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ABSTRACT 

This study aimed to compare the effectiveness of supragingival plaque removal after oral hygiene education 

using virtual reality (VR) software in female secondary school students. This study was conducted as a field 

clinical trial on 90 students. Three schools were randomly selected and their PI (plaque index) was recorded 

using a standard method during clinical examination. The schools were divided into three groups. In the first 

group, oral hygiene education was provided in one session based on virtual reality. In the second group, oral 

hygiene education was provided orally in one session, and the third group was a control group in which no 

education was provided. After one month, all three groups were re-examined and the PI index was measured. 

Based on the results, the mean plaque on the teeth under study in the virtual reality group showed a statistically 

significant decrease after the intervention compared to before (P < 0.001). The mean plaque in the oral 

education group showed a statistically significant decrease after the intervention compared to before the 

intervention (P = 0.014). This difference was significant in the virtual reality and oral education groups 

compared to the control group (P < 0.01). The findings indicate that oral health education in general and virtual 

reality-based education, in particular, are effective in removing dental plaque and in improving and promoting 

oral health. 
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Introduction 

Dental plaque consists of a biofilm of microorganisms 

on the tooth surface that play an important role in the 

etiology of caries and periodontal disease [1-3]. Gram-

negative and Gram-positive bacteria present on the 

surface of dental plaque can cause gingivitis, which, if 

left untreated, can lead to gingivitis and periodontitis 

[4, 5]. The chronic form of gingivitis is observed in 

more than 90% of people and is accompanied by 

redness, swelling, bleeding, and sometimes bad breath. 

Periodontitis is a condition in which the gums and 

supporting tissues of the teeth are destroyed, which 

manifests as inflammation, bleeding, and redness of the 
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gums, often accompanied by periodontal pockets and 

may even cause tooth loss [6]. Plaque control is an 

effective way to treat and prevent gingivitis and is an 

essential part of all periodontal disease treatment and 

prevention methods [7-9].  

Tooth brushing is performed to remove plaque and 

debris from the tooth surface and maintain the health of 

the teeth and periodontal tissues. However, its use 

index is low. In addition, most people are unable to 

remove dental plaque, and daily experiences of dentists 

show that dental plaque is present even in people who 

observe oral hygiene, which indicates the inadequacy 

of traditional methods of hygiene education; therefore, 

brushing alone does not mean cleaning the tooth 

surfaces, but the technique used, the duration of 

brushing, and physical factors such as hand pressure 

also affect this process. The American Dental 

Association recommends brushing twice a day with 

gentle pressure and rotational or vibrating movements 

[10, 11]. However, the modified bass brushing 

technique, which emphasizes the removal of dental 

plaque, is also often recommended [12-14]. 

Carrying out health activities requires having sufficient 

information and knowledge that leads to motivation 

and ultimately the formation of behavior, but in most 

cases, the presence of knowledge alone does not cause 

behavior change. As with the measures taken, the 

DMFT index is still high. Therefore, for health 

education to be effective, newer ways must be sought 

[11, 15].  

Studies have shown that the use of video-based 

instructional formats has been very effective in 

teaching oral hygiene to individuals with mental 

retardation, even when using manual toothbrushes [16-

18]. Thanks to the widespread availability of mobile 

phones, laptops, and computers, the impact of health 

education through these media is undeniable. In 

particular, the positive impact of such programs on 

caring for other parts of the body has also been 

demonstrated [19, 20].  

The impact of multimedia software in an educational 

format such as virtual reality simulation in oral hygiene 

education has not been fully studied. Virtual reality is 

a computer program that, by bringing together multiple 

senses, evokes the real world for the user [21]. Given 

the increasing use of virtual reality technology, 

examining the audience's visual perception is one of the 

key issues in the human-environment relationship with 

this technology, which can be of particular importance 

in recognizing and promoting its educational, research, 

and design capabilities in the field of health and 

hygiene [22, 23].  

In previous studies conducted in the field of virtual 

reality, the effectiveness of this medium in education 

has been proven [24-27].  

Considering the priority of prevention over treatment 

and the low level of culture of the majority of society 

in the field of oral and dental health and the high costs 

resulting from improper performance in this field, we 

decided to use new methods of oral health education. 

By using virtual reality simulation and the use of three-

dimensional environments and objects, we seek to 

teach the correct and principled method of oral and 

dental health and involve people in this process. 

Therefore, this study was conducted to investigate the 

effect of teaching the correct way to observe oral and 

dental health based on virtual reality simulation on 

dental plaque in female students. 

Materials and Methods 

The present study was a randomized controlled field 

trial conducted on 90 female students. The inclusion 

criteria in the study were mild to moderate gingivitis, 

no systemic diseases, no continuous use (for 6 months) 

of medication, and no orthodontic treatment. The 

exclusion criteria included dissatisfaction, withdrawal, 

and unwillingness to cooperate with the project. The 

sample size was calculated based on the formula for 

comparing two means and based on the results of the 

pilot study on 10 students in the virtual reality group.  

Three schools that were geographically located in the 

city center and had a mix of students from different 

social levels were selected. In total, 230 students were 

examined in 3 schools, and 90 students with mild to 

moderate gingivitis were selected for the project. In 

each school, 3 groups of 10 students were randomly 

formed (virtual reality training group, oral training, and 

control group). 

PI was measured by clinical examination and using a 

detector tablet. Sampling was performed in the shade 

using natural light and on a chair while the examiner 

was positioned in front of each sample using a mirror 

and Abeslang. At the beginning of the work, 

demographic information including the age and 

education level of the student's parents was recorded.  

To examine dental plaque, the mouth was divided into 

6 sextants. The index teeth were teeth 46, 36, 26, 16, 

11 and 21. The FDI (Federation Dentaire International) 

system was used to name the teeth. In this method, each 

tooth is coded with two digits. The first digit indicates 

the patient's jawbone, which is assigned a number from 

one to four (1: upper right, 2: upper left, 3: lower left, 

and 4: lower right) and the second digit indicates the 

tooth number, which is numbered from one to eight 

from the central tooth area towards the third molar. In 
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this study, the Quigley-Hein plaque index, which is 

coded from zero to 5, was used. The highest degree of 

plaque seen on an index tooth surface was assigned to 

the entire corresponding tooth, and then the index 

plaque in each individual was calculated and recorded 

by summing the plaque of the index teeth and dividing 

it by 6.  

In the first group, after the initial examination and 

recording of the plaque index after using the detector 

tablet, each student put on a virtual reality headset and 

watched two 3D videos on the correct way to brush 

their teeth according to the Modified Bass technique 

and the correct way to floss their teeth. The detector 

tablet and its function are also introduced in one 

session. The second group was examined like the first 

group and the index plaque was recorded. Then, with 

the help of a tooth model, toothbrush, and dental floss, 

the previous educational items were taught orally in 

one session. The third or control group did not receive 

an educational plaque after the initial examination and 

index registration. After completing the first stage, 

about a month later, all three groups were re-examined 

and the final index plaque was recorded. To comply 

with ethical principles, health education was given to 

the control group after completing the second 

examination.  

After collecting the information, the data were entered 

into SPSS version 23 software and, while providing 

descriptive statistics, the normal distribution of the data 

was examined using the Kolmogorov-Smirnov test. 

Considering the age of the subjects with a normal 

distribution, the one-way analysis of variance test was 

used, and regarding the dental plaque variables, 

considering the lack of a normal distribution, the non-

parametric, Mann-Whitney, and Wilcoxon statistical 

tests were used. Fisher's exact test was used to compare 

qualitative variables in the three groups. The 

significance level was considered (α = 0.05) in all 

cases. 

Results and Discussion 

This study was conducted on 90 students in three 

groups of 30 (virtual reality training, verbal training, 

and control group). The mean age and frequency 

distribution of parental education level in the three 

study groups did not show any statistically significant 

difference, with P-values for parental age and 

education level being 0.38 and 0.52, respectively 

(Tables 1 and 2).  

Table 1. Comparison of mean age in the three study groups 

Statistical index 

Group 
Mean ± standard deviation ANOVA statistical test result 

Virtual reality training 16.8 ± 0.92 

P = 0.38 Verbal training 17.1 ± 0.84 

Control group 17.1 ± 0.94 

 

Table 2. Comparison of the frequency distribution of parental education levels in the three study groups 

Study group 

Variable name 

Virtual reality 

training 
Verbal training Control group 

Fisher's exact 

test result 

Mother's 

education 

level 

Illiterate 0 (0%) 2 (6.7%) 0 (0%) 

P = 0.52 
Underdiploma 16 (53.3%) 20 (66.7%) 19 (63.3%) 

Diploma 8 (26.7%) 4 (13.3%) 7 (23.3%) 

University 6 (20%) 4 (13.3%) 4 (13.3%) 

Father's 

education 

level 

Illiterate 0 (0%) 2 (6.7%) 3 (10%) 

P = 0.52 
Underdiploma 14 (46.7%) 16 (53.3%) 17 (56.7%) 

Diploma 8 (26.7%) 4 (13.3%) 4 (13.3%) 

University 8 (26.7%) 8 (26.7%) 6 (20%) 

The mean dental plaque index of 16 in the virtual 

reality (VR) group showed a significant decrease after 

the intervention (P < 0.001); while in the other two 

groups, no statistically significant difference was 

observed in the mean plaque index before and after the 

intervention (oral group P = 0.07 and control group P 

= 0.56). The mean changes also showed that the mean 

changes in the plaque index in the VR group were 

significantly higher than in the control group (P = 

0.002) (Table 3).  

The mean dental plaque index of 11 in the VR and oral 

groups showed a statistically significant decrease after 

the intervention compared to before the intervention 

(VR group P < 0.001 and control group P = 0.04), and 

the mean changes in the plaque index in the VR group 

with the other two groups and also in the oral group 

with the control group showed a statistically significant 
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difference (VR group with oral P = 0.006, VR group 

with control P < 0.001, and oral group with control P = 

0.019).  

The mean plaque index of 21 in the VR group showed 

a significant decrease after the intervention compared 

to before the intervention (P < 0.001); while there was 

no significant difference in the other two groups (oral 

group P = 0.06 and control group P = 0.49). In addition, 

the decrease in plaque index in the VR group was 

significantly higher than in the oral and control groups 

(VR group with oral P = 0.01, VR group with control 

P < 0.001) (Table 3).  

 

Table 3. Comparison of mean plaque of teeth 16, 11, and 21 before and after the intervention in the 3 study 

groups 
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16 

Virtual reality training 3.13 ± 1.1 4 (2-4) 3.27 ± 1.17 2 (1-3) P < 0.001 -0.87 ± 0.94 

Verbal training 1.13 ± 2.77 3 (2-3) 1.27 ± 2.33 4 (1-4) P = 0.07 -0.43 ± 1.3 

Control group 1.04 ± 2.4 2 (1.75-3) 1.09 ± 2.3 4 (0.75-3) P = 0.56 -0.1 ± 0.8 

11 

Virtual reality training 2.8 ± 1.3 3 (2-4) 1.77 ± 1.27 2 (1-3) P < 0.001 -1.03 ± 0.72 

Verbal training 2.77 ± 1.45 3 (1-4) 2.1 ± 3.53 4 (1-4) P = 0.04 -0.47 ± 1.17 

Control group 1.6 ± 1.59 1 (0-3) 1.87 ± 1.45 2 (0-0.25) P = 0.22 0.27 ± 1.08 

21 

Virtual reality training 2.63 ± 1.1 3 (2-4) 1.73 ± 1.23 2 (1-3) P < 0.001 -0.9 ± 0.88 

Verbal training 2.73 ± 1.46 3 (1-4) 2.1 ± 33.54 2 (1-4) P = 0.06 -0.4 ± 1.01 

Control group 1.47 ± 1.5 1 (0-3) 1.67 ± 1.35 2 (0.75-3) P = 0.49 0.2 ± 1.29 

*First quartile to the third quartile 

 

The mean plaque index of 26 in the VR group before 

and after the intervention showed a statistically 

significant difference (P < 0.001); while in the other 

two groups, this difference was not statistically 

significant (oral group P = 0.06 and control group P = 

0.19). Also, the mean plaque index changes in the VR 

group were significantly higher than the other two 

groups, and in the oral group were also significantly 

higher than the control group (VR group with oral P = 

0.001, VR group with control P < 0.001, oral group 

with control P < 0.046) (Table 4).  

No significant difference was observed in the mean 

plaque index of 46 before and after the intervention in 

the three study groups (VR group P = 0.23, oral group 

P = 0.67, and control group P = 0.59) (Table 4).  

The mean dental plaque index of 36 in the VR group 

showed a statistically significant decrease after the 

intervention (P < 0.001), and the comparison of the 

mean changes showed that it was significantly higher 

in the VR group than in the other two groups (VR group 

with oral P = 0.004, VR group with control P < 0.001) 

(Table 4).  

 

Table 4. Comparison of average plaque on teeth 26, 46, and 36 before and after intervention in the 3 study 

groups 
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26 

Virtual reality training 3.2 ± 0.85 3 (3-4) 2.27 ± 0.91 2 (2-3) P < 0.001 -0.93 ± 0.69 

Verbal training 2.43 ± 1.43 3 (1-3) 2.1 ± 13.11 2 (1-3) P = 0.06 -0.3 ± 0.79 

Control group 2 ± 0.98 2 (1-3) 2.3 ± 1.37 2 (1-3.25) P = 0.19 0.2 ± 1.24 

46 Virtual reality training 2.13 ± 0.78 2 (2-2) 1.93 ± 0.87 2 (1-2) P = 0.23 -0.2 ± 0.85 



Chang et al., Effectiveness of Virtual Reality-Based Training on Dental Plaque in Female High School Students 

20 

Verbal training 2.07 ± 1.01 2 (1-3) 1 ± 2.17 2 (1-3) P = 0.67 -0.07 ± 1.11 

Control group 2 ± 0.91 2 (1-2) 2.1 ± 0.96 2 (1.75-3) P = 0.59 0.1 ± 0.96 

36 

Virtual reality training 2.23 ± 0.68 2 (2-3) 1.53 ± 0.94 2 (1-2) P < 0.001 -0.7 ± 0.75 

Verbal training 1.93 ± 0.98 2 (1-3) 1.1 ± 83.02 2 (1-2) P = 0.44 -0.1 ± 0.71 

Control group 1.83 ± 0.87 2 (1-2.25) 2.13 ± 1.11 2 (1-3) P = 0.22 0.3 ± 1.21 

*First quartile to the third quartile 

 

Based on the data in the table above, the mean plaque 

in all teeth in the VR and oral groups showed a 

statistically significant decrease after the intervention 

compared to before the intervention (VR group P < 

0.001 and oral group P = 0.014), and these changes in 

the VR group were higher than in the other two groups 

and the oral group also showed a significant difference 

with the control group (VR group with oral P = 0.002, 

VR group with control P < 0.001, oral group with 

control P = 0.01) (Table 5). 

Table 5. Comparison of the average total plaque of teeth before and after intervention in the 3 study groups. 

Time 

Group 

Before intervention 

(Mean ± SD) 

After intervention 

(Mean ± SD) 

Result of Wilcoxon 

statistical test 

Changes 

(Mean ± SD) 

Virtual reality training 2.69 ± 0.62 1.92 ± 0.77 P < 0.001 -0.77 ± 0.46 

Verbal training 2.45 ± 0.91 2.0 ± 16.95 P = 0.014 -0.29 ± 0.62 

Control group 1.88 ± 0.79 2.06 ± 0.91 P = 0.29 0.18 ± 0.76 

Based on the results obtained, both verbal training and 

training based on virtual reality simulators have been 

effective in reducing the plaque index; however, the 

benefits of health training based on computer systems 

are their standardization, transparency, and 

repeatability.  

In face-to-face training, it is difficult to accurately 

transfer educational movements and topics and to 

understand and perform these movements equally with 

the trainer and the trainee. In addition, when training is 

solely based on a computer system, the person being 

trained can more easily focus on the educational topic 

as desired due to the absence of an observer and the 

emotional interactions encountered in face-to-face 

training, such as feelings of shame or embarrassment, 

which can be one of the most important reasons why 

virtual reality training is more effective than verbal 

training in our study. However, according to the results 

obtained in cases where there are insufficient facilities 

for training based on modern methods such as virtual 

reality, the effect of the therapist's words on the 

treatment process and the correction of incorrect health 

habits and teaching the correct way to do it are of great 

importance. Therefore, in addition to focusing on 

therapeutic measures, healthcare staff should always 

pay special attention to health education, even at the 

level of short oral education, especially in the field of 

oral health.  

Other studies have been conducted to learn health skills 

in the field of oral health, including the study by Lim 

et al. [16]. The results showed that the average 

percentage of plaque and bleeding decreased 

significantly compared to the initial start, but there was 

no significant difference between the different oral 

health education groups. Regarding the effect of 

educational intervention on the process of plaque 

reduction, this study is consistent with our study, but it 

is contradictory regarding the lack of difference 

between different educational methods, which is due to 

the use of personal education methods, self-education 

books, videos, and a combination of 2 or more of these 

educational methods in this study [16].  

Yamaguchi et al.'s study showed that the average caries 

removal score in the second and third sessions reached 

over 98, which was an increase of 3 points compared 

to the first session, and the average scores obtained in 

the assessment of pocket depth were measured at 1.2, 

2.7, and 3.3 sessions, respectively, which is a 

significant increase compared to the values measured 

before the training sessions [28]. This study also shows 

the effectiveness of the virtual reality simulator in 

learning dental skills in the results consistent with the 

present study [28].  

In the study of Jasinevicius et al. although no 

difference was observed in the quality of work of the 

two groups, the training time of the VR students was 

one-fifth of the CS group, which shows the 

effectiveness of VR in the training process, which is in 

line with our study [24].  

In the study of Fakhruddin et al. which aimed to 

compare the pain and anxiety of children during 

pulpotomy of primary molar teeth using the technique 

of playing a video in virtual reality and without playing 

a video, it was shown that the use of virtual reality 

glasses has a significant effect on reducing pain and 

anxiety in children during pulpotomy of primary molar 



Chang et al., Effectiveness of Virtual Reality-Based Training on Dental Plaque in Female High School Students 

21 

teeth [29]. In addition, children who were used to this 

technique in the first session were eager to use it in the 

next session, and overall, children paid less attention to 

the dentist's work process during work, which is 

consistent with the results of the present study [29].  

In the study by Harnacke et al. they observed a 

significant increase in health skills and improvement of 

gingivitis using computer-based training, especially in 

the Fones technique, which is consistent with the 

present study and shows the effectiveness of this new 

educational method [30].  

VR environments have also been used in other areas of 

health and treatment in the training process of medical 

and nursing students and medical staff in other fields, 

which have been associated with positive results 

similar to our study [31, 32].  

A pilot study by Maresky et al. aimed at using a VR 

environment in teaching first-year medical students to 

learn cardiac anatomy demonstrated the effectiveness 

of VR in teaching cardiac anatomy, showing that VR 

provides an anatomically correct and comprehensive 

VS environment that allows the learner to interact with 

cardiac anatomy, which is in line with our study in 

terms of the impact of virtual reality on the educational 

process [27].  

What was obtained from the results of the present study 

and many other studies discussed is that the 

effectiveness of VR in the educational field, especially 

in the field of health and treatment, is undeniable; 

although, as mentioned in some studies, due to the lack 

of studies in this field and the cost and complexity of 

the process of building a virtual reality simulator, it 

may not be possible to use it with certainty as a 

substitute for traditional educational or therapeutic 

methods; but as a supplement and educational aid, it 

will definitely be helpful and may, in the near future, 

with increased research in this field, be a leader in 

education and even treatment in the field of health and 

wellness, especially in the field of oral hygiene; 

because, given the great impact of oral and dental 

problems on an individual's health and the heavy costs 

that dentistry imposes on people and the economy of 

society, the need for a fundamental change in the oral 

and dental health education process is strongly felt. 

In virtual reality, by being in a virtual environment, the 

user, in addition to feeling physically present in the 

environment, is fully interacting with the environment 

without access to the real world. As a result, this 

interaction removes the limitations of the real world 

from the learner and allows the user to focus on 

educational matters completely without intermediaries 

in a simulated environment, regardless of the 

surrounding conditions. As in the present study, being 

in this new environment was more attractive to the 

students and the dropout rate for the follow-up session 

was much lower than in the other two groups. 

Conclusion 

This study aimed to compare the effectiveness of 

supragingival plaque removal after oral hygiene 

education using virtual reality (VR) software in female 

secondary school students. The findings of this study 

indicate that oral health education in general and VR 

education, in particular, can significantly reduce the 

average dental plaque in students compared to the 

control group. Therefore, by emphasizing the benefits 

of VR as an emerging educational technology and 

removing its potential barriers, an important step can 

be taken in promoting and improving oral health in 

society.  
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