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ABSTRACT

Objectives: Based on the strengths of augmented reality (AR), this study aimed to determine the dental plaque removal efficiency
of a guided brushing program in children. Methods: This randomized, controlled, double-blind crossover clinical trial evaluated the
plague removal rate after regular brushing versus AR-based guided toothbrushing in 20 children aged 5-12 years. Results: Overall,
the dental plaque removal efficiency of AR-based brushing was superior to that of regular brushing (p<0.05). When classified in
detail, no significant difference was noted in the plaque removal rate between the two brushing methods in the anterior region
(p=0.056), whereas a significant difference in the plaque removal rate was observed in the posterior region (p<0.05). Conclusions:
Based on these results, the efficacy of dental plaque removal for brushing using an AR-based smartphone application was
confirmed; thus, this can be used for oral health education incorporating ICT technology in the future.
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Introduction

Periodontal disease and dental caries were the Sth most expensive medical expenses in the first half of 2021 in Korea. Since the
statistical cost index includes systemic diseases, this ranking is quite high[1]. This means that treatment-oriented dental services are
being prioritized over preventive care. In addition, the cost of dental treatment is increasing due to this.

According to the 2018 Korean National Children’s Oral Health Survey, More than half of 12-year-olds have experienced dental
caries, and the average number of decayed tooth by 12-year-olds was 1.84, higher than the average of 1.2 in OECD member countries.
These statistical results suggest that more than half of school-age children suffer from dental diseases, such as dental caries; thus,
awareness of oral health requires improvement [2].

Dental plaque can lead to serious oral disease [3-6]; to prevent disease, various oral care tools are used to manage these dental
plaques, but it is difficult to manage them completely [7,8]. In addition, although knowledge about health can be improved using
existing health education methods [9,10], knowledge alone does not change oral health behaviors [11]. Augmented reality is being
used in various fields such as education and medicine that require behavioral change, and its effectiveness is gradually increasing
(12,13].

Brushing not only improves aesthetics by cleaning food residues left behind during eating and drinking, it refreshes the oral cavity
and prevents dental plaque formation and acid production [14]. Its mechanical action removes already formed and attached dental
plaque, and it is the most commonly used oral health care behavior in daily life [15]. Therefore, it is very important to develop correct
behavioral habits to encourage lifelong oral health management, ideally from childhood [16,17]. In addition, children should form
good habits before their permanent teeth erupt so that they can maintain a healthy oral condition for the rest of their lives [18,19].
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AR-based education provides a rich learning environment [20] because it includes additional virtual learning information and
enables self-directed experiential learning by allowing direct manipulation using the learner’s various senses [21-23]. Tooth brushing
education requires instruction on the area to be brushed accurately and education on how to brush, and education through video or
real objects is effective. Toothbrushing instruction requires on tooth area to be brushed accurately and education on how to brush
[24], and in non-face-to-face education, tootbrushing education is conducted through video media, or in face-to-face education,
education is conducted through real objects such as tooth models and toothbrush [25,26].

Since AR encourages induces users to act naturally and actively interact with virtual images, in this case in a brushing habit-
forming application, users can continuously and voluntarily develop appropriate toothbrushing and oral health care behaviors.

The purpose of this study was to evaluate whether plaque removal efficiency could be improved through toothbrushing using an
AR guide program designed to help learning to brush teeth properly by utilizing the advantages of AR.

Methods

1. Study subjects

The feasibility study was designed using two period cross-over design. This study included 20 subjects residing in C city for people
aged by 5-12, who agreed them and their parents to participate after understanding the purpose and contents of this study. This study
was approved by the Institutional Review Board (IRB approval No.: $-D20220008) and was conducted in accordance with the ethical
standards of the Declaration of Helsinki. The number of samples was calculated using the standard deviation of previous studies, and
the total number of samples was calculated as 20 considering the reliability of 90% and dropout rate of less than 10% [14].

2. Subject inclusion and exclusion criteria
1) Inclusion & exclusioncriteria

Table 1. Inclusion & exclusion criteria of this study

Criteria Contents
Inclusion criteria 1. Participants included age 5-12 years

2. Parents who can use an augmented reality toothbrush using a smartphone
Exclusion criteria 1. Participants with systemic disease

2. Difficulty opening the mouth
3. Fixed prosthesis covering three or more tooth surfaces
4. Current or past illness that could impact the study findings or procedure

2) Criteria for subject discontinuation and withdrawal

The present study could be discontinued or subjects could withdraw if they did not comply with or violated items stated in the
written informed consent form, if unpredicted severe complications occurred, or if a researcher or the principal investigator deemed
a subject inappropriate for continued study participation.

3) Subject identification
Subjects who met the inclusion and exclusion criteria specified in the study protocol and whose parents provided written informed
consent were assigned a unique identifier, formatted as YDF-18##, that was recorded on the corresponding case report form.

4) Overview of study procedures
The present clinical evaluation used a crossover design as described below.
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Visit 1 20 children aged 5-12 who agreed ST
(day 1) Bk partlmpatedafter under?te;jr.ldmg ;he | ¥ Plauge index measurement after
purpose and contents of this study manual brushing
y
fgfslas::g No toothbrushing, gargling, or chewing gum from 24 hours
| before the second visit
(day 6)
y
Measurement
Visit 2 3 minutes of using the AR-based ¥ Plauge index measurement after
(day7) [T toothbrush guide app — using the AR-based toothbrush
guide app
¥" Guardian’s satisfaction survey

Fig. 1. Flow chart of the study procedure (AR: augmented reality)

5) The clinical study procedure

(1) Preparations

This randomized doubleblind clinical study was designed to evaluate for smart brush. During the screening process, the subject’s
appropriate oral health condition and written consent were obtained, and evaluation was performed using a manual toothbrush, and
brushing was standardized by the Fone’s method. After that, at the second visit, dental plaque removal effect after using the smart
toothbrush was evaluated, and compared with that of first visit.

6) Observation items and clinical exams

(1) Plaque index test

A disclosing solution (Trace, Disclosing Solution; Young Dental, Earth City, MO, US) was applied to all erupted teeth, and plaque
deposit intensi-ties and locations were observed.

After cleaning of all tooth surfaces dried using air syringe, the disclosing solution was applied using cotton pellets moistened with
the solution. Once the surfaces of the teeth had been dried, they were evaluated using the Patient Hygiene Performance (PHP) index.
The following tooth surfaces were evaluated: buccal surface of the maxillary right first molar, labial surface of the maxillary right
central incisor, buccal surface of the max-illary left first molar, lingual surface of the mandibular right first molar, labial surface of
the mandibular left central incisor, and lingual surface of the mandibular left first molar.

(2) Use of a smart toothbrush

Brush Monster Toothbrush <Fig. 2>, an augmented reality, recognizes the location of the toothbrush through a smart device, and
based on this, a guide for the user’s brushing area is followed on the smartphone. Through game-based content, it guides you in
getting rid of germs in your mouth so that you can brush your teeth without missing parts.
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Fig. 2. Screen view offered by Brush Monster

Tailored education was provided using a smart toothbrush. Each child used their dominant hand regardless of side and had the
option of choosing a toothbrushing technique (scrub, Fones, or Bass). Based on the tailored education, the children could not only
develop an effective toothbrushing technique, using a total of 16 steps, from brushing the teeth in the order of occlusal, buccal, and
lingual surfaces (starting from the occlusal sur-face in the mandibular left and ending at the lingual surface in the maxillary right),
but they were empowered to do everything on their own from the beginning to the end of the toothbrushing process (from squeezing
toothpaste on the toothbrush to washing the cup). Each subject was provided a Brush Monster, and after they completed the training.

The AR-based smart toothbrush used in the present study was intended to instruct the children how to correctly brush step by step.

3. Statistical Analysis

The study used two period cross-over design. This study measured tooth-brushing performance and time and oral hygiene using
manual toothbrush and after using smart toothbrush. The paired t-test and two groups t-test was used to determine the significant
difference in tooth-brushing performance and each test-outcome variable within a group. Statistical significance was set at p<0.05.
All statistical analyses were conducted using the IBM SPSS program (ver 26.0; IBM Corp., Armonk, NY, USA).

Results

1. Outcome assessment

1) Study subjects
A total of 20 children without any prior toothbrushing education participated in the present study. Of them, 12 were boys and 8
were gitls; 9 were 5 years old; 2 each were 7, 8, and 9 years old; and 1 was 10 years old. The mean participant age was 6.35 years.
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2) Assessment of changes in dental plaque

(1) Overall assessment

The visit 1 assessment of the effects of manual toothbrushing in the 20 subjects showed that the mean PHP index score decreased
from 20.30 points (£3.73) before toothbrushing to 13.35 (£:5.08) after. After a 6-day washout period, the effects of the AR-based
vibrating toothbrush used in conjunction with the associated educational pro-gram were assessed during visit 2. The mean PHP
index score decreased from 22.00 (+-3.63) before toothbrushing to 6.35 (£6.19) after toothbrushing <Table 2>.

Table 2. Comparison of changes in dental plaque index between manual toothbrush and AR guided toothbrush

Subject Manual toothbrush AR guided toothbrush
Pre Post Change rate (%) Pre Post Change rate (%)

1 18 8 -55.6 19 6 -68.4
2 20 12 -35.0 23 4 -82.6
3 22 9 -31.8 21 7 -66.7
4 12 8 -16.7 18 7 -61.1
5 27 18 -33.3 20 3 -85.0
6 27 27 -33.3 27 13 -51.9
7 18 10 -22.2 23 10 -56.5
8 19 7 -42.1 24 12 -50.0
9 23 16 -21.7 23 2 91.3
10 23 6 -39.1 22 9 -59.1
11 26 13 -38.5 18 7 -61.1
12 18 9 -38.9 25 8 -68.0
13 17 17 -23.5 25 0 -100.0
14 18 15 -44.4 14 0 -100.0
15 23 20 -21.7 27 0 -100.0
16 21 15 -42.9 22 0 -100.0
17 19 13 -52.6 19 0 -100.0
18 18 13 -38.9 28 21 -25.0
19 19 15 -52.6 24 18 -25.0
20 18 16 -38.9 18 0 -100.0
Mean=+SD 20.3043.73 13.35£5.08 -36.2 22.00£3.63 6.351+6.19 -72.6
P <0.001 <0.001

‘by paired ttest, AR: augmented reality

Comparison of plaque removal efficiency between the Brush Monster and the manual toothbrush showed that the PHP index
score decreased by an average of 15.65 and 6.95 points, respectively. The mean plaque removal rate with the Brush Monster was
72.6%, approximately twice as high as that for the manual toothbrush (36.2%, p<0.05).

(2) Assessment of anterior and posterior teeth

The plaque removal effects of the Brush Monster versus manual brushing were as-sessed separately for the anterior and posterior
teeth. In the anterior teeth, the mean PHP index score was 7.35 points (1-2.32) before and 3.50 (£-2.04) after manual brushing, show-
ing a decrease of 3.85 points. In the posterior teeth, the mean was 12.95 (4-3.30) before and 9.85 (+4.46) after manual brushing,
showing a decrease of 3.10 points <Table 3>. The plaque removal effects of the AR-based vibrating toothbrush, however, were as
follows: In the anterior teeth, the mean PHP index score was 7.70 (+:2.18) before and 2.30 (+£2.64) after using the AR-based
toothbrush, showing a decrease of 5.40. In the posterior teeth, the mean PHP index score was 14.30 (£3.29) before and 4.05 (+5.03)
after using the AR-based toothbrush, showing a decrease of 10.25 <Table 4>. Thus, the difference in the plaque removal effects in
the anterior teeth between the manual and AR-based smart vibrating toothbrushes was 1.55 points (+3.41), with the effect being
greater for the AR-based tooth-brush, although the difference was not statistically significant (p=0.056). In the posterior teeth, the
difference was 7.15 points (4-5.65), with the plaque removal effects being greater in the AR-based smart vibrating toothbrush as well,
although this difference was statistically significant (p<0.05).
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Table 3. Comparison of changes in dental plaque index according to anterior site and posterior site in manual toothbrush

. Manual toothbrush AR guided toothbrush
Subject
Pre Post Change rate (%) Pre Post Change rate (%)

1 10 3 -70.0 8 5 -37.5
2 7 5 -28.6 13 7 -46.2
3 7 5 -28.6 15 4 -73.3
4 2 2 0.0 10 6 -40.0
5 9 3 -66.7 18 15 -16.7
6 9 9 0.0 18 18 0.0
7 4 0 -100.0 14 10 -28.6
8 8 3 -62.5 11 4 -63.6
9 5 0 -100.0 18 16 -11.1
10 9 2 -77.8 14 4 -71.4
11 10 3 -70.0 16 10 -37.5
12 7 3 -57.1 11 6 -45.5
13 4 4 0.0 13 13 0.0
14 8 5 -37.5 10 10 0.0
15 5 2 -60.0 18 18 0.0
16 9 3 -66.7 12 12 0.0
17 10 4 -60.0 9 9 0.0
18 7 3 -57.1 11 10 9.1
19 10 6 -40.0 9 9 0.0
20 7 5 -28.6 11 11 0.0
Mean+SD 7.351+2.32 3.50+2.04 -50.6 12.95+3.30 9.85+4.46 -24.0
D <0.001 <0.001

‘by paired ttest, AR: augmented reality

Table 4. Comparison of changes in dental plaque index according to anterior site and posterior site in manual toothbrush
in augmented guided tootbrush

. Manual toothbrush AR guided toothbrush
Subject
Pre Post Change rate (%) Pre Post Change rate (%)

1 6 2 -66.7 13 4 -69.2
2 8 0 -100.0 15 4 -73.3
3 4 0 -100.0 17 7 -58.8
4 3 1 -66.7 15 6 -60.0
5 10 3 -70.0 10 0 -100.0
6 9 8 -11.1 18 5 -72.2
7 6 4 -33.3 17 6 -64.7
8 10 7 -30.0 14 5 -64.3
9 10 1 -90.0 13 1 -92.3
10 10 6 -40.0 12 3 -75.0
11 6 4 -33.3 12 3 -75.0
12 10 5 -50.0 15 3 -80.0
13 9 0 -100.0 16 0 -100.0
14 5 0 -100.0 9 0 -100.0
15 7 0 -100.0 20 0 -100.0
16 9 0 -100.0 13 0 -100.0
17 10 0 -100.0 9 0 -100.0
18 8 4 -50.0 20 17 -15.0
19 7 1 -85.7 17 17 0.0
20 7 0 -100.0 11 0 -100.0
Mean=+SD 7.70£2.18 2.302.64 -71.3 14.30£3.29 4.05£5.03 -75.0
D <0.001 <0.001

‘by paired t-test, AR: augmented reality
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Discussion

Oral health behavior develops in early childhood; accordingly, lifelong oral health habits are influenced, and appropriate education
at the relevant time is important [27]. Toothbrushes are also closely associated with tooth loss, periodontal disease, and gum eclipse.
These conditions are closely associated with systemic diseases in adulthood, difficulty forming positive oral health management
behaviors, and limited ahility to perform complicated oral health management processes [28,29].

With the advanced development of extended reality such as augmented reality and virtual reality, the application of ICT technology
to health maintenance programs is increasing. ICT technology can be used for tasks such as identifying and tracking oral health
problems, helping with diagnoses and treatment planning, assisting with surgical procedures, and predicting patient outcomes. AR-
based devices and software are also evolving to help track and analyze oral hygiene habits and provide personalized oral health
recommendations. However, the use of AR in oral health is still in its early stages and further research is needed to fully understand
its potential and limitations. Therefore, we conducted this study to evaluate the plaque removal effect using apps currently available
in the market and to review the applicability.

Until now, AR technology has been mainly applied to the field of oral surgery, but it is gradually expanding to the field of
education. Amantini et al [30] conducted a study to train children between the ages of 6 and 10 on how to brush their teeth using
AR technology. And it was announced that digital tools using AR have potential effects to motivate oral hygiene practice and
improve children’s health awareness. In addition, in the study of a control experiment targeting people with intellectual disabilities,
oral hygiene improved significantly in both the AR-based group and the visual data-based education, but the AR-based tooth
brushing education was found to be more effective [31].

A comparison of the removal efficiency of the tooth surface dental plaque using the manual toothbrush and the smart toothbrush
with the enhanced reality guide showed that the overall tooth surface dental plaque index was significantly reduced. This led to
significant results given the fact that guide-based brushing for persons with disabilities with previous behavioral restrictions can
better remove dental plaque on the tooth surface and reduce the gingival index [32]. Moreover, it has significance since electric oral
management products such as electric toothbrushes and water flossers are useful supplementary oral management tools [33-35].
Regarding changes in child behavior, these AR techniques can be combined with gaming techniques to arouse children’s interest,
and these repetitive behaviors and education aid in the establishment of correct health habits [36].

The use of an AR-based smart toothbrush in conjunction with an educational program significantly reduced PHP index scores
versus the manual toothbrush in the subjects evaluated in the present study. However, the effects of using the AR-based toothbrush
on plaque removal in the anterior teeth were not significant compared to those of manual brushing, while the difference was
statistically significant in the posterior teeth. Using the application to watch the person on the screen of the mobile phone, the
efficiency of removing dental plaque from the tooth surfaces that are difficult to see with the same plane mirror as the oral cavity is
lower than that of the anterior teeth. It is important to brush the teeth without falling into the oral cavity to remove dental plaque, and
it is very important to manage the gingival margin or brush the teeth in the lingual direction to prevent oral diseases [37]. Therefore,
it is necessary to reinforce special care for parts of the mouth where brushing is ineffective by increasing the time allocated to that
area in the brushing guide in the future.

This study could consider the augmented reality-based dental plaque removal effect and usability, but there are some factor in
interpreting it. First, the AR app guided brushing methods other than the Fones method, and other brushing methods may have
affected the removal of dental plaque. Second, in children who normally brush their teeth for less than 3 minutes, the effect of
removing dental plaque may be more evident due to the increased brushing time. Finally, it is difficult to generalize to a small sample.
Nevertheless, it is meaningful as there are currently few studies that have confirmed oral health indicators using AR-based apps.

This study secured an appropriate number of research participants based on existing clinical studies, but to generalize our findings,
reinforcement is needed further clinical studies are required.
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Conclusions

A clinical trial was conducted to investigate the removal efficiency of dental plaque on the tooth surface of an augmented reality-
based smart toothbrush.

1. The reduction effect of the overall plaque index seemed to decrease more than when using the augmented reality toothbrush.

2. When the parts devided, there was no significant difference when brushing the anterior part, but there was a significant
difference in the removal of dental plaque through brushing in the posterior part.

Through the results of this study, it was possible to confirm the possibility of using augmented reality as a media for toothbrushing
education, and it is expected that it can be used as a tool for oral health education as a tool for motivation.

Acknowledgements

This research was funded by the National Research Foundation of Korea (NRF), grant number 2021R1F1A1064231. The NRF was
funded by the Korean government (MSIT).

Conflicts of Interest

The authors declared no conflicts of interest.

Authorship

Conceptualization: JY Lee,; Data collection: MJ Park, JY Lee; Formal analysis: MJ Park, SB Jang, JY Lee; Writing-original draft: M]
Park, SB Jang, JY Lee; Writing-review&editing: MJ Park, SB Jang, JY Lee

References

1. Korea health insurance review & assessment service, Outpatient benefits by frequency of disease [Internet]. Korea health insurance review &
assessment service;2023[ctied 2022 Dec 31], Available from: https://opendata.hira.or.kr/op/opc/olapHifrgSickinfo.do.

2. ChoHJ,MaDs, Lee KJ, Jeong SH, Jung HW, Choi YH et al. 2018 Children’s oral health survey improvement plan and pre-planning research.
Osong: Korea Ministry of Health and Welfare; 2018: 45.

3. Thylstrup A. Bruun C, Holmen L. In vivo caries models-mechanisms for caries initiation and arrestment. Adv Dent Res 1994;8(2);144-57.
https://doi.org/10.1177/08959374940080020401

4. Kidd EAM, Fejerskov O. What constitutes dental caries? Histopathology of carious enamel and dentin related to the action of cariogenic
biofilms. J Dent Res 2004;83(1):35-8. https://doi.org/10.1177/154405910408301s07

5.  Starke EM, Mwatha A, Ward M, Argosino K, Jenkins W, Millemam J, et al. Acomparison of the effects of a powered and manual toothbrush on
gingivitis and plaque: a randomized parallel clinical trial. J Clin Dent 2019;30(1):24-9.

6. Colombo APV, Tanner ACR. The role of bacterial bofilms in dental caries and periodontal and peri-implant diseases: a historical perspective.
J Dent Res 2019;98(4):373-85. https://doi.org/10.1177/0022034519830686

7. Sowinski J, Petrone DM, Wachs GN, Chaknis P, Kemp J, Sprosta AA, et al. Efficacy of three toothbrushes on estab-lished gingivitis and plaque.
Am J Dent 2008;21(6):339-45.

8. Radzki D, Wilhelm-Weglarz M, Pruska K, Kusiak A, Ordyniec-Kwasnica I. A fresh look at mouthwashes-what is inside and what is it for? Int J
Environ Res Public Health 2022;19(7):3926. https://doi.org/10.3390/ijerph19073926

9. Tolvanen M, Lahti S, Hausen H. Changes in toothbrushing frequency in relation to changes in oral health-related knowledge and attitudes
among children-a longitudinal study. Eur J Oral Sci 2010;118(3):284-9. https://doi.org/10.1111/j.1600-0722.2010.00737.x

10. Kay E, Locker DA. Systematic review of the effectiveness of health promotion aimed at improving oral health. Community Dent Health
1998;15(3):132-44.

https://doi.org/10.13065/jksdh.20230004


https://doi.org/10.13065/jksdh.20230004
https://doi.org/10.13065/jksdh.20230004

Min-Ji Park - Suk-Bin Jang - Jae-Young Lee / Dental plaque removal efficiency of a smart toothbrush based on augmented reality in children + 41

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

3L

32.

33.

34.

Andrew R, Gay D, Maryann W, Maryann C, Randy J, Ronald L, et al. Six-month comparison of powered versus mannual toothbrushing
for safety and efficacy in the absence of professional instruction in mechanical plaque control. J Periodontol 2002;73(7):770-8. https://
doi.org/10.1902/jop.2002.73.7.770

Javornik A. Augmented reality: research agenda for studying the impact of its media characteristics on consumer behaviour. J Retail Consum
Serv 2016;30:252-61. https://doi.org/10.1016/].jretconser.2016.02.004

Park MJ, Yoo JM. Effects of perceived interactivity of augmented reality on consumer responses: a mental imagery perspective. J Retail
Consum Serv 2020;52(3):1-9. https://doi.org/10.1016/].jretconser.2019.101912

Duta M, Amariei Cl, Bogdan CM, Popovici DM, lonescu N, Nuca Cl. An overview of virtual and augmented reality in dental education. Oral
Health Dent Manag 2011;10(1):42-9.

Jensen O, Gabre P, Skold UM, Birkhed D. Fluoride toothpaste and toothbrushing; knowledge, attitudes and behaviour among Swedish
adolescents and adults. Swed Dent J 2011;35(4):203-13.

Dos Santos APP, de Oliveira BH, Nadanovsky P. A systematic review of the effects of supervised toothbrushing on caries incidence in children
and adolescents. Int J Paediatr Dent 2018;28(1):3-11. https://doi.org/10.1111/ipd.12334

Pujar P, Subbareddy W. Evaluation of the tooth brushing skills in children aged 6-12 years. Eur Arch Paediatr Dent 2013;14(4):213-9. https://
doi.org/10.1007/s40368-013-0046-3

Berzinski M, Morawska A, Mitchell AE, Baker S. Parenting and child behaviour as predictors of toothbrushing difficulties in young children. Int
J Paediatr Dent 2020;30(1):75-84. https://doi.org/10.1111/ipd.12570

Shin SJ, Ryu DY, Bae SM, Choi YK. Evaluation on the oral health promotion program effect from a part of community child center. J Dent Hyg
Sci2011;11(3):163-71.

Hwang GJ, Wu PH, Chen CC, Tu NT. Effects of an augmented reality-based educational game on students’ learning achievements and
attitudes in real-world observations. Interact Learn Environ 2016;24(8):1895-906. https://doi.org/10.1080/10494820.2015.1057747

Lai AF, Chen CH, Lee GY. An augmented reality based learning approach to enhancing students’ science reading performances from the
perspective of the cognitive load theory. Br J Educ Technol 2019;50(1):232-47. https://doi.org/10.1111/bjet.12716

Moro C, Phelps C, Redmond P, Stromberga Z. HoloLens and mobile augmented reality in medical and health science education: a
randomised controlled trial. Br J Educ Technol 2021;52(2):680-94. https://doi.org/10.1111/bjet.13049

Logeswaran A, Munsch C, Chong YJ, Ralph N, McCrossnan J. The role of extended reality technology in healthcare ed-ucation: towards a
learner-centred approach. Future Healthc J 2021;8(1):e79-84. https://doi.org/10.7861/fhj.2020-0112

Killoy WJ, Love JW, Love J, Fedi Jr PF, Tira DE. The effectiveness of a counter-rotary action powered toothbrush and conventional toothbrush
on plaque removal and gingival bleeding: a short term study. J Periodontol 1989;60(8):473-7. https://doi.org/10.1902/jop.1989.60.8.473
Addy M, Renton-Harper P, Warren P, Newcombe RG. An evaluation of video instruction for an electric toothbrush: comparative single-
brushing cross-over study. J Clin Perio 1999;26(5):289-93. https://doi.org/10.1034/j.1600-051X.1999.260505.x

Yoo SY, Chon JA, Seo JH, Moon HR, Jwa SK. Oral health education effect on primary school children. Int J Clin Prev Dent 2012;8(4):225-9.

Kim HK, Bae SM, Shin SJ, Ryu DY, Son JH, Eom MR, et al. The comparison of effect in oral health education frequency for elementary school
students from a part of community child center. J Korean Soc Dent Hyg 2011;11(5):759-71.

Rajchanovska D, Zafirova IB. Oral habits among pre-elementary children in Bitola. Contributions 2012;33(1):157-69.

Ekuni D, Yamanaka R, Yamamoto T, Miyauchi M, Takata T, Watanabe T. Effects of mechanical stimulation by a powered toothbrush on the
healing of periodontal tissue in a rat model of periodontal disease. J Periodontal Res 2010;45(1):45-51. https://doi.org/10.1111/j.1600-
0765.2009.01195.x

Amantini SNSR, Montilha AAP, Antonelli BC, Leite KTM, Rios D, Cruvinel T, et al. Using augmented reality to motivate oral hygiene practice in
children: protocol for the development of a serious game. JMIR Res Protoc 2020;17;9(1):e10987. https://doi.org/10.2196/10987

Patil S, Hedad A, Jafer AA, Abutaleb GK, Arishi TM, Arishi SA, et al. Effectiveness of mobile phone applications in improving oral hygiene care
and outcomes in orthodontic patients. J Oral Bio Craniofac Res 2021;11(1):26-32. https://doi.org/10.1016/j.jobcr.2020.11.004

Spieler EL. Preventing toothbrush abrasion and the efficacy of the alert toothbrush: a review and patient study. Compend Contin Educ Dent
1996;17(5):478-80.

Jeon BJ, Oh JS, Son SM. Effects of tooth brushing training, based on augmented reality using a smart toothbrush, on oral hygiene care
among people with intellectual disability in Korea. Healthcare 2021;9(3):348. https://doi.org/10.3390/healthcare9030348

Rodrigues CR, Ando T, Singer JDM, Issdo M. The effect of training on the ability of children to use dental floss. ASDC J Dent Child
1996;63(1):39-41.

https://doi.org/10.13065/jksdh.20230004


https://doi.org/10.13065/jksdh.20230004
https://doi.org/10.13065/jksdh.20230004

42 - J Korean Soc Dent Hyg 2023;23(1):33-42

35. Yunusovich MB, Ahadovich SA. Use of mouthwashes in the treatment of chronic catarrhal gingivitis in children. Middle European Scientific
Bulletin 2020;5:96-8. https://doi.org/10.47494/mesb.2020.5.69

36. Ciancio, Sebastian G. The dental water jet: a product ahead of its time. Compend Contin Educ Dent 2009;30(1):7-13.

37. Sandlund M, Lindh Waterworth E, Hager C. Using motion interactive games to promote physical activity and enhance motor performance in
children with cerebral palsy. Dev Neurorehabil 2011;14(1):15-21. https://doi.org/10.3109/17518423.2010.533329

ol
0y
s
iz
J

|5k ADFE R&2] X|HAMIR 9} M7= 2} Wt

x5

HPSH: & o7 ADIE 2 28 FYHAO| Jluto] NS Jlo|= mRIUS o|goro4 ofziolo| X|BiMZt HH 20| ofZH|
WatoH=X| ORI} SIRICE HPWE: O|ZUZ MAAMAIES S6101, 5-124] Of210] 20HS CHAOR Ut NET = X FAZY
HAZES ZHoID AMORIIZH 0%, BLTA J|9t NET 2% 3 XBMZY MARES %7roro4 HZBISIC) HPHDY: MyEo=
SYHN 7|ur YRITo| Ut FAWBCH B2t H RBO| PABIHUCHP<0.05). MPEHOR BRoHH MA|ROME £ 7bK| HaT Wy
2k Zak0 MABOAM ROl8t X0|7} SIAOLHp=0.056), TAILIME Zata HAHBOIM ROIe X0|7} 2SS HHRISACHp<0.05). ZE:
SYHM 7512 J[HIoE ATIEZS 0|83 YKol thet Kl M 252 HISKHOM, 3 ICT 7142 H2g 7LD 28 4
g o= perEiC,

Aol : SUHA, K|Bin e, AET

https://doi.org/10.13065/jksdh.20230004


https://doi.org/10.13065/jksdh.20230004
https://doi.org/10.13065/jksdh.20230004

