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Abstract

Purpose – The purpose of this paper is to examine the effectiveness of oral hygiene promoting program
(OHPP) using a smartphone endomicroscope among students in elementary schools in Bangkok, Thailand, to
enable their oral hygiene maintenance and to compare oral health outcomes in the intervention program
between the experimental and control groups.
Design/methodology/approach – This is a quasi-experimental research study consisting of two groups, a
pretest, a posttest and a follow-up design. The student sample consisted of 59 fifth graders who matched the
study criteria on medium and low levels of teeth brushing skills. There were 29 experimental group
participants who completed the six-week OHPP using a smartphone endomicroscope. Another 30 participants
formed the control group involved in the ordinary oral health education program. The comparison data for oral
health behaviors (knowledge, attitude and practice (KAP)) and oral hygiene were statistically analyzed by
using multivariate analysis of variance (MANOVA).
Findings – Results indicated that the experimental group exhibited higher oral health behaviors regarding
KAPs and oral hygiene related to teeth cleanliness and gum health than the control group in the
postexperimental and follow-up phases. However, there were no statistically significant differences between
the two groups with regard to tongue cleanliness.
Originality/value – The students maintain their own oral hygiene due to a provision of activities related to
KAP concerns. The instrument helped the students to find tooth decay and dental plaque associated with teeth
cleanliness after brushing their teeth.
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Introduction
Oral hygiene problems affect the physical, mental and emotional health influencing in
childhood, which is associated with cardiovascular risk factors and subclinical
atherosclerosis in adulthood [1]. The 8th National Oral Health Survey, Thailand, in 2017
found 52% of 12-year-old students were affected by dental caries and gingivitis (66.3%).
Additionally, brushing rates after lunch decreased to 44.7%, and risk behavior in soft-drink
candy and snack increased to 13.4%. In Bangkok, first graders had a high level of caries in
primary teeth (55%) while gingivitis also affected the main group of children (76.8%) [2, 3].
These incidences devastated the overall mental health of students exerting an influence on
students’ daily life in terms of social skills and self-confidence as the main factor impacting
long-term quality of life [4].

According to a prior study in Thailand, 66.4% of students aged 11–12 years old were
exposed to cavity problems (meanDMFT5 2.17). Students in this age group brushed daily in
the morning at a rate of 75.3%, after school lunch at 51.0%, and 44.4% brushed before
bedtime. Over 80%of students consumed cariogenic snacks and drinks some days during the
past week [5]. Another study revealed that the student’s oral health-related behaviors,
notably knowledge and attitude, were important prerequisites for oral health-related
behaviors. This study found that most of the existing educational programs on oral health in
schools were not effective and sufficient. Thus, other models of education should be
considered based on the psychology or social learning theories, which can change the
individual behaviors and sustain them for a longer period [6].

In Thailand, programs aimed at preventing and solving oral health problems in
schoolchildren have been conducted by schools and the Ministry of Public Health where the
highest priority was given to oral hygiene care and protection through the provision of
knowledge and teeth cleanliness in dimensions of social and environmental conditions with a
continuous process. Some interventions included policies related to promoting access to
dental services, dental care, children’s oral health promotion project, parent and community
involvement, integration of health-promoting schools and oral hygiene promotion brushing
technique as well as setting a cavity-free target for every child born after 2026 [7, 8].

From implementation to school practice, various studies mentioned activities influencing
the improvement of students’ oral hygiene that identified the relationship between
knowledge, attitudes and practices (KAPs) on oral care in students as the result of a tooth
decay prevention program comprising dental cavity prevention, oral diseases, oral cancer
and the importance of healthy tooth brushing. The postexperiment demonstrated better oral
hygiene in students. However, promoting suitable oral health behaviors may not enable
students to realize the clear results in the corner of the mouth by themselves causing
obstacles for improving teeth brushing skills and oral hygiene for students [9]. Tooth
brushing given in prevention programs exists to help children understand which factors
impede adoption of tooth brushing recommendations and which efforts are necessary to
improve their tooth brushing abilities [10].

The evaluation of cleanliness after brushing teeth with the images in school found that an
oral health education program based on the use of quantitative light-induced fluorescence
(QLF technology) could be used in the clinical setting for plaque assessment by detecting
mature plaque as red fluorescence in photograph [11]. These can improve the oral hygiene
status. This visualization can help students to improve their brushing skills just like the
smartphonemicroscope, which can link images from a camerawhile in themouth and display
results via a smartphone.

Nevertheless, most of the existing implementations for promoting oral hygiene for
students starting at the kindergarten level to secondary education only emphasized
promoting students’ knowledge and practices [12]. Health education services and oral health
promotion at school can improve oral hygiene practices in the children. In this regard, the
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improvement of children’s brushing skills is necessary to be able to study KAP, teeth
cleanliness, gum health and tongue cleanliness, and to be able to see the results of brushing
immediately [9–11, 13]. There are studies in Thailand regarding the use of an endomicroscope
on students in primary school. The objective of this researchwas to examine the effectiveness
of the oral hygiene promoting program (OHPP) using a smartphone endomicroscope among
students in elementary schools in Bangkok to enable their oral hygiene maintenance and to
compare oral health outcomes in the intervention program between the experimental and
control groups. We hypothesized that students who receive OHPP using the smartphone
endomicroscope are more likely to exhibit improved oral hygiene and oral health KAP.

Methods
Study design and setting
This is a quasi-experimental research study consisting of two groups – a pretest and posttest
– with a follow-up design. Data were collected three times between December 2018 and
February 2019. This research was conducted at one elementary school in Bangkok. The
school was located quite far from the city center. The sample size was calculated from a
previous study [14] and included achieving 80 power at a 5% significant level (effect size: 0.5),
and the pooled variance was 7.19. The entire sample size was increased to 60 participants due
to the 20% increase in attrition and refusal. One week after having the postexperiment, one
student left the program. The experimental groups contained a total of 29 people including 9
male participants and 20 female participants. The control group contained 9 male
participants and 21 female participants. The intervention group received the developed
oral health education program, whereas the control group received the ordinary oral health
education program. The researchers had he experimental group participate in the program
after school while the control group returned home to prevent contamination between the two
groups. Students in both groups were asked not to discuss the activities during the trial
period.

Study population
The study population included upper elementary students in schools under the jurisdiction of
the Bangkok metropolitan administration.

Inclusion criteria
The study involved upper elementary students who (1) obtained medium to low brushing
skills according to the debris index (DI) [15] after brushing teeth and (2) had no plan to make
an appointment with the dentist for dental care within 10 weeks.

Exclusion criteria
Students were excluded if they were involuntarily committed to the activities due to the
feeling of being unsatisfied or unsafe or having impacts on students’ health.

Sampling procedure
This study applied purposive sampling to select a sample at a school under the jurisdiction of
the Bangkok metropolitan administration. The school conducted a health-promoting school
program for students in addition to having collaborative support from school administrators.
Inclusion and exclusion criteria for recruiting 60 samples were brought into consideration.
We used the method of simple sampling by drawing plots so that we can prevent the
contamination bias.
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Materials and instruments
The intervention program
The intervention program was revised from the protection motivation theory [16], a theory
that contained content relevance in motivating students to perceive information about oral
hygiene issues and oral health behaviors through various patterns of learning activities.
The program also applied the theory of self-efficacy [17] since its contexts promoted
perception of the risk of oral diseases and disease severity, as well as an expectation of
responsiveness in oral disease prevention. Additionally, promoting dental health in schools
was a primary concept that could induce more effectiveness in oral health behavior
promotion. In this respect, the researchers developed ten activities: (1) exploration oral
health, (2) plaque index examination, (3) dental checkup, (4) amiling children, (5)
information on dental health, (6) perception of oral risk, (7) how to properly clean teeth,
(8) questions and answers, (9) communication among home, school and dentist and (10)
sharing information. The ten activities were completed in one visit. The researchers
conducted and oversaw the training of the participants. The event happened twice a week
for 50 min to include all ten activities.

Healthy teeth
The healthy teeth have been approved by the dentists and are used by the researchers to help
carry out the project. The researchers with the help of dentists graded the participants based
on the pictures taken from the smartphone endomicroscope (Figure 1). The instrument was
developed from the assembly of a mini-camera with 10xmagnification lens [18] together with
the design of a handle and exploration component. The smartphone endomicroscope
contained four parts: (1) camera (2) lens (3) handle and (4) smartphone link. The equipment
provided the illustration of dental plaque and cavities in students and was brought into the
exploration of oral health activity. The study used the recorded images in the perception of
oral risk and communication among home, school and dentist activities. The next step
involved scoring and examining the validity of the instrument through interrater reliability
among three inspectors, including the school health teacher, health education teacher and
dentist. The correlation was found by specifying the validity value above 0.80. An obtained
value based on the validity test was 0.92.

Health knowledge, attitude and practice questionnaire
The researchers decided the score given to the participant by the data collection instrument
consisting of a measurement form relating to oral health behaviors concerning oral hygiene
care, food choice, oral cleaning, self-teeth checking and oral diseases. In measuring the
knowledge aspect component, the form included 20 items with four possible answers. IOC
(Item objective congruence) was between 0.68 and 1.00, and reliability was 0.87, and items of
knowledge difficulty index (p) were in a range between 0.30 and 0.73, while item
discrimination index (r) ranged from 0.20 to 0.80. Regarding attitude measurement that
represented perceived self-efficacy, feeling, belief, opinion, responsiveness and decision, the
form was a 20-item measure specifying both positive and negative statements by dividing
into a three-level score scale in which three points referred to students who agreed with the
statement, two points meant that the students who were uncertain with the statement while a
score of 0 indicated student disagreement with the statement. This form received an IOC of
0.90–1.00, a reliability of 0.88 and discrimination in the range of 0.20–0.87. According to the
practice aspect, a 20-item form was used in measurement with both positive and negative
question wordings, which consisted of a four-level classification: four points denoted regular
practice with 6–7 days per week, three points remarked frequent practice with 3–5 days per
week, two points addressed occasional practice with 1–2 days per week and zero point
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indicated no practice. This form received IOC of 0.90–1.00, the reliability of 0.80 and
discrimination in the range of 0.33–1.00.

Oral hygiene status was evaluated by a dental plaque score range developed from the
Community Periodontal Index (CPI) as a measure used by this research, in accordance with
the World Health Organization (WHO) survey manual. The study applied a blunt explorer
conformed to the periodontal probe as stated by the WHO specification manual. In total, six
teeth numbers of 16, 11, 26, 36, 31 and 46 [19] were examined using a scoring method that
ranges from 0 to 2modified by Greene andVermillion [15] (05more than 1/2 of anterior teeth
with observable plaque, 15 less than 1/2 of anterior teeth with observable plaque and 25 no
observable plaque). This instrument attained an IOC of 0.97. Simultaneously, Gumhealthwas
modified fromgingivitis index (GI) [20] score in the range of 0–2 (05moderate gingivitis with
swollen, inflamed and receding gums, 15 slight gingivitis with inflamed and bleeding gums
and 2 5 healthy gingiva), so the IOC was 1.00. The area of tongue coating was visually
investigated using the score in the range of 0–2 (0 5 1–1/2 tongue dorsum with coating,
1 5 less than 1/3 of tongue dorsum with coating, 2 5 no observable tongue coating) [21]
where the test gained IOC of 1.00.

Methodology
The intervention group participated in the 50-min program twice a week for six weeks
continuously led by the research staff. The main purpose of the program was to enable
students to perceive their own oral health problems via the smartphone endomicroscope and
then to record the results. For this experiment, the researchers worked with schools upon
mutual agreement. Each study participant joined willingly and with parental consent.

1  Mini-camera with 20X magnification lens installed inside

2  1 Luminous point

3  Length of exploring part at signal side

4 2 parts of articulated arm: (left-right)

5 Control switch for turning on and off

6   Handle used in oral check-up 

7  Hole for battery charger

Figure 1.
Smartphone
endomicroscope
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No participants were injured during the study, and no private information including
participants’ names was shared. The kit can be utilized for hygiene self-checking after
brushing to provide immediate feedback. A photo was displayed on a mobile phone or tablet
screen for keeping a record. With regard to knowledge enabling students to comprehend the
scope of oral hygiene care, food choice and oral cleaning, their teeth could be checkedwith the
mobile phone or tablet screen provided by the research team. Oral diseases and their relation
with attitudes on risk perception and oral hygiene mindfulness were demonstrated through
photos taken from the smartphone endomicroscope by students representing their oral health
problems. On the other hand, the control group received dental health education that was
provided as part of the elementary school health curriculum to encourage students to brush
their teeth during lunchtime and to learn about dental care and oral diseases in-class sessions,
which included a school oral checkup by the dentist once per semester.

Statistical analysis
Data on oral health outcomeswere collected three times to include (1) before the experiment in
November 2018; (2) following the six-week experiment period in January 2019 and (3) after a
ten-week experiment period in February 2019. The researcher conducts the examination
three times before, after and follow-up on the examination. There are three ways to measure
the dental health: the tongue, the teeth and the gums. Three levels of cleanliness include poor,
average and good. For teeth, the researchers used the DI. The measuring tool was taken and
improved for the tongue and gums.

Descriptive analysis results on mean and standard deviation of the scores of oral health
behaviors, such as KAP related to oral hygiene, teeth cleanliness, gum health and tongue
cleanliness, were compared between the experimental group and control group among three
periods by mean, standard deviation t-test and MANOVA with repeated measures at a
significance level of 0.05.

Ethical approval statement
This research protocol, number 246.1/61was approved by the Ethics Review Committee for
Research Involving Human Research Subjects, Health Science Group at Chulalongkorn
University in Bangkok, Thailand.

Results
Table 1 shows the characteristics collected from the 59 students at baseline. Table 2
summarizes the basic statistics of oral health behaviors in aspects of KAP and oral hygiene
regarding teeth cleanliness, gum health and tongue cleanliness of students participating in

Characteristic

Experimental
group
(n 5 29)

Control
group
(n 5 30) Total (n5 59)

Age, years (%) 10 2 (6.9) 2 (6.7) 4 (6.8)
11 25 (86.2) 24 (80.0) 49 (83.0)
12 2 (6.9) 4 (13.3) 6 (10.2)

Gender (%) Male 9 (31.0) 9 (30.0) 18 (30.5)
Female 20 (69.0) 21 (70.0) 41 (69.5)

Living arrangement of student (%) With both father and mother 24 (82.8) 25 (83.3) 49 (83.0)
Father or mother 2 (6.9) 3 (10.0) 4 (6.8)
Other (Aunt, uncle) 3 (10.3) 2 (6.7) 6 (10.2)

Having toothache (%) Yes 3 (10.3) 2 (6.7) 5 (8.5)
No 26 (89.7) 28 (93.3) 54 (91.5)

Table 1.
Baseline

characteristics
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the experimental group and control group among three phases, including independent t-test.
There were no statistically significant differences of baseline conditions between the
experimental and the control groups at baseline (see Table 3).

Six weeks after the conclusion of the experiments, researchers conducted a
postexperimental measurement. The follow-up process started four weeks after the
experiments were completed in order to study the duration of oral health behaviors.
Results from independent t-test and one-way MANOVA repeated regarding the preliminary
agreement test found that statistical values of Mauchly’s sphericity test indicated variation
within the experimental and control groups for each measurement of the mean scores of oral
health behaviors concerning knowledge (p < 0.001*), attitude (p 5 0.045*), practice
(p < 0.001*), teeth cleanliness (p < 0.001*), gum health (p < 0.001*) and tongue cleanliness
(p5 0.010*). So, all p-values were less than the specified significance level of 0.05, which can

Item

Experimental
group Control group

t p-valueMean SD Mean SD

Preexperimental phase
Knowledge 9.03 2.04 9.07 3.11 �0.05 0.965
Attitude 2.27 0.17 2.27 0.19 �0.10 0.924
Practice 2.74 0.32 2.70 0.26 0.52 0.608
Teeth cleanliness 0.86 0.33 0.87 0.38 �0.12 0.915
Gum health 1.78 0.35 1.74 0.42 0.46 0.646
Tongue cleanliness 1.17 0.54 1.17 0.46 0.04 0.965

Postexperimental phase
Knowledge 13.55 2.18 10.17 2.78 5.19 <0.001*
Attitude 2.50 0.19 2.26 0.27 4.01 <0.001*
Practice 2.91 0.20 2.63 0.33 3.93 <0.001*
Teeth cleanliness 1.36 0.21 1.04 0.32 4.51 <0.001*
Gum health 1.95 0.11 1.65 0.49 3.23 <0.001*
Tongue cleanliness 1.94 0.20 1.83 0.38 1.32 0.195

Follow-up phase
Knowledge 13.69 1.85 10.63 2.28 5.64 <0.001*
Attitude 2.55 0.13 2.18 0.22 7.74 <0.001*
Practice 2.98 0.21 2.70 0.30 4.26 <0.001*
Teeth cleanliness 1.50 0.34 1.14 0.37 3.91 <0.001*
Gum health 1.95 0.08 1.62 0.42 4.22 <0.001*
Tongue cleanliness 1.97 0.07 1.70 0.47 3.15 <0.001*

Note(s): Significant at p-value < 0.05

Source of variation of experimental and control groups
Wilk’ Lambda

Statistical values Multivariate F test p-value

Knowledge 0.51 27.11 <0.001*
Attitude 0.85 4.96 0.010*
Practice 0.87 4.18 0.020*
Teeth cleanliness 0.54 24.54 <0.001*
Gum health 0.99 0.17 <0.001*
Tongue cleanliness 0.38 46.10 0.852

Note(s): Significant at p-value < 0.05

Table 2.
Basic statistics of oral
health behaviors

Table 3.
Effectiveness of the
intervention program
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be concluded as the differences among mean scores of all factors for each measurement at a
significance level of 0.05. Hence, the outputs achieved a preliminary agreement responding to
the repeated measures ANOVA test.

The effectiveness of the intervention programwasmeasured by experimental and control
group students’ scores on oral health behaviors regarding knowledge (Wilk’ Lambda5 0.51,
F5 27.11, p < 0.001*), attitude (Wilk’ Lambda5 0.85, F5 4.96, p5 0.010*), practice (Wilk’
Lambda 5 0.87, F 5 4.18, p 5 0.020*), teeth cleanliness (Wilk’ Lambda 5 0.54, F 5 24.54,
p < 0.001*) and gum health (Wilk’ Lambda 5 0.99, F 5 0.17, p < 0.001*). This results in
p-values of less than 0.05 indicated that the developed program had an influence on both oral
health behaviors KAP and oral hygiene of the experimental and control groups as the
statistically significant differences at the 0.05 level. For tongue cleanliness (Wilk’
Lambda 5 0.38, F 5 46.10, p 5 0.852) at p > 0.05, it can be concluded that the influence of
the developed program on oral hygiene concerning tongue cleanliness showed no statistically
significant difference between experimental and control groups at the level of
significance 0.05.

Discussion
This OHPP was purposely provided for fifth-grade elementary students in order to
improve oral health behaviors and oral hygiene regarding KAP on avoiding dental
plaque, gingivitis and tongue coating compared to the control group who received an
ordinary oral health education program. Outcomes exemplified success in changing
students’ oral health behaviors between the experimental and control groups in aspects
of KAP as well as oral hygiene regarding teeth and gum cleanliness [12], while the
results on tongue cleanliness showed no statistically significant difference at a
significance level of 0.05 [21].

This program has an effect on oral health behavior change of students in both the
experimental and control groups compared to before the experiment. As the outcomes on oral
health behaviors eventuated in oral hygiene of students concerning teeth cleanliness and gum
health, parents should be included in the oral health program so that they can help guide
students at home when it comes to oral activities [10, 13], whereas results related to tongue
cleanliness indicated no statistically significant difference in oral health outcome changes.
These findings suggest that a provision of activities created opportunities for students to
independently improve teeth brushing skills by checking for teeth cleanliness after brushing,
which could shape their self-perception and self-improvement from the recorded performance
[8, 16, 17].

Students’ oral health behaviors regarding KAP arose from the intervention program
associated with the use of photos taken by smartphone endomicroscope, video media and
experiment-based activity provision through students’ self-observation and self-analysis of
causes and effects in relation to their own oral health behaviors and oral hygiene problems
[11, 22]. Students see the pictures and understand where they have not cleaned thoroughly.
Furthermore, using the images of students’ oral hygiene from the smartphone
endomicroscope device could enable students to perceive problems seen by the camera,
thus informing them on issues of dental plaque and caries process [11, 23]. This information
transferring can be useful to dentists.

Oral care in relation to teeth cleaning can be performed by the use of a smartphone
endomicroscope to explore dental plaque built up on teeth, so this method enabled students to
improve their own brushing skills. Moreover, image visibility on the smartphone showed not
only dental plaque but also other oral health problems, including decayed, chipped or
crowded teeth and gingivitis that affected students’ psychological anxiety resulting in oral
health self-care practices [24]. Environmental management could help promote oral care in
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students, for example, sinks and washroom accessories seemed to offer more opportunities
for students to brush their teeth at school.

Students in the experimental group exhibited better improvement of oral health
behaviors, which had an effect on students’ oral health hygiene development associated with
teeth cleanliness and gum health. Both components have a direct relationship to each other in
that healthy teeth lead to healthy gums. The oral health program should consist of both gum
and teeth care [14]. The plaque load in students was caused by bacteria accumulation without
cleaning for a long time. Likewise, the daily routine of students (i.e. chatting and drinking
water) would reduce plague concentration [25].

Limitations
First, the school was located far from the city center. In fact, even under the care of a dentist,
students received dental care only once per semester. This study did not define inclusion
criteria on oral disease consideration that might cause differences of students’ oral hygiene
status in relation to outcomes that found incomplete crowns in tooth position of some
students; therefore, neighboring teeth must be used instead. Second, consideration of oral
health behaviors and oral hygiene to study the change encompassed mean examination
through a comparison between the value before and after the experiment and any follow-up
period by neglecting to focus on the number of people who were improved at various levels
in the future. Therefore, if a specified number of people with improved oral hygiene are
diagnosed, effectiveness of the intervention program will be more noticeable. Third, the
results of the present study could not represent every school child due to purposive sampling.

Conclusions
This study focuses on improving students’ teeth brushing skills and enhancing them to
discover and perceive their own oral health problems from the device usage. This effort could
increase student interest toward caring for teeth and tongue cleanliness, including gum
health checkups.

Conflict of Interest: None
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