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Abstract 

Considering the increased incidence of oral diseases and continuous increase in dental 
costs, and the escalating implementation of ICT and U-healthcare, we here investigated the 

effect of a remote oral hygiene management program for reducing dental plaque, based on 
communication between a hospital and patients using information and communication 
technology. The plaque index of the participants in this study decreased markedly by the end 

of the program, indicating that the program improved the oral hygiene status of participants 
by improving their oral hygiene skills, subsequently leading to effective removal of dental 
plaque. This study illustrates a new oral hygiene management model that may suit the 

changing dental field by verifying the effectiveness of an oral hygiene program. 
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1. Introduction 

Information & communication technology allows individuals to manage their own health 

without time and spatial restrictions and is increasingly being applied in the medical field 
[1][2][3][4][5]. Implementation of comprehensive oral care education using ICT, which 
overcomes time and spatial limitations, and does not require patients to visit a hospital or 

dental office, may be highly effective to resolve these issues [6][7]. Considering the 
converging trend of ICT and healthcare, a study that investigates the effectiveness of an oral 
health management program using ICT may provide significant insights in the field of dental 

medicine in Korea [8]. Dental caries, a serious chronic oral disease, and periodontal diseases 
are the major cause of dental plaque, which are aggregates of bacteria in the oral cavity [9]. 
Dental plaque management is the most basic step of oral disease prevention. Patients need to 

be educated on how to manage dental plaque to help them develop the basic abilities and 
skills needed to manage their oral health for their lifetime. In the dental field, there has 
recently been a shift from a treatment-focused approach, which is taken after the onset of an 

oral disease, to a prevention-focused approach [8]. Thus, the importance of personalized, one-
on-one, repeated education has been emphasized as a method for the efficient management of 
dental plaque [9][10]. 

Thus, we here suggested a new oral health management model, by assessing the effect of a 
patient-hospital communication-based oral hygiene management program on dental plaque 
removal. 
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Figure 1. Oral health management service model using oral camera and smartphone 

2. Subjects and methods 
 

2.1. Subjects 

This study was conducted between January 2018, and March 2018. Although 25 patients 
initially participated in this study, five patients with poor attendance were excluded, and the 

remaining 20 participants were finally included in this pilot study. 
 
2.2. Subjects 

All participants were provided with an easily manipulatable oral camera (OSHIDE, Japan), 
a dental plaque disclosing agent, and oral hygiene care products, and received preliminary 
education. The participants were instructed to brush their teeth and manage their oral hygiene 

before applying a disclosing agent and taking images of dental surfaces using an oral camera. 
 
2.2.1. Preliminary education before program implementation 

Each participant visited the hospital prior to the start of the program for measurement of 
their patient hygiene performance (PHP) index after an oral examination. The participants 
were taught how to stain dental surfaces with a disclosing solution to be able to visualize 

dental plaque. In addition, the participants were taught how to use an oral camera, and how to 
upload images using the smartphone application [Table 1].  

Table 1. Preliminary educational information 

Titles Major contents 

Plaque disclosure and 
basic oral hygiene 

education  

- Lesson on identifying target teeth and dental surfaces for plaque disclosure 
- Lesson on how to brush teeth (rotation technique) 

- Lesson on how to use auxiliary oral health care products  
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Lesson on how to use 

an oral camera 

- How to use an oral camera on a dental surface stained 

- How to save and manage obtained images  

Use of smartphones - Lesson on how to upload images on the hospital’s mobile application 

 
2.2.2. PHP index measurement and taking images using an oral camera 

To visualize dental plaque for PHP index measurement, a plaque disclosing solution was 
applied to the target dental surfaces using a cotton pellet, and images of the dental surfaces 
were obtained using an oral camera. Participants were taught to be careful not to let the lens 

of the camera touch the dental surface directly while attempting to obtain a clear image of the 
surface. They were instructed to upload an image on the hospital’s mobile application once 
every day after they had brushed their teeth after a meal, regardless of the time of day.  A 

single dental hygienist at the hospital checked the uploaded image and measured the PHP 
index [Figure 2]. 
 

          
          (a) Oral camera and smartphone                                                (b) Taking an image of the dental surface   

Figure 2. Taking an image using an oral camera and smartphone 

2.2.3. Consultation and education regarding the PHP index measurement results 

To remove dental plaque from all teeth, it is necessary to employ an appropriate 

toothbrushing method, accounting for the different properties of each dental surface. An 
experienced clinical dental hygienist was in charge of providing education and management 
of patients in this study. The participants were first taught the basic toothbrushing method and 

were then taught how to brush teeth in different compartments of the oral cavity sequentially 
before starting the program. The participants then submitted a daily photographic image of 
their teeth after staining for plaque; this was evaluated by the dental hygienist on a daily basis.  

After the PHP index was measured based on the uploaded images, the participants were 
educated one-on-one lessons on oral hygiene methods from dental hygienists. The 
participants’ toothbrushing technique for areas with high rates of plaque build-up was 

corrected, and the participants were re-taught how to use an interdental brush and dental floss. 
In addition, the details of the education contents were documented and sent to the patients 
through social media platforms and email. The program was run for 2 weeks. A total of 10 

sessions were held, five sessions per week, from Monday to Friday [Table 2].  
 

2.3. Statistical analysis 

All collected data were analyzed using SPSS software (SPSS Inc., Chicago, IL, USA). The 
participants’ general characteristics were expressed as percentages, and a paired t-test was 
used to analyze changes in the PHP index before and after the program. The level of 

statistical significance was set at 0.05. 
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Table 2. Program contents 

Titles Major contents Measurement Period 

Preliminary education 
and PHP index 

measurement 

1. Lesson on how to stain teeth 

- Lesson on how to apply a 
plaque disclosing agent 

- Lesson on how to brush teeth 

(rotation method, Watanabe 

method) 

2. Lesson on how to use auxiliary 
oral hygiene products 

(toothbrush, interdental brush, 

dental floss) 

3. Lesson on how to use an oral 

camera and smartphone 
applications  

4. Preliminary PHP index 

measurement 

1:1 lesson 
(Participant: 

Manager) 
Three sessions 

Dental surface 

selection and tooth 

disclosure 

1. Selecting dental surfaces to be 

stained  

2. Applying a plaque disclosing 

agent 

Participant 

Run an ICT-based 

program 

-Ones a day for 2 
weeks 

(Monday to Friday) 

Oral camera imaging 

1. Staining the dental surfaces 

with a plaque disclosing agent  

2. Taking images of the stained 

teeth 
3. Saving the images 

Participant 

Upload on the 

internet website 

1. Uploading the images of the 

stained teeth  

2. Uploading the image files on 
the mobile application 

Participant 

Oral health 

management 

education  

(Remote education) 

1. Checking the uploaded files 

and measuring the PHP index  
2. Patient consultation, depending 

on the measurement results  

3. Re-education on oral hygiene 

management through patient 

consultation  

Remote education 

(Participant 

-Manager) 

Final evaluation 
1. Measuring the final PHP index 

after the end of the program 

2. Statistical analysis 

Final program 

evaluation 

 

3. Results 
 
3.1. General characteristics 

Participants included 11 women (55%) and 9 men (45%). Of these, 35% were in their 20 ’s, 
40% in their 30’s, and 25% in their 40’s. The subjective oral health status was good, normal, 
and poor for 30%, 45%, and 25% of all participants, respectively [Table 3]. 

Table 3. General characteristics 

Variables N % 

Sex 
Male 

Female 

9 

11 

45 

55 
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3.2. Changes in PHP index between before and after program implementation 

The mean PHP index, which was 2.75 points prior to program implementation, had 

decreased to 0.95 points after completing the 10 program sessions [Table 4]. 

Table 4. PHP index before and after the program implementation 

Variable Before  After  Reduction  p-value 

PHP index 2.75 ± 0.23 0.95 ± 0.21 1.80 ± 0.23 < 0.001*** 

Values are presented as mean ± standard deviation 
***Statistically significant by paired t-test 

 

3.3. Changes in PHP index over the course of the program 

The PHP index was measured at 2.75 points at the beginning of the program, but gradually 
decreased to 2.13 points by the 3rd session, 1.82 points by the 6th session, 0.97 points by the 

8th session and 0.95 points by the 10th session [Table 5]. 

Table 5. Changes in PHP index over the course of the program  

Variable Session 0 Session 3 Session 6 Session 8 Session 10 

PHP index† 2.75 ± 0.23 2.13 ± 0.20 1.82 ± 0.23 0.97 ± 0.19 0.95 ± 0.21 

Data are given as mean ± standard deviation 

 
4. Conclusion 

An oral hygiene management program that overcomes time and spatial limitations by 
providing comprehensive education on oral hygiene care, without requiring patients to visit a 
hospital, is urgently needed in the busy modern society, and by patients with chronic diseases 

who have limited mobility. Considering the increased incidence of oral diseases and 
continuous increase in dental costs, and the escalating implementation of U-healthcare, we 
here investigated the effect of a remote oral hygiene management program for reducing dental 

plaque, based on communication between a hospital and patients. The plaque index of the 
participants in this study decreased markedly by the end of the program, indicating that the 
program improved the oral hygiene status of participants by improving their oral hygiene 

skills, subsequently leading to effective removal of dental plaque. This study illustrates a new 
oral hygiene management model that may suit the changing dental field by verifying the 
effectiveness of an oral hygiene program using oral camera. 
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