed daytime and nighttime work - - - 0.995

Flexible time work 2.301 0.626 8.460 0.210

Other 1.285 0.107 15.477 0.843
Smoking

No (reference) 1.000

Past 2.153 0.562 8.245 0.263

Current 1.126 0.452 2.804 0.799
No. of present teeth

>24 (reference) 1.000

<23 0.739 0.089 6.149 0.780
No. of decayed teeth (DT)

0 (reference) 1.000

>1 0.922 0.403 2.111 0.848
CPI

Code 0 (reference) 1.000

Code 1-2 1.876 0.578 6.092 0.295
DI-S 1.180 0.515 2.704 0.695

CI, confidence interval; CPI, Community Periodontal Index; DI-S, Simplified Debris Index.
TABLE 5. Logistic Regression Analysis With Presenteeism as the Dependent Variable
95% CI

Dependent Variables Odds Ratio Lower Upper P
Sex

Female (reference) 1.000

Male 0.826 0.466 1.465 0.514
Age 0.995 0.972 1.018 0.648
Industrial category

Education and learning support (reference) 1.000

Manufacturing 1.644 0.795 3.398 0.180

Transport 2.354 0.875 6.333 0.090
Work schedule

Daytime work (reference) 1.000

Nighttime/Mixed daytime and nighttime work 0.766 0.338 1.736 0.524

Flexible time work 0.344 0.045 2.609 0.302

Other 0.670 0.133 3.379 0.628
Smoking

No (reference) 1.000

Past 1.257 0.527 2.996 0.606

Current 1.371 0.802 2.342 0.249
No. of present teeth

>24 (reference) 1.000

<23 1.042 0.429 2.533 0.927
No. of decayed teeth (DT)

0 (reference) 1.000

>1 1.226 0.739 2.033 0.429
CPI

Code 0 (reference) 1.000

Code 1-2 2.011 1.031 3.923 0.040
DI-S 0.857 0.506 1.119 0.564

CI, confidence interval; CPI, Community Periodontal Index; DI-S, Simplified Debris Index.
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presenteeism of periodontal disease was thought to be important
because periodontal disease was associated with more dysfunction
even when sex, age, and social factors were adjusted.

It is strongly suggested that oral health promotion programs
focused on periodontal disease prevention should be implemented in
workplaces. Because periodontal disease is an inflammatory reaction
of the gums caused by dental plaque, routine oral hygiene is likely to
prevent its development. Health education for oral self-care in the
workplace may have a major effect to prevent workers’ periodontal
condition. And this not only results in oral health promotion, but also
has prominent effects on the prevention of other physical diseases
such as diabetes,*® arteriosclerosis,*’ cerebral infarction,*® and myo-
cardial infarction.*’

There are limitations that need to be addressed in this study.
This study is a cross-sectional study, and the causal relationship
between dental diseases and presentation and absenteeism has not
been investigated. The relationship between periodontal disease
and presenteeism, which was found to be related in this study,
requires more detailed investigation including the time course.
Future research should target on more elderly workers with more
tooth loss to investigate the impact of tooth loss on the effects of
work performance. Also, a detailed investigation about how oral
diseases lead to discomfort and dysfunction at work should
be conducted.

CONCLUSIONS

This study revealed that the proportion of absenteeism or
presenteeism of workers caused by oral health problems was low
(<10%) to compare with general health problems. However, it was
proven that the periodontal disease was related to the presenteeism
of workers. Therefore, it is important to provide workplace oral
health promotion programs for the prevention of periodontal dis-
eases and to support workers to make favorable behavioral changes
leading to good oral health.

REFERENCES

1. Smith DJ. Absenteeism and “presenteeism’ in industry. Arch Environ
Health. 1970;21:670-677.

2. Saijo Y, Yoshioka E, Nakagi Y, et al. Social support and its interrelationships
with demand-control model factors on presenteeism and absenteeism in
Japanese civil servants. Int Arch Occup Environ Health. 2017;90:539-553.

3. Stromberg C, Aboagye E, Hagberg J, Bergstrom G, Lohela-Karlsson M.
Estimating the effect and economic impact of absenteeism, presenteeism, and
work environment-related problems on reductions in productivity from a
managerial perspective. Value Health. 2017;20:1058-1064.

4. Nigatu YT, Reijneveld SA, Penninx BW, Schoevers RA, Bultmann U. The
longitudinal joint effect of obesity and major depression on work perfor-
mance impairment. Am J Public Health. 2015;105:e80—e86.

5. Ivandic I, Kamenov K, Rojas D, et al. Determinants of work performance in
workers with depression and anxiety: a cross-sectional study. Int J Environ
Res Public Health. 2017;14. pii: E466.

6. Brey JK, Wolf TJ. Socioeconomic disparities in work performance following
mild stroke. Disabil Rehabil. 2015;37:106—112.

7. Baughman BC, Basso MR, Sinclair RR, Combs DR, Roper BL. Staying on
the job: the relationship between work performance and cognition in
individuals diagnosed with multiple sclerosis. J Clin Exp Neuropsychol.
2015;37:630—640.

8. Verstappen SM. Rheumatoid arthritis and work: the impact of rheumatoid
arthritis on absenteeism and presenteeism. Best Pract Res Clin Rheumatol.
2015;29:495-511.

9. Knies S, Candel MJ, Boonen A, et al. Lost productivity in four European
countries among patients with rheumatic disorders: are absenteeism and
presenteeism transferable? Pharmacoeconomics. 2012;30:795-807.

10. Braakman-Jansen LM, Taal E, Kuper IH, van de Laar MA. Productivity loss
due to absenteeism and presenteeism by different instruments in patients with
RA and subjects without RA. Rheumatology (Oxford). 2012;51:354-361.

11. Bansback N, Zhang W, Walsh D, et al. Factors associated with absenteeism,
presenteeism and activity impairment in patients in the first years of RA.
Rheumatology (Oxford). 2012;51:375-384.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. Zalewska U, Macioch T, Sobol E, et al. Absenteeism and presenteeism in a

population of patients with diabetic foot ulcers in Poland. Value Health.
2014;17:A351.

. Burton WN, Chen CY, Li X, Schultz AB, Abrahamsson H. The association of

self-reported employee physical activity with metabolic syndrome, health
care costs, absenteeism, and presenteeism. J Occup Environ Med.
2014;56:919-926.

. Wada K, Arakida M, Watanabe R, et al. The economic impact of loss of

performance due to absenteeism and presenteeism caused by depressive
symptoms and comorbid health conditions among Japanese workers. Ind
Health. 2013;51:482-489.

Bailey SK, Haggarty J, Kelly S. Global absenteeism and presenteeism
in mental health patients referred through primary care. Work. 2015;53:
399-408.

Suvinen TI, Ahlberg J, Rantala M, et al. Perceived stress, pain and
work performance among non-patient working personnel with clinical
signs of temporomandibular or neck pain. J Oral Rehabil. 2004;31:733—
7317.

. Ahlberg J, Rantala M, Savolainen A, et al. Reported bruxism and stress

experience. Community Dent Oral Epidemiol. 2002;30:405-408.

. Scalco GP, Abegg C, Celeste RK, Hokerberg YH, Faerstein E. Occupational

stress and self-perceived oral health in Brazilian adults: a Pro-Saude study.
Cien Saude Colet. 2013;18:2069-2074.

. Miotto MH, Silotti JC, Barcellos LA. [Dental pain as the motive

for absenteeism in a sample of workers]. Cien Saude Colet. 2012;
17:1357-1363.

Health expenditure and financing of OECD. Organization for Economic Co-
operation and Development (OECD). 2017. Availabe at: http://stats.oecd.org/
Index.aspx?DataSetCode=SHA. Accessed July 24, 2019.

World Health Organization. Oral health surveys: basic methods: World
Health Organization. 2013. Available at: internal-pdf://2974493261/WHO
Oral health survey 5th edition.pdf. Accessed July 24, 2019.

Moore BJ. Measuring treatment and scale bias effects by linear regression in
the analysis of OHI-S scores. J Dent Res. 1977;56:460—464.

Erickson JD. Statistical tests for the OHI-S and PI: a commentary. J Dent Res.
1973;52:36-39.

Durovic E, Markovska N, Martinukova B, Mincik J, Sutak J. [Correlation of
the Loe-Silness GI and the Green-Vermillion OHI-S]. Prakt Zubn Lek.
1986;34:33-37.

Zaitsu T, Ueno M, Shinada K, et al. Association of clinical oral health status
with self-rated oral health and GOHAI in Japanese adults. Community Dent
Health. 2011;28:297-300.

Buset SL, Walter C, Friedmann A, et al. Are periodontal diseases really
silent? A systematic review of their effect on quality of life. J Clin
Periodontol. 2016;43:333-344.

Andersson P, Hakeberg M, Karlberg G, Ostberg AL. Clinical correlates of
oral impacts on daily performances. Int J Dent Hyg. 2010;8:219-226.

Tanaka M, Yamamoto Y, Kuboniwa M, et al. Contribution of periodontal
pathogens on tongue dorsa analyzed with real-time PCR to oral malodor.
Microbes Infect. 2004;6:1078—-1083.

Bolepalli AC, Munireddy C, Peruka S, et al. Determining the association
between oral malodor and periodontal disease: A case control study. J Int Soc
Prev Community Dent. 2015;5:413-418.

Park HJ, Lee HJ, Cho SH. [Influences of oral health behaviors, depression
and stress on periodontal disease in pregnant women]. J Korean Acad Nurs.
2016;46:653-662.

Jaiswal R, Shenoy N, Thomas B. Evaluation of association between psy-
chological stress and serum cortisol levels in patients with chronic periodon-
titis—estimation of relationship between psychological stress and
periodontal status. J Indian Soc Periodontol. 2016;20:381-385.

Wakai K, Kawamura T, Umemura O, et al. Associations of medical status
and physical fitness with periodontal disease. J Clin Periodontol. 1999;26:
664-672.

Oliveira JA, Hoppe CB, Gomes MS, Grecca FS, Haas AN. Periodontal
disease as a risk indicator for poor physical fitness: a cross-sectional
observational study. J Periodontol. 2015;86:44—52.

Akhter R, Hassan NM, Moriya S, et al. Relationship between periodontal
status and physical fitness in an elderly population of nonsmokers in
Bangladesh. J Am Geriatr Soc. 2008;56:2368—-2370.

Ament W, Verkerke GJ. Exercise and fatigue. Sports Med. 2009;39:389—
422.
Brignardello-Petersen R. Active caries, consequences of untreated caries, and

tooth pain relate to only a small decrease in older adults’ quality of life. J Am
Dent Assoc. 2017;148:¢62.



Zaitsu et al

JOEM e Volume 62, Number 2, February 2020

37.

38.

39.

40.

41.

42.

Ardila CM, Agudelo-Suarez AA. Association between dental pain and caries:
a multilevel analysis to evaluate the influence of contextual and individual
factors in 34 843 adults. J Investig Clin Dent. 2016;7:410-416.

Solomon D, Katz RV, Bush AC, et al. Psychosocial impact of anterior dental
esthetics on periodontal health, dental caries, and oral hygiene practices in
young adults. Gen Dent. 2016;64:44—50.

Anson D. Periodontal esthetics and soft-tissue root coverage for treatment of
cervical root caries. Compend Contin Educ Dent. 1999;20:1043—-1046. 1048—
1050, 1052; quiz.

Chaffee BW, Rodrigues PH, Kramer PF, Vitolo MR, Feldens CA. Oral

health-related quality-of-life scores differ by socioeconomic status and caries
experience. Community Dent Oral Epidemiol. 2017;45:216—224.

Langley P, Muller-Schwefe G, Nicolaou A, et al. The impact of pain on labor
force participation, absenteeism and presenteeism in the European Union. J
Med Econ. 2010;13:662—-672.

Inui A, Takahashi I, Sawada K, et al. Teeth and physical fitness in a
community-dwelling 40 to 79-year-old Japanese population. Clin Interv
Aging. 2016;11:873-878.

43.

44.

45.

46.

47.

48.

49.

Niesten D, van Mourik K, van der Sanden W. The impact of having natural
teeth on the QoL of frail dentulous older people. A qualitative study. BMC
Public Health. 2012;12:839.

Ministry of Internal Affairs and Communications, Japan Standard
Industrial Classification. 2013. Available at: http://www.soumu.go.jp/
toukei_toukatsu/index/seido/sangyo/H25index.htm. Accessed July 24,
2019.

Lambruschini OA. [Motivation to the treatment and periodontal control]. An
Esp Odontoestomatol. 1975;34:385-412.

Nelson RG, Shlossman M, Budding LM, et al. Periodontal disease and
NIDDM in Pima Indians. Diabetes Care. 1990;13:836—840.

Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher S. Periodontal disease
and cardiovascular disease. J Periodontol. 1996;67:1123—1137.

Grau AJ, Becher H, Ziegler CM, et al. Periodontal disease as a risk factor for
ischemic stroke. Stroke. 2004;35:496-501.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflam-
mation, aspirin, and the risk of cardiovascular disease in apparently healthy
men. N Engl J Med. 1997;336:973-979.



HHE6

r 1 International Journal of /
3 Envi I R h
@ Erigonmental Researe WPy
Article
Influence of Occupational Stress and Coping Style on

Periodontitis among Japanese Workers: A
Cross-Sectional Study

Md Monirul Islam'”, Daisuke Ekuni'”, Toshiki Yoneda'”, Aya Yokoi *'' and Manabu Morita

Department of Preventive Dentistry, Okayama University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama 700-8558, Japan; p3a99050@s.okayama-u.ac.jp (M.M.L);
dekuni7@md.okayama-u.ac.jp (D.E.); de17057@s.okadai.jp (T.Y.); mmorita@md.okayama-u.ac.jp (M.M.)
* Correspondence: yokoi-al@cc.okayama-u.ac.jp; Tel.: +81-86-235-6712

check for

Received: 22 August 2019; Accepted: 18 September 2019; Published: 22 September 2019 updates

Abstract: The aim of this cross-sectional study was to evaluate the association between the influence
of occupational stress and coping style on periodontitis among Japanese workers. The study
sample included 738 workers (age range: 19-65 years) at a manufacturing company in Kagawa
Prefecture, Japan. To analyze occupational stress and coping style, all participants answered a
self-report questionnaire composed of items on their work environment and oral health behavior.
Oral examinations were performed by calibrated dentists. Among all workers, 492 (66.7%)
workers were diagnosed with periodontitis, and 50 (6.8%) were diagnosed with a high stress-low
coping condition. Significant differences (p < 0.05) were observed between the periodontitis and
non-periodontitis groups in terms of age, gender, body mass index, smoking status, daily alcohol
drinking, monthly overtime work, worker type, and stress-coping style. Logistic regression analysis
showed that a high stress-low coping condition was associated with an increased risk of periodontitis
(odds ratio: 2.79, 95% confidence interval: 1.05-7.43, p = 0.039). These findings suggest that a high
stress-low coping condition is associated with periodontitis among the 19-65 years of age group of
Japanese workers.

Keywords: occupational stress; coping; periodontitis; Japanese workers

1. Introduction

In recent years, occupational stress has become an increasingly serious problem around the
world [1]. Remarkable changes in working duration, job engagement, and type of working environment
have led to increased levels of occupational stress in workers [2]. The World Health Organization
considers occupational stress among workers a global epidemic and is actively seeking to ascertain its
severity [3]. Occupational stress is becoming a markedly serious problem among Japanese workers.
According to previous studies, more than 60% of Japanese workers have reported experiencing
work-related stress, and the number of workers with mental health problems has been rapidly
increasing [4,5].

Occupational stress has adverse effects on employment (e.g., absenteeism, lateness,
job dissatisfaction, and job turnover) [6-8]. Moreover, it contributes to poor physical and mental
health [9]. For instance, research has shown that occupational stress is associated with certain oral health
problems, including caries [10], periodontal disease [11], temporomandibular disorder, and halitosis [12].
Stress has long been regarded as an important predisposing factor for periodontal disease among
workers, and an association has been reported between periodontal disease and work-related stress
and dissatisfaction [13]. Coping is the response of the individual to control, minimize, or avoid the
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adverse and unpleasant effects of stress. According to Lazarus et al., an individual’s psychological and
physical well-being depends on coping strategies more than the frequency and intensity of stress [14,15].
Concurrently, the relationship between stress and individual coping styles has been shown to be
associated with periodontal disease. A 24-month prospective study involving chronic periodontitis
patients found that patients with an active coping style showed a lesser degree of disease advancement
than those with a passive coping style [16]. Furthermore, the effects of stress on periodontal disease can
be restrained by adequate coping behaviors [17]. Another study found that coping style had a protective
effect against tooth loss [18]. However, to our knowledge, no studies have explained the influence of
coping style against stress, especially workplace-induced occupational stress, on periodontal disease.

Therefore, the aim of the present cross-sectional study was to investigate the influence of
occupational stress and coping style on periodontitis among Japanese workers, and, thereby,
test the hypothesis that the balance between occupational stress and coping style is related to
periodontal disease.

2. Materials and Methods

2.1. Study Design and Participants

Anonymous data for this cross-sectional study were obtained from the workers of a Japanese crane
manufacturing company located in Kagawa Prefecture, Japan, for the years 2016-2018 (in February each
year). All workers received a routine general health checkup, including a voluntary dental checkup.
We distributed the questionnaires to the participants prior to health checkups and collected them during
the annual health checkups. A total of 1476 workers participated in the general health examinations,
among whom, those who received a voluntary dental checkup and completed a questionnaire (n = 855)
were enrolled in the study. After excluding those with incomplete questionnaires, we analyzed the
data of 738 (86.3%) workers. All participants provided informed consent at the time of their interview.

2.2. Job Category

We followed the job category criteria provided by the Ministry of Health, Labor, and Welfare of
Japan. According to these criteria, all participants were classified as office workers (e.g., computer
operators, clerks, secretaries) or skilled workers (e.g., factory workers, construction workers).

2.3. Assessment of Stress and Coping Style

In this study, we used the “Co-Labo57 +” questionnaire [19], which is composed of six parts
(parts A-F). Questions from parts A-D adopt the Brief Job Stress Questionnaire (BJSQ) to measure
occupational stress. The reliability and validity of the BJSQ was confirmed for Japanese workers [12,20,21].
The BJSQ is composed of 57 items used to assess job stressors (Part A, 17 items: e.g., psychological
job demands, job control), stress response (Part B, 29 items: e.g., psychological and physical stress
reactions), and buffering factors (Parts C and D, 11 items: e.g., social support at work). The BJSQ
program manual suggests criteria for categorizing stress levels [22]. High-stress was determined
as having the highest level of a stress reaction [criterion (i)] or a moderate level of a stress reaction,
along with having the highest job stressors (or lowest social support in the workplace) [criterion (ii)].
In this study, to calculate the stress reaction and job stressor scores, we summed the item scores from a
four-point Likert scale (from 1 = low stress to 4 = high stress). The scores ranged from 29 to 116 for
stress reactions (Part A) and from 26 to 104 for job stressors (Part B). The cutoff points were 77 for the
stress reaction score for criterion (i), 63 for the stress reaction score, and 76 for the job stressor score
for criterion (ii) [23]. If the score for criterion (i) or criterion (ii) was higher than the cutoff point, the
participant was classified as high stress.

Coping style was assessed using the remaining two parts (E and F). The participant was considered
to have a high coping style if the summed score was > 20 for part E or > 68 for part F.
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2.4. General Health and Lifestyles Assessment

All participants underwent a mandatory general health examination. Body weight and height
were measured to calculate body mass index (BMI), which was categorized as <25 or >25 kg/m2 [24].
In addition, the participants provided answers regarding their age, gender, and other lifestyle-related
factors, including job type (office or skilled worker), smoking status (current, never, or former), daily
alcohol drinking (yes or no), daily sleep duration (>6 or <6 h) [25], and amount of overtime work
(=40 or <40 h/month) [26]. The amount of overtime work was assessed by calculating total hours
worked minus the standard 8 working hours per day on weekdays, plus the number of hours worked
on holidays during the entire month.

Oral health behavior was assessed by asking about the use of dental floss (yes or no) and whether
the participant had a regular dental checkup in the past year (yes or no) [27].

2.5. Oral Examinations

The participants’ oral conditions (e.g., number of healthy, missing, and decayed teeth, plaque
and calculus level, gingival and periodontal health, malocclusion, temporomandibular joint findings)
were evaluated by calibrated dentists. Using an objective method [28], the participants were then
classified into either a periodontitis or a non-periodontitis group. Briefly, no inflammation in the
gingiva or redness and/or swelling of the interdental papilla without gingival recession was classified
as non-periodontitis, and any redness and/or swelling in the gingiva with gingival recession and/or
tooth mobility was classified as periodontitis. The intra and inter-examiner reliabilities was evaluated
by kappa statistics of more than 0.8.

2.6. Ethical Considerations

The study protocol was approved by the Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences and Okayama University Hospital Ethics Committee (No.
1905-016).

2.7. Statistical Analysis

The normality of the data was investigated using a histogram, quantile-quantile plot, and the
Shapiro-Wilk test [29]. The sample size was estimated using G * Power (ver. 3.1.9.2, Universitat Kiel,
Kiel, Germany), and the minimum sample sizes were calculated for analysis using a chi-squared
test [30]. Considering an effect size of 0.3, alpha of 0.05, and power (1 — 3) of 0.80, the minimum
sample size required was 88 [31]. Since the company had more than an adequate number of workers
to obtain reasonable results, we enrolled more than 88 workers in our study.

For the descriptive analysis, means and standard deviations were calculated for continuous
variables, whereas categorical variables were presented as percentiles. p values were calculated for the
continuous and categorical variables using the Mann-Whitney U test and chi-squared test, respectively.
The results from the logistic regression analysis were presented as odds ratios (ORs) and 95% confidence
intervals (CIs). p values < 0.05 were considered statistically significant. All analyses were performed
using the SPSS statistical package (v. 25.0; SPSS Inc., Chicago, IL, USA).

3. Results

Figure 1 shows a flowchart of the enrollment procedure. Following the scoring criteria of the
Co-Labo57+ questionnaire, we identified a total of 88 (11.9%) workers as high-stress and 438 (59.3%)
as having a high coping style. The characteristics of the workers are shown in Table 1. Among the
738 workers, 646 were men (87.5%) and 92 were women (12.5%). The mean age was 40.7 + 10.5 years.
The prevalence of periodontitis was 66.7% (n = 492). Among the workers, 88.1% (n = 650) were
classified to the “low stress,” 5.1% (n = 38) to the “high stress—high coping,” and 6.8% (n = 50) to the
“high stress-low coping” group.
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Workers participated on general health
examination
at 2016,2017 and 2018
n=1476

Excluded:
» Unwilling to participate voluntary
oral examination(n=621)

Y

Workers participated on oral examination
at2016,2017 and 2018

n =855 (57.9%)
Excluded:
#| [ncomplete questionnaire
(n=117)
3
Analysed participants
n=738(50.0%)

Figure 1. Flowchart of the enrollment procedure.

Table 1. Characteristics of all workers.

Parameters (n = 738) Megrl( i)SD
Age (y) 40.7 £ 10.5
Gender

Male 646 (87.5)

Female 92 (12.5)

Daily flossing (Yes) 95 (12.9)
Regular dental checkup (Yes) 107 (14.5)
Periodontitis (Yes) 492 (66.7)

BMI (kg/m?)

<25 545 (73.8)
>25 193 (26.2)

Hypertension (Yes) 47 (6.4)
Daily sleeping duration (>6 h) 631 (85.5)
Current smoker (Yes) 206 (27.9)
Daily alcohol drinking (Yes) 128 (17.3)
Monthly overtime work (>40 h) 187 (25.3)

Worker type

Skilled worker 334 (45.3)
Office worker 404 (54.7)
Low stress 650 (88.1)

High stress-High coping 38 (5.1)

High stress-Low coping 50 (6.8)

BMI, body mass index. SD, standard deviation.

Table 2 shows a comparison between the periodontitis and non-periodontitis groups. The mean
age in the periodontitis group was significantly higher than that in the non-periodontitis group
(p < 0.001). Significant differences were also seen between the two groups in gender, BMI, smoking
status, daily alcohol drinking, monthly overtime work, worker type, and stress-coping style (p < 0.05).

As shown in Table 3, the logistic regression analysis revealed that periodontitis was significantly
associated with age, the male gender, BMI > 25 kg/m?, and smoking status (current smoker) (p < 0.001).
Moreover, periodontitis was significantly associated with the “high stress-low coping” style (p = 0.039).
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Table 2. Comparisons of the between periodontitis and non-periodontitis groups.

Periodontitis (n = 492) Non-Periodontitis (n = 246)

Parameters (n = 738) 1 (%) 1 (%) p Value
Mean + SD Mean + SD
Age (y) 43 +10.1 349+89 <0.001 1
Gender (Male) 462 (93.9) 184 (74.8) <0.001 2
Daily flossing (Yes) 64 (13.0) 31 (12.6) 0.8762
Regular dental checkup (Yes) 70 (14.2) 37 (15.0) 0.767 2
BMI (kg/m?)
<25 336 (68.3) 209 (85.0) <0.001 2
>25 156 (31.7) 37 (15.0)
Sleeping duration (daily)
>6h 418 (85.0) 213 (86.6) 0.554 2
<6h 74 (15.0) 33 (13.4)
Current smoker (Yes) 161 (32.7) 45 (18.3) <0.001 2
Daily alcohol drinking (Yes) 104 (21.1) 26 (10.6) <0.001 2
Monthly overtime work
(=40 h) 145 (29.5) 42 (17.1) <0.001 2
Worker type
Skilled worker 245 (49.8) 89 (36.2) <0.001 2
Office worker 247 (50.2) 157 (63.8)
Low stress 431 (87.6) 219 (89.0) <0.001 2
High stress-High coping 17 (3.5) 21 (8.5)
High stress-Low coping 44 (8.9) 6(2.5)

BMI, body mass index. SD, standard deviation. 1 Mann-Whitney U test, and 2 chi-squared test.

Table 3. Adjusted odds ratios (OR) and 95% confidence intervals (95% CI) for periodontitis.

Dependent Variable Independent Variable OR 95% CI p-Value !
Periodontitis Age 1.11 1.09-1.14 <0.001
Gend Female Ref
ender Male 511  2.81-930  <0.001
Daily flossing Yes Ref
No 0.99 0.57-1.76 0.990
Regular dental checkup ;i?s fi}; 0.69-1.99 0.562
) <25 Ref
BMI (kg/m”) >25 2.23 1.42-3.51 < 0.001
. . . >6h Ref
Sleeping duration (daily) <6h 098 058167 0938
c ; K No Ref
urrent smoker Yes 208 135322  <0.001
Daily alcohol drinking i (; 1R§£ 073211 0.424
. <40 h Ref
Monthly overtime work >40h 107 068171 0765

Office worker Ref

Worker type Skilled worker ~ 131  0.89-195  0.175

Low stress Ref
High stress-High coping 0.30 0.14-0.66 0.003
High stress-Low coping 2.79 1.05-7.43 0.039

BMI, body mass index. CI, confidence interval. OR, odds ratio. ! Multiple logistic regression model adjusted for age,
gender, daily flossing, regular dental checkups, BMI, sleeping duration (daily), smoking status (current smoker),
daily alcohol drinking, monthly overtime work, worker type, and stress-coping style.
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4. Discussion

In this cross-sectional study, we focused on the influence of occupational stress and coping style
on periodontitis. To the best of our knowledge, this is the first study to investigate whether the balance
between occupational stress and coping style is associated with the prevalence of periodontitis among
Japanese workers. Our results showed that having a low coping style against high occupational stress
was significantly associated with periodontitis (adjusted ORs: 2.79, 95% CI: 1.05-7.43, p = 0.039).

The workers with the high stress-high coping style were not found to be at a higher risk for
periodontitis in this study, which suggests an association between periodontitis and an effective
stress-coping style. This condition can be explained by several possible mechanisms. For example,
an inappropriate coping attitude (e.g., increased tobacco smoking, alcohol drinking) and the adoption
of unhealthy behaviors (e.g., poor oral hygiene, insufficient nutritional intake) can lead to drastic
changes in oral health [32-34]. Concurrently, an inadequate stress-coping style may cause mental
alterations and induce immune suppression, which may aggravate chronic inflammatory diseases such
as periodontitis [35].

Our results found a higher prevalence of current smokers with periodontitis than in the
non-periodontitis group. Previous studies have reported smoking as a coping mechanism against
stress among workers [36,37]. On the other hand, an association between smoking and the risk of
periodontitis has been established [18,38,39]. Therefore, attempts should be made to prevent smoking
among workers.

In the present study, no significant difference in overtime work was found between the periodontitis
and non-periodontitis groups. A previous study among Korean workers reported that overtime work
was associated with the prevalence of periodontitis [40]. The discrepancy in the findings from the
previous study and the present study may depend on race (Korean vs. Japanese) and the percentage of
overtime workers (60.3% vs. 25.3%). In addition, no significant difference in job category was found
between the periodontitis and non-periodontitis groups, which is in line with previous studies finding
no significant association between the job category (skilled and office workers) and periodontitis [41,42].

Additionally, in line with a previous study [43], the overweight factor was found to be a risk factor
for periodontitis among workers. Other previous studies have reported finding a positive relation
between coping style and BMI [44,45]. Hence, to help find balance between stress and coping, workers
should be encouraged to limit their working hours and engage in a healthy lifestyle while maintaining
a normal body weight.

The prevalence of periodontitis in this study was 66.7%, which differed from other studies in Japan.
A five-year cohort study that defined periodontitis as having one or more sextants with a Community
Periodontal Index score > 2 (pockets > 4 mm deep) reported that 55.4% of Japanese workers had
periodontitis [41]. Another cross-sectional study that measured periodontitis by probing pocket depth
and clinical attachment loss (CAL) at mesio-buccal and mid-buccal sites for all of the teeth in two
randomly selected quadrants indicated that only 13% of Japanese workers had periodontitis, which
was defined as having at least one tooth with a CAL of >7 mm [46]. Possible causes for this discrepancy
might be the type of oral examination or the study design. On the other hand, in the present study,
11.9% of workers reported having high occupational stress. This result was in line with a previous
Japanese study using the same questionnaire [23].

The present study showed that the risk of periodontitis is influenced by the balance between
occupational stress and coping style. Therefore, a comprehensive approach should be taken to minimize
the occupational stress and improve the coping ability of the workers. Our results also suggest that,
during the management of periodontitis in a clinical setting, the coping style of workers against
occupational stress should be taken into consideration.

This study had some limitations. First, all workers were enrolled from a Japanese crane
manufacturing company. Therefore, the influence of stress and coping style on periodontitis might
differ from other types of workers. Second, no other possible confounders, such as working schedule [40],
education level [3], income level [47], and family situation [48], were examined in this study. Third,
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periodontitis was diagnosed using an objective method due to time constraints, but no probing
or X-ray findings were used. Hence, there is a possibility of presenting a large group of mild
periodontitis with little clinical impact. Lastly, a causal association could not be shown because this
study was cross-sectional.

5. Conclusions

The findings of the present study suggest that a high stress—low coping style is associated with an
increased risk of periodontitis among the 19-65 years of age group of Japanese workers. Therefore,
during the management of periodontitis, the balance between occupational stress and coping style
should also be considered.
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Relationship between Medical and Dental Health Expenditures

of Industrial Workers

Masayuki Ueno?, Takashi Zaitsu?, Akiko Oshiro®, Yoko Kawaguchi®

ABSTRACT

Aim: There has been little research exploring the expenditures associated with medical and dental health services and their interrelationship.
The purposes of this cross-sectional study were to describe features of annual health expenditure and to examine the relationship between
medical and dental health expenditures.

Materials and methods: Data on health expenditure from a total of 9,149 haulage workers aged 18-75 years (7,343 men and 1,806 women),
who belonged to a health insurance association, were drawn for the analysis using electric health insurance claims from January through
December in 2015. In-patient and out-patient fees as well as the corresponding pharmaceutical fees reported in the health insurance claims
were aggregated to derive total medical and dental health expenditures.

Results: The medical services utilization rate (77.4%) was significantly higher than the dental services utilization rate (42.0%) (p <0.001), and
both medical and dental services utilization rates increased with age (p for trend <0.001). Per capita medical and dental health expenditures also
significantly increased with age (p for trend <0.001). Per capita medical health expenditure in workers who used dental services was significantly
higher than that in those who did not use dental services in persons in the 40 years and older age groups (p <0.05).

Conclusion: The present findings indicate a positive association between medical and dental health expenditures. Therefore, an improvement
in oral health through workplace preventive measures may bring decrease not only of dental health expenditure but also of medical and total

health expenditures in the industry.

Keywords: Dental health, Health expenditure, Health insurance, Medical health, Workplace.
Journal of Oral Health and Community Dentistry (2019): 10.5005/jp-journals-10062-0046

INTRODUCTION

Japan has introduced a universal health insurance system for
the entire population since 1961. Under this system, people can
receive health services including prescription medicines and
dental treatment at a relatively low rate, the same fee throughout
the nation. There are many types of social health insurance plans
covering different groups of people, which are managed by a
society-managed health insurance, mutual aid associations,
quasipublic national health insurance associations, citizens’ health
insurance, and late elders’ health insurance.!

Regulatory measures through a fee schedule determined and
standardized by the Japanese government have contained health-
related costs compared with other countries.? However, a steadily
increasing national health expenditure in Japan has become a major
concern. Japan spent 42.4 trillion yen (approximately 376 billion US
dollars) on national health expenditure in the fiscal year 2015, an
increase of 3.8% (1.6 trillion yen) more than in 2014.3 The reducing
health expenditure, therefore, is a key issue to be tackled in Japan.

The same is true of many industrial companies. Because of
limited financial resources, reducing healthcare-related expenses
of workers is an important task for decision-makers in the industry.
Correctly identifying and understanding the magnitude of health
expenditure is indispensable to determining the amount of
resources that can be allocated to other purposes.

It is well documented that oral health is closely related to
general health. Dental disease, periodontal disease in particular,
is strongly associated with systemic diseases such as diabetes and
cardiovascular diseases.*” Since people at risk of dental disease are
also considered to be at high risk of systematic disease, dental health
expenditure may affect medical health expenditure. There are a
few reports suggesting an association between medical and dental
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health expenditures.5” As there has been little research exploring the
expenditures associated with medical and dental health services and
theirinterrelationship, currently available information is very limited.
According to the 2015 annual report of the Japan health insurance
association, dental health expenditure made up 10.7% of the total
health expenditure.? If a positive relationship between medical and
dental health expenditures exists, the reduction of dental health
expenditure could lead to the reduction of medical and total health
expenditures. For an industrial company, such information would
assist the management of healthcare-related expenses and the
development of occupational health promotion policies.

The hypothesis to be tested in this study was that an increased
dental health expenditure could also be associated with the
inflated medical health expenditure. Therefore, the purposes of

©TheAuthor(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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this cross-sectional study were to describe features of annual health
expenditure and to examine the relationship between medical and
dental health expenditures using the electronic health insurance
data of haulage workers, the so-called transport industry workers,
in a health insurance association.

MATERIALS AND METHODS

Data Collection

The health expenditure data were drawn from a total of 9,149
haulage workers aged 18-75 years, who belonged to a health
insurance association in a metropolitan area in Japan. Workers who
were younger than 18 years or older than 75 years were excluded
from the analysis. Information about health expenditure from
January through December in 2015 was collected using electronic
health insurance claims that the health insurance company owned.
The data reflected expenditure for the medical and dental health
services the workers received. Since all the available data of eligible
workers were intended to be used in the study, no sample size
determination was not made.

The demographic variables used were age and gender. As
health expenditure related variables, in-patient and out-patient
fees as well as the corresponding pharmaceutical fees reported
in the health insurance claims were aggregated to derive the total
medical and dental health expenditures for the 12-month period.
Medical health expenditure was matched and linked with dental
health expenditure using an individually assigned identification
number. Private patients’ medical or dental treatment fees such
as orthodontic treatments and any prosthetic appliance such as
implants were excluded from the analysis. Currency conversion was
doneattherate of 1 USdollarto 122.05 yen, the average rate in 2015.

The consent of usage of the health insurance claims data
of workers was obtained from the health insurance association
and companies belonging to the association. Ethical approval
was granted by the Tokyo Medical and Dental University Ethics
Committee (Approval number: D2016-054).

Statistical Analysis

Demographic characteristics of the study subjects were based on
age group (18-39 years, 40-59 years, and 60-75 years) and gender.
The proportions of subjects who used medical or dental services
and mean and standard error (SE) of per capita medical or dental
health expenditure by age group were calculated. Medical and
dental health expenditures were adjusted for age and gender
using an analysis of covariance. Linear trends were tested using
the Mantel-Haenszel’s Chi-square statistics for medical or dental
utilization rate by age group and the Jonckheere-Terpstra test
for mean medical or dental health expenditure by age group.
Significant differences in the mean medical health expenditure
between subjects who used or did not use dental services were
assessed by the independent t test. Multiple comparisons for the
mean medical health expenditure among the tertile of dental health
expenditure or number of days of dental visits were analyzed using
a Bonferroni method. All statistical procedures were implemented
with the IBM® SPSS® 23.0 (IBM Japan Corp., Tokyo, Japan).

REesuLTs

Demographic Characteristics of Subjects

Table 1 shows the basic characteristics of the subjects. There were
9,149 subjects: 7,343 men and 1,806 women. The overall mean age

was 43.94 (0.14 SE) years; men 44.83 (0.15 SE) years and women
40.33 (0.29 SE) years. Age group 18-39 years was 38.3% of the total,
40-59 years was 46.1%, and 60-75 years was 15.6%. Those in men
were 35.8%, 46.6%, and 17.6% and in women were 48.6%, 43.9%,
and 17.5%, respectively.

Utilization of Medical and Dental Services

Overall medical and dental services utilization rates were 77.4%
and 42.0%; rate was significantly higher for medical services
(p <0.001) (Table 2). The medical services utilization rates by age
group were 73.0% in the 18-39 years age group, 76.9% in the 40-59
years, and 89.4% in the 60-75 years age groups. Dental services
utilization rates by age group were 36.5% in 18-39 years, 43.3%
in 40-59 years, and 51.5% in 60-75 years age groups. The medical
services utilization rate was nearly double that of the dental services
rate and significantly higher in every age group (p <0.001 for all
age groups). For both medical and dental services utilization rates,
there was a statistically significant increasing trend with age (p for
trend <0.001 and p for trend <0.001).

Overall medical services utilization rates in subjects who used or
did not use dental services were 85.2% and 71.7%, respectively. The
medical services utilization rate was significantly higherin subjects
who used dental services than among those who did not (p <0.001)
(Table 3). The comparison by age group also showed that medical
services utilization rates were significantly higher in subjects who
used dental services than among those who did not (p <0.001 for all
age groups). For both dental services users and nondental services

Table 1: Subjects by age group and gender

Age group,

years Men, % (n) Women, % (n)  Total, % (n)
18-39 35.8(2,627) 48.6 (878) 38.3(3,505)
40-59 46.6 (3,422) 43.9 (792) 46.1 (4,214)
60-75 17.6 (1,294) 17.5(136) 15.6 (1,430)
All subjects 100.0 (7,343) 100.0 (1,806) 100.0 (9,149)

Table 2: Proportion of subjects who used medical and dental services

Health services utilization rate,

p value for
Age group, % (n) proportional
years Medical Dental difference
18-39 73.0 (2,560) 36.5(1,278) <0.001
40-59 76.9 (3,239) 43.3(1,825) <0.001
60-75 89.4 (1,278) 51.5(737) <0.001
All subjects 77.4(7,077) 42.0 (3,840) <0.001
p for trend <0.001 <0.001

Table 3: Proportion of subjects who used medical services by dental
services use

Medical services utilization rate,
% (n)

p value for
Age group, Dental services  Nondental proportional
years users services users difference
18-39 81.4 (1,040) 68.3 (1,520) <0.001
40-59 84.2 (1,536) 71.3(1,703) <0.001
60-75 94.2 (694) 84.3 (584) <0.001
All subjects 85.2 (3,270) 71.7 (3,807) <0.001
p for trend <0.001 <0.001
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users, a statistically significant increasing trend of utilization rate
with age was shown (p for trend <0.001 and p for trend <0.001).

Per Capita Medical and Dental Health Expenditures

Table 4 presents the per capita medical and dental health
expenditures by age group. Overall, these expenditures in all
subjects were $1,052.61 and $161.74 per capita, respectively.
Per capita medical health expenditures by age group were
$467.63 in the 18-39 years group, $1,060.04 in the 40-59 years
group, and $2,464.56 in the 60-75 years group. Per capita dental
health expenditures by age group were $123.71, $172.31, and
$223.79, respectively. Both per capita medical and dental health
expenditures significantly increased with age (p for trend <0.001
and p for trend <0.001).

Overall per capita medical and dental health expenditures in
subjects who used health services were $1,360.80 and $385.35,
respectively. Per capita medical health expenditures by age group
were $647.41 in subjects 18-39 years old, $1,377.84 in 40-59 year
olds, and $2,746.63 in 60-75 year olds. Per capita dental health
expenditures by age group were $344.56, $397.50, and $426.00,
respectively, in the same age groups. Both per capita medical and
dental health expenditures also had significant increases with age
(p for trend <0.001 and p for trend <0.001).

Per Capita Medical Health Expenditure According to
Dental Services Utilization

Overall per capita medical health expenditure in subjects who
used dental services was $1,219.12, which was significantly higher
than $932.18 in those who did not (p <0.001). Per capita medical
health expenditures in subjects who used dental services by age
group were $571.75, $1,217.83, and $2,850.28 in the three age
groups and in those who did not use dental services were $419.65,
$937.15, and $2,024.62, respectively (Table 5). Per capita medical
health expenditures in both dental services users and nondental
services users increased significantly with age (p for trend <0.001

and p for trend <0.001). Significant mean differences in the per
capita medical health expenditure by the use of dental services
were found in the 40-59 and 60-75 years age groups (p = 0.036
and p =0.010).

Among subjects who used dental services, per capita medical
health expenditure by the tertile of per capita dental health
expenditure (<$170.27, $170.27-$400.99 and >$400.99) or number
of days of dental visits (1-3 days, 4-7 days, and >7 days) were
$1,414.98 (n=1,280), $1,417.93 (n=1,281),and $1,124.57 (n = 1,279) or
$1,381.27 (n=1,454),$1,307.70 (n =1,113),and $1,258.48 (n = 1,273),
respectively (Table 6). No significant differences in per capita
medical health expenditure were detected by the tertile of dental
health expenditure or number of days of dental visits.

Discussion

This cross-sectional study used the data drawn from health
insurance claims of national health insurance; therefore, patients’
private fees for care were not included in the analysis. Japanese
national health insurance covers both medical and dental care, and
dental care covers most restorative and surgical treatments such
asfillings, endodontics, crowns, bridges, dentures, and extractions.
According to the Survey on Economic Conditions in Health Care
in 2015,° the proportion of dental expenses provided by the
national health insurance is about 85.8% of the total dental health
expenditure. The proportion of expenses for medical healthcare
borne by private fees only was 1.3%in 2015.3 Further, the mean per
capita medical and dental health expenditures in the sample were
close to those reported in the national health expenditure report
in 2015.3 These statistics suggest that our data are a good estimate
of Japanese health expenditure.

The findings show a positive relationship between medical
and dental health expenditures. Both medical services use and
medical health expenditure increased with age. The same positive
gradient in dental services use and dental health expenditure by

Table 4: Per capita medical and dental health expenditures (US $) in all subjects and those who used

health services, mean' (SE)

Health expenditure, mean (SE)

All subjects Health services users
Age group, years Medical Dental Medical Dental
18-39 467.63 (65.11) 123.71 (6.48) 647.41 (85.95) 344.56 (14.43)
40-59 1,060.04 (59.19)  172.31 (5.89) 1,377.84(75.99) 397.50(12.01)
60-75 2,464.56 (102.12) 223.79(10.16) 2,746.63 (121.88) 426.00 (19.07)
All subjects 1,052.61 (40.14) 161.74 (3.99) 1,360.80 (51.34)  385.35(8.27)
p for trend <0.001 <0.001 <0.001 <0.001

tAdjusted for age and gender

Table 5: Per capita medical health expenditure (US $) in subjects who used and who did not use

dental services, mean® (SE)

Medical health expenditure, mean (SE)

p value for mean
Age group, years Dental services users ~ Nondental services users  difference
18-39 571.75 (69.33) 419.65 (52.47) 0.081
40-59 1,217.83 (89.44) 937.15(78.14) 0.036
60-75 2,850.28 (222.18) 2,024.62 (229.13) 0.010
All subjects 1,219.12 (62.32) 932.18 (52.91) <0.001
p for trend <0.001 <0.001

tAdjusted for age and gender
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Table 6: Per capita medical health expenditure (US $) by the tertile of dental health expenditure and number of days of dental visits, mean' (SE)

Tertile of dental health expenditure

Tertile of number of days of dental visits

<§170.27 $170.27-5400.99 >5400.99

1-3 days 4-7 days >7 days

1,414.98 (124.70) 1,417.93 (124.23) 1,124.57 (124.76)

1,381.27 (116.99) 1,307.70 (133.39) 1,258.48 (125.34)

TAdjusted for age and gender

age was also observed. Previous studies found a similar association
among dental services use, dental health expenditure, and age.!*
A Japanese web-based study showed that the frequency of
dental visits and dental treatment increased with age.”> Middle-
aged or older adults were reported to have greater dental health
expenditure than younger adults.!'? Australian people who visited
a dental provider more than once a year on average had a higher
dental health expenditure than those who visited less often, and
a poorer oral health status was related with higher dental health
expenditure.'” These findings imply that the need for dental
services might increase due to poorer oral health conditions
with age, leading to increased dental health expenditure. Having
dental health insurance has also been suggested to be associated
with dental visits and dental services provision and thus dental
health expenditure, in other countries,'*' but the effect of health
insurance could be minimal because of the universal health
insurance system in Japan.

Medical health expenditure in subjects who did not use
dental services was lower than those who used the services
and the amount of dental health expenditures or the frequency
of dental services use did not influence the medical health
expenditure. The difference of medical health expenditure by
dental services use expanded in the middle and old age groups.
It is well known that oral health is closely linked with general
health.”™" People who have good oral health usually have good
general health, and the subjects in our study who did not use
dental services were also less likely to use medical services. A
significant relationship between the subjective assessment of
oral health and medical health expenditure has been reported in
a previous study. Since people with good subjective oral health
were considered to have good general health, they were less
likely to use medical services and had lower medical expenses
as a consequence.?°

Periodontal disease has also been ascribed to the increase
in medical health expenditure. People with severe periodontitis
incurred higher medical health expense, probably due to the
deterioration of general health caused by periodontal diseases.'®?'
The difference in medical health expenditure by dental services
use observed in subjects aged 40 years or older in this study might
partially be due to the increased prevalence of periodontitis. The
number of teeth present was another important factor associated
with medical health expenditure; people with fewer teeth incurred
greater medical health expenditure.?#?* However, the absence of
information about oral health status makes it difficult to determine
whether subjects used dental services less because they had no
dental problems or, despite having poor dental condition, they
had other reasons for avoiding dental care.

This study is subject to a couple of other limitations. First,
since details of the dental care provided were not available, it was
not possible to identify the type of dental services responsible for
the expenditure. Second, the study used only the data of insured
workers in a health insurance association. Inclusion of their family
members’ data would have given a more complete picture.

Within such limitations, the present findings suggest that
oral health is an important contributor to health expenditure.
Although dental health expenditure is a small proportion of total
health expenditure, a reduction of dental health expenditure
can contribute to reducing the economic burden of healthcare.
Further, an improvement in oral health might bring benefits not
onlyin terms of reduced health expenditure but also increase labor
productivity by virtue of better general health.

A workplace is considered a suitable place for conducting
oral health promotion activities, because many workers spend
much time there. Several studies have reported that workplace
oral health promotion activities contribute to reducing healthcare
expenses and are cost-beneficial for employers.5?#2> Annual oral
examinations and tooth brushing instruction in the workplace
have been demonstrated to be beneficial for preventing dental
diseases.?® Prevention of dental diseases, periodontal disease in
particular, requires coordinated efforts from various sections.?’
Most Japanese adults have varying levels of periodontal disease,
even though itis preventable. Unlike medical examinations, dental
examinations are rarely undertaken in the workplace. Dental
examination with accompanying health education to provide basic
information about periodontal disease and risk factors, including
smoking, should be offered to all workers as a part of the health
examination.

CONCLUSION

Health insurance claims can provide an accurate and reliable source
of health expenditure information. Additional analysis of health
expenditure with linked information about clinical oral status and
detailed service type needs to be conducted to confirm current
findings on the positive relationship between medical and dental
health expenditures and to reveal dental conditions or treatment
procedures associated with health expenditure of industrial
workers.
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Abstract: This paper describes the present Japanese oral healthcare system and outlines the future
challenges and perspectives for Japan. Japan has developed a system for providing high-quality
and appropriate health care efficiently through a universal health insurance system which has been
in operation since 1961. This health insurance covers most restorative, prosthetic and oral surgery
treatment. Therefore, all people can receive dental treatment at a relatively low cost, with the same
fees applying throughout the nation. In Japan, public oral health services are provided by the local
governments according to the life stage of their populations. These services are mainly conducted
by private dental practitioners under contracts with local governments. National oral health data
shows that the oral health of the Japanese population has improved over the last several decades.
Future challenges and perspectives for Japanese dentistry include: tackling the regional differences
in oral health, decreasing the cost of health expenditure, establishment of sustainable emergency oral
healthcare services in times of disaster, and the development a new tele-dental system for remote
areas without access to dental professionals.

Keywords: oral health; healthcare system; dental workforce; public health insurance; oral health
status; Japan

1. Characteristics of Japan

Japan is located in Northeast Asia and is composed of four main islands and 6848 smaller islands.
The land area is 378,000 km? and the capital city is Tokyo [1]. Japan’s population is over 126 million and
most Japanese reside in densely populated urban areas [2]. In 2016, the national gross domestic product
(GDP) was 4.937 trillion United States dollars (US$) and it is the world’s third largest economy [3].
Health expenditure is around 10% of GDP. Japan has developed a system for providing high quality
and appropriate healthcare efficiently in its communities through a universal health insurance system
which has been in operation for more than 50 years.

2. Dental Workforce

Three regulatory professional dental licenses are issued in Japan: dentists, dental hygienists,
and dental technicians. For each profession, independent legislation exists: the “Dentists Act”,
the “Dental Hygienists Act”, and the “Dental Technicians Act”. These acts describe and regulate
the professions’ duties, roles, and ethics. There is no licensing system for dental chairside assistants.
A survey of practicing healthcare professionals is conducted every two years by the Ministry of Health,
Labor and Welfare (MHLW).

2.1. Dentists

In 2016, the total number of dentists was 104,533 [4]. The number of female dentists was 24,344,
23.3% of the dental workforce. The dentist ratio per 100,000 people is 82.4 practitioners, and, as in
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many nations, the distribution is unequal. The highest dentist to population ratio is in Tokyo (118.2),
and the lowest is Fukui Prefecture (54.7); more than twice the regional difference of dentist distribution
is observed. There are 68,730 dental facilities (mainly private dental clinics) in total throughout Japan.

Table 1 shows the number and proportion of dentists according to their roles or places of practice.
More than 97% of the dentists (n = 101,551) engage in providing dental treatment at private or public
dental institutions. The number of public dentists who engage in full-time administration work is only
348 (0.3%). Therefore, in Japan, most of the public dental activities are conducted by private dentists
on a part-time basis. The “Dentists Act” describes the duties of dentist as follows: “Dentists shall take
charge of dental treatment, provide oral health guidance, and contribute to the improvement and the promotion
of public health in order to secure a healthy life for the people” .

Table 1. Numbers of dentists in Japan (2016).

Practicing Places Number %
Dental practice 101,551 97.1%
Private office (employer) (59,482) (56.9%)
Private office (employed) (29,684) (28.4%)
Hospital (3,077) (2.9%)
Education institute (9,308) (8.9%)
Research institute 1195 1.2%
Administration/public service 348 0.3%
Others 1430 1.4%
Total 104,533 100.0%

For example, a local government municipality contracts with a private dental practitioner to carry
out the role of a school dentist. Local government pays the contracting dentist as a school dentist,
and the dentist is responsible for the performance of school oral health activities, usually in a part-time
capacity. This public and private mixed dental performance is one of the unique characteristics of the
Japanese oral healthcare system.

In Japan, there are 29 dental educational institutions: eleven national, one local governmental,
and seventeen private universities. The total enrolment in the 29 dental schools in 2017 was 2720 [5].
Dental education is based on a model core curriculum. For quality assurance of the education
conducted in each dental school, computer based tests (CBTs) and objective structured clinical
examinations (OSCEs) are performed during the undergraduate course before dental students start
clinical training. After six years of education, all students have to take a national board dental
examination. The MHLW manages this national board examination and regulates the issuing of dental
licenses. The pass rate of this national board examination is relatively low, around 65-70%. In 2018,
3159 dental students took the examination and 2039 passed (64.5%) [6].

Without passing this examination, a dental graduate cannot get a dental license. Further, after
successfully getting a dental license, all new graduates participate in the compulsory residency clinical
training program for more than one year. Following completion of a residency program, the graduate
is free to choose the career path to follow as a dentist. Most prefer further study through postgraduate
university courses, or to work at hospitals to improve their academic knowledge and technical skills
for several years before entering private practice.

2.2. Dental Hygienists

The number of active dental hygienists in Japan in 2016 was 123,831 [7]. The roles of dental
hygienists are prevention of oral diseases, oral health education, and chairside treatment assistance.
About 90% of dental hygienists (n = 112,211) work in largely private dental clinics, and about 5%
(n = 6259) work in hospitals. The number of dental hygienists working in public sectors (i.e., prefectures,
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municipalities, and health centers) is 2754 (2.2%), and teaching staff in education institutes is 873
(0.7%).

In total there are 166 dental hygienist education institutes. Most of these are 3-year-period
vocational schools. Eleven schools however provide a 4-year-period university bachelor degree
programs in the universities. Hygienists also need a national license, and the proportion of dental
hygienists who pass the national examination is high and around 95%. Every year around 6500 new
dental hygienists are produced.

2.3. Dental Technicians

In 2016, the total number of active dental technicians was 34,640 [7]. Dental technicians make
dental prostheses, based on dentists” prescriptions. They are not allowed to take impressions directly
from the patients. The number of dental technicians working in dental laboratory offices is 24,972
(72.1%) and working in hospitals or dental clinics is 9166 (26.5%).

There are 54 dental technicians’ schools. Most of the schools provide 2-year-period education.
Three universities have 4-year-period bachelor degree programs for dental technicians. After
graduation, a pass in the national board examination is necessary to get a license to practice as
a dental technician.

3. Public Health Insurance System in Japan

Japan is called a welfare country and public healthcare systems are well developed. Japan
introduced a universal health insurance system for the entire population in 1961. It covers almost all
medical and dental treatment and pharmacy care required by the population [8]. People can receive
treatment at a relatively low cost, and the same fee is applied throughout the nation. In 2000, in
response to the increasing aging of the population, Japan initiated a “long-term care insurance” to
deliver health and welfare services for the elderly.

3.1. Health Insurance

Almost all practicing doctors and dentists are registered in the public national health insurance
scheme as insured doctors, and provide treatment according to a fee-for-service system. In general,
after receiving treatment by an insured doctor or dentist, patients pay 30% of the total cost to the clinic
or hospital. The remaining 70% of the cost is paid to the clinical institutions by the insurance agency
approximately two or three months later, based on the submitted fee claims. Therefore, the cost of
insurance treatment provided is the same, throughout the nation, fixed by the fee schedule. There is
no price difference between private and public institutions.

There are certain exemptions. Low income earners do not necessarily have to pay the cost directly
to the clinic. In addition, elderly persons may pay directly but at a reduced rate (10-20% of the cost)
according to their income. Moreover, the Japanese health insurance system has a reimbursement
scheme for patients who receive costly treatment services such as cardiac surgery, where the patient’s
payment over a certain amount is refunded later. Under this health insurance system, Japanese people
can receive high-quality health services at a relatively low cost, both in public and private institutions.
The fee schedule is reviewed every two years and inclusions/exclusions of each treatment option
within the insurance scheme is reviewed by an expert committee established through the MHLW.

Dental services under the national health insurance system are available for most restorative,
prosthetic, and oral surgery treatment. They include services such as fillings, endodontic treatment,
crowns, bridges, dentures, and extractions. Higher cost items (e.g., gold crowns and bridges, metal
plate dentures, implants, and orthodontic treatment) are excluded. Preventive services are also
excluded, as the current health insurance system only covers treatments for existing diseases. Delivery
of dental treatment services to bed-ridden people at home or in aged care centers by dentists are also
covered in this public health insurance scheme.
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3.2. Long-Term Care Insurance

To deal with the rapidly increasing aging population, in April 2000 Japan introduced the
“long-term care insurance system”. This system provides various long-term care services in
a comprehensive and uniform way for all eligible persons, so that they can lead independently
as long as possible. The managing insurer of the long-term care insurance system is the municipality
(local government), and the main eligibility criterion for those covered by the scheme is that they are
aged 65 years or over.

Based on the care plan established by a patient’s care manager, the patient contracts the service
provider to make necessary arrangements so that the individual can use in-home care services or
community-based preventive services. Facilities are also available for those in the aged care institutions.
To use long-term care services, the long-term care insurance covers 90% of the service-related costs,
while the remaining 10% of costs are paid by the user.

The services provided under this scheme include home visit nursing, day-care or short-stay
medical service, etc. In-home healthcare guidance, doctors, nurses, dentists, dental hygienists, or
other medical professionals visit the homes of users who have difficulty in making a hospital visit
and provide health maintenance instruction and care according to the patient’s medical and physical
condition or environment.

After its launch, there was a rapid increase in the use of the long-term care scheme, especially
the home care service. The long-term care insurance system has now come to have an important
role as a system designed to assure an affordable and comfortable life for elderly people and their
family members.

4. Life Course Oral Healthcare System

According to each life stage of the population, many policies regulate the regional health services
and describe the accountability of governments, related organizations and populations in Japan.
Therefore, oral health services are provided as a part of the general health service, and the programs
are based on the health related laws and acts (Table 2).

Table 2. Health related law and acts in Japan.

Law/Act Main Target Population
Maternal and Child Health Act (1965) Infants, preschool children, pregnant women
School Health and Safety Act (1958) Schoolchildren
Industrial Safety and Health Act (1972) Workers
Act on Securing Medical Care for Elderly People (2008) Elderly
Community Health Act (1947) All population
Health Promotion Law (2003) All population
Act on the Promotion of Dental and Oral Health (2011) All population

In 2017, there were a total of 479 health centers throughout Japan. Among them, 363 centers were
established in 47 prefectures, 93 centers in 74 designated cities, and 23 centers within the 23 special
Tokyo wards. These health centers take the role of the central administrative management office for
the regional public health services.

In 2000, a National Health Promotion Campaign for the 21st century, “Healthy Japan 21”7, was
proposed to prevent lifestyle-related diseases (non-communicable diseases (NCDs) such as cancers,
cardiovascular diseases, diabetes, and chronic obstructive pulmonary disease). “Healthy Japan 21” set
up national goals for the year 2010 in nine specific fields for improving lifestyles, reducing risk factors,
and decreasing diseases. Oral health is one of the NCD conditions identified, and specific goals were
set up to prevent tooth loss. The “Health Promotion Act” was enacted in 2003 and it supported the
development of health promotion activities throughout the nation.

After evaluation of the achievements on “Healthy Japan 21”, the second term of “Healthy Japan
21” was initiated from 2013. Its basic goals were as follows:
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e  Extension of healthy life expectancy and reduction of health disparities

e Prevention of onset and progression of life-style related diseases

e  Maintenance and improvement of mental and physical functions necessary for social life
e  [Establishment of a healthy and supportive social environment

Specific goals for the year 2022 are indicated in these six fields, and include; (1) nutrition and
dietary habits; (2) physical activity and exercise; (3) rest; (4) alcohol use; (5) tobacco use; and (6) oral
health. Table 3 shows the oral health goals set out in the second “Healthy Japan 21”.

Table 3. Goals related to oral health in the second “Healthy Japan 21”.

Indicators Baseline Data Goals

1. Maintenance and improvement of oral function

Increase in proportion of persons aged 60—69 years with
good mastication function 73.4% (2009) 80% (2022)

2. Prevention of tooth loss

A. Increase in the proportion of 80-year-old persons with
20 or more teeth 25% (2005) 50% (2022)

B. Increase in the proportion of 60-year-old persons with
24 or more teeth 60.2% (2005) 70% (2022)

C. Increase in the proportion of 40-year-old persons with
no missing teeth 54.1% (2005) 75% (2022)

3. Prevention of periodontal disease

A. Decrease in the proportion of persons in their 20s
with gingivitis 31.7% (2009) 25% (2022)

B. Decrease in the proportion of persons in their 40s with
progressive periodontitis 37.3% (2005) 25% (2022)

C. Decrease in the proportion of persons in their 60s with
progressive periodontitis 54.7% (2005) 45% (2022)

4. Prevention of dental caries

A. Increase in the number of prefectures where >80% of
3-year-old children are caries free 6 prefectures (2009) 23 prefectures (2022)

B. Increase in the number of prefectures where 12-year-old
children have fewer than 1 DMFT (decayed, missing and

filled permanent teeth) 7 prefectures (2011) 28 prefectures (2022)
5. Regular dental check-up

Increase in the proportion of persons who received a

dental check-up during the past year 34.1% (2009) 65% (2022)

4.1. Preschool Children

Pregnant women receive a “maternal and child health handbook” from the municipal government
for each child. Health care professionals record the health check-up data during pregnancy and after
the child is born and up to six years of age. The handbook covers the child’s health condition and
immunization records. Mothers also record the child’s growth and health concerns in the handbook by
themselves. Therefore, healthcare professionals in hospitals or health centers can refer to the records
within this book, as mothers always carry this book with the child.

In Japan, national programs for preschool children are conducted by local government free of
charge. They include physical, medical, and dental examinations of all children. The collected data are
sent to the MHLW and published every year.

(1) Health check-ups for 3-year-old children (since 1961)

(2) Health check-ups for 18-month-old children (since 1977)

Private practitioners (i.e., doctors and dentists) contribute to the conduct of these examinations in
turns at the community health centers. This means they become part-time “public doctors/dentists”.
Medical or dental treatment is not provided at the health centers and only preventive services are
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available. After the oral examination, oral health education is offered to mothers and children by
dental hygienists, either in a small group or individually. Education covers oral health related habits,
nutritional consultation, and brushing instructions. Topical fluoride application for caries prevention
and silver diamine fluoride application for caries arrest is also provided to those who require this care,
at a reasonable fee.

4.2. Schoolchildren

In Japan, every public primary, junior, and senior high school has an appointed school dentist.
In 2014 the total number of school dentists holding such positions was 44,600. The school dentist is
responsible for the performance of school-based oral health activities, usually in a part-time capacity,
because s/he may work also as a dental practitioner in the area.

The roles of school dentists are described in the “School Health and Safety Act” and include the
conduct of an oral health examination at least once a year on each child at school, and contributing to
implementing the school’s oral health education. According to the standard procedures and guidelines,
school dentists check the oral health status of all the students for conditions such as dental caries,
malocclusion, gingival status, dental plaque, and temporomandibular disorders.

If oral health problems are detected in schoolchildren, the school dentist recommends to the
child and parents that they should seek dental treatment under the public health insurance scheme,
described before. School dentists do not provide dental treatment in the schools at all. Schoolchildren
can receive comprehensive dental care at any public or private dental offices.

In addition, oral health education is conducted by the school dentist, or the dental hygienist, in
cooperation with the nursing teachers and the classroom teachers. Oral health education programs
usually include prevention of dental caries and gingivitis, but the content of oral health education
program depends on the individual school’s curriculum and timetable.

School health surveys are conducted every year, and the data are published by the Ministry
of Education.

4.3. Adulthood

According to the “Industrial Safety and Health Act”, employers have to provide annual medical
check-ups for all the employees in any company which has more than 50 workers. On the other hand,
the Act does not include a duty for dental check-ups for employees. Only the workers who engage in
jobs in acid-producing environments have to receive special dental check-ups every six months for the
prevention and early detection of tooth erosion. Some companies provide good oral health promotion
programs for their employees, but the number of these companies is very small.

According to the “Health Promotion Law”, local governments (municipalities) are to provide
free or low-cost “periodontal disease examination programs” for their adult population by way of
contracts with private dental practitioners. However, the rate of participation for the eligible persons
in these programs is very low, about 10-15%.

Therefore, in Japan, the oral health program for the adult population is based on an individual’s
personal responsibility for care, self-support and self-motivation. Many dental facilities and a public
insurance system contribute to easy access for dental treatment for adults, but the proportion of regular
(check-up or preventive) visits to dental clinics is not high. This adult population group should be
encouraged to visit a dentist and dental clinic regularly for prevention of dental diseases.

4.4. Elderly

Japan is known as a “super aging society”. The age structure (2016) shows that 12.4% of the
population is aged 0-14 years, 60.3% is aged between 15 and 64 years, and just over a quarter of the
population, 27.3%, is aged 65 years and older [9]. Life expectancy at birth (2016) is 81.0 years for males,
87.1 years for females, and 84.2 years for all [10].
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This figure shows that Japan is one of the longest life expectancy countries in the world. Therefore,
over the past several decades, Japan has become increasingly concerned at the pace of population
aging and the challenges this brings to dealing with changing social systems.

Dentistry is no exception. In 1989, the Ministry of Health and the Japan Dental Association
advocated a national oral health campaign, “8020 (Eighty-Twenty) campaign”. The first part “80”
signifies the average life expectancy for Japanese people at that time, and the second part “20” indicates
the critical number of natural teeth to maintain eating and chewing function for life. Previous studies in
Japan show that keeping 20 or more natural teeth is considered to be a simple and adequate threshold
for maintaining good masticatory ability for eating almost any kinds of Japanese food items, which
vary from soft texture food to hard texture food [11].

The objective of this campaign is to inform the general population of the importance of retaining
20 or more natural teeth until 80 years of age to maintain satisfactory masticatory abilities. The number
of missing teeth increases as people get older. The concept of “8020” is to ensure all Japanese
people are able to enjoy a healthy diet and a good social life by preventing tooth loss that leads
to masticatory dysfunction.

This national campaign has led to many projects and research studies regarding the impact of oral
health on general health and quality of life. Many studies report that improvements in oral health and
masticatory function contribute to the prevention of aspiration pneumonia and to the maintenance or
recovery of activities of daily living [12]. In March 2015, the Japan Dental Association hosted the world
congress with co-sponsorship by the World Health Organization (WHO), and the “Tokyo Declaration
on Dental Care and Oral Health for Healthy Longevity” was drafted [13].

The “8020” campaign, a community and clinic-based initiative started in 1989, has contributed
to a dramatic improvement in the oral health of older people in Japan. This was followed by
an accumulation of evidence, culminating in oral health being integrated into health policy in the
form of the “Act on the Promotion of Dental and Oral Health” in 2011, for the purpose of oral disease
prevention and general health improvement.

Oral functional impairments reduce chewing efficiency, influence nutritional deficiencies,
and deter the elderly from the pleasure of eating and communication. Oral functional enhancement,
along with dental prostheses and better oral hygiene has been reported to be effective in preventing
swallowing difficulties in the dependent elderly. From the perspective of prevention and health
promotion, it is considered to be more effective to implement interventions before health problems and
functional disturbances have occurred. Therefore, at community health centers, dental professionals
educate the independent elderly about the importance of oral function promotion and provide oral
function promotion programs such as “tongue exercise” or “salivary grand massages”.

5. Oral Health Status

In Japan, national oral health surveys have been conducted every six years from 1957 to 2011 by
the MHLW. Recently, the eleventh survey was conducted in 2016, the interval between surveys being
changed from six to five years. According to data from these surveys, the changing patterns of oral
health status of Japanese population can be well described.

5.1. Oral Health Status of Children

For deciduous teeth, improvement is obvious. Figure 1 shows the trends in prevalence of dental
caries in deciduous teeth for one- to five-year-old children. In 1957, the prevalence of dental caries
in 5-year-olds and 3-year olds were 94.5% and 81.8%, respectively. In 2016, these values decreased
to 39.0% and 8.6%, respectively. Figure 2 shows the changing pattern of the status of deciduous
teeth from 1957 to 2016 for one- to 14-years-old children. In 1957, most carious teeth were untreated,
and 5-year-olds had on average 8.7 decayed teeth (dt). As time went on, children could access and
receive dental treatment, and the number of filled teeth (ft) increased. Also the number of healthy
teeth increased remarkably in all ages. These figures show the dental caries status of deciduous teeth
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in Japanese children improved rapidly. Figure 3 shows the changing pattern of decayed, missing and
filled permanent teeth (DMFT) of 12-year-olds from national School Oral Health Survey data. In 1985,

12-year-olds had on average 4.6 DMFT, and this gradually decreased year by year and it became 0.8
DMEFT in 2016 [14].

%

Age (years old)
1% -1
-0-2
-3
~@-4
80 - -5
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m -
20 A
0 T T T T T T T T T ——
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Source: National Oral Health Survey in Japan

Figure 1. Trends in prevalence of dental caries, deciduous teeth (1957-2016) [15].
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Figure 2. Changing pattern of deciduous teeth (1957-2016) [15].
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Figure 3. DMFT of in 12-year-olds (1985-2016) [14].

5.2. Oral Health Status of Adults

Figure 4 shows the mean number of teeth present for adults (35—44 years age group) and older
persons (65-75 years age group) over a 60-year period from 1957 to 2016. For the 35-44-year age
group, the number of natural teeth present increased from a mean of 25.1 to 28.2, a difference of more
than three teeth. For the 65-74-year age group, the increase in the number of natural teeth was more
remarkable, from 10.1 to 20.8 teeth. That is by a factor of ten teeth or twice the number of natural teeth
present over this time period. This implies that recent Japanese populations, especially elderly people,
are keeping more natural teeth than the past [15].

On the other hand, the proportion of edentulous persons decreased each year in all age groups
(Figure 5). In 1957, the proportion of those with no natural teeth was about one-third in the
65-74 year-old age group (35.5%), and more than half of those 75 years and over (57.2%). In 2016, these
proportions had changed to 4.1% and 14.3%, respectively. Figure 6 shows the changing pattern of the
proportion of persons with 20 or more teeth. In all age groups, the proportion of those retaining 20 or
more natural teeth had increased, with a substantial increase observed, especially in older age groups.
This might be attributed to the national “8020” campaign which was initiated in 1989, and people’s
awareness for oral health which has been improving and changing oral health behaviors.

Teeth (n)
m -

| M
20 A
15 4
Age group (years)

—-35~44
-&-65~74

1957 1963 1969 1975 1981 1987 1993 1999 2005 2011 2016
Year
Source: National Oral Health Survey in Japan

Figure 4. Changing pattern of mean number of present teeth for 35-44 and 65-74-year old groups
(1957-2016) [15].
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Figure 5. Trends in proportion of edentulous persons by age group (1975-2016) [15].
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Figure 6. Proportions of persons with 20 or more teeth by age group [15].

Figure 7 shows the prosthetic status of those 15 years and over in the Japanese population in 2016.
In total, the proportion without missing teeth (not needing prosthetic treatment) was 34.0%, and those
who completed prosthetic treatment was 28.3%. In Japan, the public insurance covers most prosthetic
treatments, such as dentures and bridges. Therefore, people can receive the prosthetic treatment they
require also at a reasonable price.

Figure 8 shows the changing pattern of the status of permanent teeth. In 1957, the number of
decayed teeth was greater than the number of filled teeth in all age groups. In those days, the whole
Japanese population was not covered by public health insurance. In 1961, all the population entered
the public health insurance system and access to dental treatment improved. The number of decayed
teeth on average decreased as time went on and the average number of decayed teeth (DT) was low
at 0.8 teeth in the total population aged five years and over, in 2016. The number of healthy teeth in
adults also decreased, and the number of filled teeth increased. Japanese health insurance is based
on the fee-for-service system, so the more filled teeth, the more fees dentists can get. It is necessary
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therefore to consider the inclusion of prevention in the insurance schemes. As people keep more teeth
than before, a preventive approach to dental care is more important.

[1No missing teeth [ Prosthetic treatment completed
[ Prostheic treatment partially completed [ Untreated
10% e E = ; T 1 1 1 1 | 1 B P18 1 1 1 11
| = — L L Tl |
80% - AN | T~
60% - . i
40% - —
20% - |
o5 ||

15~19 20~24 25~29 30~34 35~39 40~44 45~49 50~54 55~59 60~64 65~65 TO~T74 75~79 BO~B4 B85~

Age group (years old)

Source: National Oral Health Survey in Japan

Figure 7. Prosthetic status (2016) [15].
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Source: National Oral Health Survey in Japan

Figure 8. Changing patterns of permanent teeth (1957-2016) [15].

5.3. Data on Oral Health Related Factors

Many factors are thought to be involved in the caries reduction of both deciduous teeth and
permanent teeth in Japanese children. They include increased usage of different fluoride strategies,
improvement of tooth brushing behavior, reduced sugar consumption as well as improved awareness
of oral health through the public oral health check-up system for preschool and school children.

In Japan there is no systemic fluoride use, and only topical fluorides are available. Figure 9 shows
the trends in the proportion of persons (1-14 years of age) who received topical fluoride application.
In 1969, only 6% of children received topical fluoride application. Recent data shows that this increased
to about 60% and indicated a 10 times increase in exposure [15].
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The market share of fluoride toothpaste has also increased dramatically from 12% (1985) to 91%
in 2015 (Figure 10). According to the National Oral Health Survey, tooth brushing behavior also
improved for the whole population (Figure 11). Sugar consumption per person per year decreased
from on average 27.5 kg per person in 1970 to16.1 kg in 2015, a difference of 11.4 kg (Figure 12) [16].

These factors, as well as the sufficient numbers in the dental workforce and the universal
coverage of the public health insurance system have contributed to the improved oral health of
all Japanese people.

%
100 4

80 4

60

40

20 +

1969 1975 1981 1987 1993 1999 2005 2011 2016

Year
Figure 9. Proportions of persons (1-14 years of age) who had received topical fluoride application [15].
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Figure 10. Market share of fluoride dentifrice (1985-2015).
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Figure 11. Reported tooth brushing habit (1969-2016) (1 year of age and over) [15].
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Figure 12. Sugar consumption per person per year [16].

6. Future Challenges for Japanese Dentistry

Although the oral health status of Japanese people has improved, there still remain many problems
to be solved. These include: regional disparities in oral health and the total cost of health care, especially
in the elderly. Further, as Japan is subject to many natural disasters, we have to establish an emergency
oral healthcare system to cope in times of disaster and to train dental personnel to manage suitable
intervention programs. It appears also important technologically to develop a new tele-dental system
which can be used in the rural and remote areas of Japan without easy access to dental professionals to
access diagnostic and preventive care—this is also one of our challenges for the future.

6.1. To Reduce the Regional Difference

Japan consists of 47 prefectures. Figure 13 shows the regional differences in caries prevalence of
three-year-olds according to the data from nationwide health examinations of three-year-old children.
Caries prevalence in Japanese three-year-old decreased from 77.2% in 1963 to 17.0% in 2015 [17].
However, there remain substantial regional differences. In 2015, the caries prevalence in Okinawa
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prefecture (28.9%) was more than twice as high as Aich prefecture (11.2%). The number of carious
deciduous teeth (dft) shows the same tendency. At present public dental services are offered based on
the same rules and procedures throughout Japan. It might be advisable to develop special intensive
preventive programs for high-risk persons or regions.

W>80% 60~79% 40~59% 30~39% W20~29% M 10~19%

17.0% 'E
2
"‘;\.
j

1963 e 1981 1999 2015

Figure 13. Regional differences of caries prevalence in 3-year-olds by year [17].

6.2. To Decrease the Cost of Health Expenditure

Figure 14 shows the total health expenditure per capita by age group in 2015 [18]. This figure is
based on the total fee of both medical and dental public insurance schemes, and excludes the patients’
private contribution fees. According to the Survey on Economic Conditions in Health Care in 2015 [19],
the proportion of dental expenses provided by the public health insurance scheme is about 85.8% of
total dental health expenditure. The proportion of medical expenses borne by private fees was only
1.2% in 2015. So this figure can explain the general outline of Japanese health expenditure between the
medical and dental components of the insurance scheme. Personal contributions for dental services
are far higher than for medical care.

Aged 65 and older

yen
60% of total health

1,200,000 - s
[] Total health expenditure per capita expenl —
| 333,300 yen (3,030 USS) | ’ ]
1,000,000
E Dental expenditure per capita T
22,300 yen (203 USS)
800,000 - —
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400,000 -
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Figure 14. Total health expenditure and dental expenditure per capita by age group (Japan, 2015)
(110 yen =1 US$) [18].
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Total health expenditure per capita is 333,300 yen (3030 US$), and dental expenditure per capita is
22,300 yen (203 US$). Dental expenditure occupies 6.7% of total expenditure in general. It is amazing
that those aged 65 years and older use 60% of the total health expenditure. There is considerable
evidence showing the relationship between oral health and general health. Effective oral health
promotion programs targeting younger generations can therefore be expected to contribute to the
escalation of medical health expenditure for the elderly population.

6.3. Emergency Oral Health Systems in Times of Disaster

As Japan has one of the highest frequencies of natural disaster in the world, it is recognized that
special systems in the field of health are necessary as risk management tools [20]. In times of disaster,
the ordinary health care system may not function. In March 2011, Japan experienced its strongest-ever
recorded earthquake and tsunami disaster, and a nuclear power plant accident in Tohoku area. From
this catastrophic experience, we realized that not only is medical support necessary for the population
affected, but also that dental support is important to allow the people to maintain health and comfort
in times of disaster.

The roles of dental professionals in such times should include the following:

For victims: Identification of victims at the request of police

For survivors: Provision of emergency dental treatment
Oral healthcare for vulnerable people (especially older citizens)
Oral health education and oral health promotion materials

In the first stage of disaster, the first dental assessment at a shelter house was conducted by
non-dental personnel. Based on their assessment for the need of dental services, dental professionals
were sent to the affected area to deliver adequate dental care. An example of dental assessment items
at an emergency situation was developed and is shown in Table 4.

To make sure every type of dental personnel could respond appropriately to such an emergency
situation, training programs are being provided for the members of Japan Dental Association and
Japan Dental Hygienists” Association. Disaster dentistry is now included in the undergraduate dental
curriculum in Japan.

Table 4. Dental checklist items for the people at a shelter house in times of disaster.

Dental Checklist Items Contents

To know the number of the dental high-risk population is
important in the affected area. In the shelter house, to check
the number of elderly, disabled persons, and
pre-schoolchildren and to report them to the emergency
disaster office is a high priority. Then the manager of the office
can ask for dental support from an unaffected area.

D Dental high-risk population

To keep good oral health, it is necessary to check the
E Environmental settings availability of water and water-supply facilities, not only for
drinking but also for mouth-rinsing.

Necessary support for oral Check people’s oral hygiene behavior (brushing).

N hyeiene behavior Can they brush by themselves or do they need special care to
ve v clean their teeth and mouth?
Are there enough oral hygiene tool materials in the
T Tool materials for oral hygiene shelter house?
behavior (e.g., toothbrush, toothpaste, dental floss, interdental brush,

mouth wash, denture cleaning tablets etc.)

Do they need acute dental treatment?
A Acute dental treatment needs Is emergency dental treatment necessary, such as acute pain
and loss of dentures?

Limitation: Obstacles to receiving ~ How much damage to dental facilities (i.e., clinics and
L dental treatment in the affected hospitals) is there in the affected area?
area Is a mobile dental service necessary?
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6.4. Tele-Dental Systems in the Remote Areas without Dental Professionals

At present, there are six astronauts working in the International Space Station (ISS). These
members are special crews trained to live in the space environment with no access to a dental facility.
But in the near future, space technology will develop so ordinary people will also have the chance to
travel or live in space.

For the purpose of the astronauts’ oral health promotion, the Faculty of Dentistry, Tokyo Medical
and Dental University (TMDU) and the Japan Aerospace Exploration Agency (JAXA) cooperated to
develop the “Space Oral Health Promotion Project” to tackle the current and the possible dental or oral
problems in future long-term space flight [21]. It is a new challenge for us to develop “space dentistry”.

In Antarctica, Japan has the Showa Station. The Japanese Antarctic Research Expedition (JARE)
team has been engaging in research for more than one year in circumstances without access to a dentist.
At present, TMDU conducts tele-dental conferences with doctors in the Antarctica for dental support
of JARE members. Real-time diagnosis and adequate advice for dental troubles of JARE members can
be provided using an intraoral camera and a TV system.

We believe that the tele-dental system could be expanded for other remote or rural areas with
limited or no access to dental professionals. In such situations, oral self-care and prevention of
dental diseases are the most important strategies. By giving adequate advice using recent advanced
technologies, dentists can help these isolated population groups. Dentistry in the future may contribute
to oral health promotion for people everywhere on earth and also in space.

7. Conclusions

Japan has developed a system for providing high-quality and appropriate oral health care
efficiently. Therefore, the oral health status of the Japanese population has improved markedly.
Dental caries in children decreased remarkably. In adults and older populations, untreated decayed
teeth decreased and people are keeping more natural teeth than ever before.

Many factors are thought to contribute to these changes. Public oral health services are provided
according to the life stage of their populations and these services are mainly conducted by private
dental practitioners under contracts with local governments. The number of dental facilities increased
and the health insurance system helps by providing easy access to receiving dental treatment at
reasonable price. Fluoride usage has increased, and sugar consumption has decreased. People’s
awareness and behavior toward oral health have also improved. Japanese dentistry is now challenging
to solve the newly emerged oral health problems.
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