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Abstract

Background

We investigated the factors influencing the utilization of teledentistry among dentists

to improve the effective use of teledentistry in clinical work. Further, we provided

suggestions to promote the development and improvement of teledentistry in the

dental industry.

Methods

We conducted a descriptive cross-sectional study using an electronic survey in a

sample of Chinese dental professionals. We designed 17 electronic questionnaires to

evaluate the basic information of the dentists and four areas of perception in dentists:

knowledge and attitude of the teledentistry, medical needs, teledentistry participation

satisfaction and telemedicine use. We summarized the survey results using descriptive

statistics and multivariate logistic regression analysis.

Results

601 dental professionals participated in the study. 90.8% of dentists were aware of

teledentistry, but only 51.7% agreed that teledentistry was effective in practice. The

utilization rate of teledentistry was 59.1% in the previous year. The factors affecting

teledentistry use were gender (OR=1.57, P<0.05), daily working hours (OR=1.86,

P<0.05), level of knowledge (OR=2.50, P<0.05), consultation needs (OR=0.46,

P<0.05), technology (OR=1.90, P<0.05) and network (OR=1.86, P<0.05).

Conclusion

Teledentistry should be combined with digital dental technology (e.g. 3D printing and

CAD/CAM), visualization technology (e.g. VR/AR) and 5G technology to provide

dentists with better technical standards and network transmission to help diagnose and

treat patients. Simultaneously, we should pay attention to the associated factors such as

understanding the degree of teledentistry, relevant demographic and sociological

characteristics and working hours. Considering the current progress, we should

optimize the process and efficiency in the teledentistry to increase its utilization

among dentists.
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Introduction

Teledentistry is widely used in different stages of the treatment process in stomatology,

including teleeducation, teleconsultation, telediagnosis and telemonitoring [1].

Teleeducation involves educating patients and dentists using telecommunication

technology. Mobile phone-based education programs are initiated in Saudi Arabia to

educate mothers of children under six about dental care [2]. Further, open apps on

mobile devices are developed in Brazil to utilize teleeducation in dental care [3].

Teleconsultation is when a doctor communicates with a doctor or a patient remotely to

analyze medical records and help to plan further treatment for the patient. For

example, Brullmannn et al. reported that the root canal opening could be identified

using transmitted pictures remotely through remote consultation. Hence, the senior

dentists can help the junior dentists improve the accuracy of identifying the root canal

opening [4]. Telediagnosis means that the image data collected by the staff onsite is

transmitted to the doctor through telecommunication technology, and the doctor gives

a precise diagnosis after reviewing them. Estai et al. reported that telediagnosis using

"store-send" mode is similar to the diagnosis given during traditional face-to-face

consultation, proving the accuracy and effectiveness of telediagnosis [5].

Telemonitoring improves the physician's involvement in monitoring the treatment of

the patient. Thus, increasing the rate of success. For example, orthodontists can use a

dental monitoring system (DMS) to monitor tooth movement remotely. Thus,

reducing patient return visits and avoiding complications [6].

The development of teledentistry is further boosted with the impact of the

SARS-COV-2 pandemic because the risk of transmitting the disease is high in

dentistry. Therefore, many dental hospitals and clinics have increased the resources

required for teledentistry to meet the treatment needs of dentists and patients [7].

Although teledentistry is widely used in dental care, some dentists do not understand

the concept and benefits of teledentistry and its application in the diagnosis and

treatment [8]. As a result, the utilization rate of teledentistry is not high, and the



resources of teledentistry are wasted.

Many studies investigated knowledge and attitudes towards teledentistry among

dentists [9,10]. According to the teledentistry attitude and consciousness study in

Saudi Arabia [9], most dentists agreed that teledentistry could guide and improve the

patient's condition but expressed concerns about technical reliability, privacy, and

diagnostic accuracy. The medical industry in the research, the lack of teledentistry use

many telemedicine resources used in research focused on the influence factors of

patients, such as in the studies on the influence factors of teledentistry use, the study

considering the patient’s sociological factors, factors such as health behavior to

analyze the influence factors of patients with effective use of telemedicine [11].

The studies exploring the factors influencing the utilization of teledentistry in dentists

are sparse. Dentists play an essential role in teledentistry as direct participants and

users of teledentistry. Thus, we investigated factors influencing the utilization of

teledentistry in dentists. Further, we provided suggestions to develop and improve the

utilization of telemedicine and technology in the dental industry.

Methods

Data sources

In regional hospitals in China to the practice of choice is the dentist to carry out the

electronic questionnaire, included in the standard for teledentistry used a dentist. We

sent questionnaires to 800 dentists via email. We received 689 completed

questionnaires, and the response rate was 86.13%. We scanned the questionnaire data

to eliminate questionnaires with missing values. Finally, we obtained 601 valid

questionnaires with an effective rate of 87.23%. All respondents signed informed

consent.

Definition and inclusion of variables

Through the literature method, this study summarized the current dentist, the main

content of the use of the teledentistry involved will determine the teledentistry

business scope for remote education, remote diagnosis, remote monitoring of four



aspects, at the same time into the possible effects of related factors, to the dentist

recently whether to use teledentistry as the independent variable within a year. We

designed the questionnaire by ourselves and tested for the reliability and validity by

self-filling. The questionnaire included four sections: basic information, cognition,

needs and satisfaction.

Basic Information: This section included gender (male, female), the level of

education (junior college or below, bachelor's degree, master's degree or above),

professional title (primary, intermediate and senior) and working years (1 to 5 years, 6

to 10 years, 11 to 20 years and more than 20 years). According to the National Health

Commission of China, hospitals were classified into three grades: Grade III, Grade II

and Grade I. The working hours were divided into four grades: 1 to 5 hours, 5 to 8

hours, 8 to 10 hours, and more than 10 hours.

Cognition: This section assessed two aspects: the degree of understanding of

teledentistry and the supportive attitude towards teledentistry. The question for

understanding the setting was, “What is the status of your understanding of

teledentistry?”. The question for support attitude setting was, “To what extent do you

think teledentistry can solve clinical problems?”. The answers were evaluated on a

scale of three levels.

Needs: Four major requirements were screened according to the clinical diagnosis

and treatment requirements. The specific questions were, “Do you have referral

needs?; Do you have any consultation needs?; Do you have any training needs?; Do

you have outpatient guidance needs?”. The responses were defined as dichotomous

variables (yes /no).

Satisfaction: The following questions were asked to evaluate the satisfaction

according to dentists’ participation in all aspects of teledentistry: “Are you satisfied

with the technical requirements of teledentistry?; Are you satisfied with the design



process of teledentistry?; Are you satisfied with the network transmission of

teledentistry?; Are you satisfied with the communication result of teledentistry?”. The

responses were defined as dichotomous variables (satisfaction/dissatisfaction). See

Table 1 for the specific variable assignment list.

Statistical Analysis

We used EpiData3.0 to create the database from recovered data and used SPSS

version 19.0 software to analyze the data. We summarized data using descriptive

statistics. We used the chi-square test, multivariable logistic regression analysis and

other statistical methods to determine the significant difference between various

factors.

Results

Demographic and professional characteristics of respondents

The study included 221 (36.8%) male and 380 (63.2%) female dentists. The average

age was 36.5 years. Among the professional titles, there were 251 junior titles (41.8%),

246 intermediate titles (40.9%), and 104 senior titles (17.3%). In terms of working

years, 219 (36.4%) worked for 1 to 5 years, 160 (26.6%) worked for 6 to 10 years,

106 (17.6%) worked for 11 to 20 years, and 116 (19.3%) worked for 20 years or more.

There were 413 dentists (68.7%) working in tertiary hospitals, 127 (21.1%) in

secondary hospitals and 61 (10.1%) in primary hospitals. In terms of working hours

per day, 130 (21.6%) worked one to five hours, 88 (14.6%) worked five to eight hours,

208 (34.6%) worked eight to 10 hours, and 175 (29.1%) worked more than 10 hours.

Results are summarized in Figure 1.



Figure 1 Demographic and professional characteristics of respondents

Univariate analysis of teledentistry utilization

We used the chi-square test to conduct univariate analyses of dental resource

utilization in recent teledentistry. The results showed that gender, hospital grade,

personal work hours per day, degree of understanding, acceptance, consultation and

training requirements, technology satisfaction, network transmission were

significantly associated with the teledentistry utilization among dentists (p < 0.05).

Teledentistry utilization was more frequent in female dentists than male dentists. The

utilization of teledentistry was reduced with the increased hospital grade. Dentists

working shorter working hours per day preferred to use teledentistry.

Further, the utilization rate increased with the higher degree of understanding about

teledentistry. Next, the utilization rate was higher in dentists supporting the

teledentistry than the dentists generally do not support. The dentists with consultation

and training requirements used teledentistry more frequently than those without such

requirements. Medical doctors who were satisfied with the technology and network

transmission had a higher utilization rate than those who were not. The results are

summarized in Table 2.

Multivariable analysis of teledentistry utilization

For the multivariable logistic regression, we defined the utilization of teledentistry by

the dentists in the last year as the dependent variable (yes=0, no=1), and statistically



significant factors in univariate analysis were included as independent variables. The

logistic regression analysis results showed that the main factors affecting the

utilization of teledentistry service resources were gender, daily working hours,

knowledge level, consultation needs, technology satisfaction and network satisfaction.

Among those, female dentists were more inclined to use teledentistry than male

dentists (OR=1.57, P<0.05), and the utilization rate was higher in the dentists working

1 to 5 hours a day (OR=1.86, P<0.05).

The dentists who knew telemedicine were more likely to use it compared with those

who did not know telemedicine (OR=2.50, P<0.05). The utilization rate of

teledentistry was higher in the dentists with consultation needs than the dentists

without consultation needs (OR=0.459, P<0.05). The utilization rate of teledentistry

was higher in the dentists who were satisfied with the technology and network than

those who were not (OR=1.90, P<0.05 and OR=1.86, P<0.05, respectively). Results

are summarized in Table 3.

Discussion

To our knowledge, this study is the first to assess the perceptions of Chinese dentists

about the effectiveness of teledentistry and the influencing factors. Most dentists were

knowledgeable about teledentistry, but this understanding was superficial and not

deep. Our results are consistent with an Australian study [12] in which most dentists

knew about teledentistry. However, in terms of the dentists’ attitudes, previous

research [13,14,15] reported that most respondents remained optimistic about

telemedicine expressing the benefits for doctors and patients. Further, telemedicine

has a particular reference value for improving dental treatment, patient management

and patient satisfaction. However, we found that the proportion of dentists with

supportive attitudes for teledentistry was not high in our study, and we investigated

the reason for this problem during the interview. Our results showed that the

knowledge level of teledentistry positively influenced the use of teledentistry in

dentists. Our finding is consistent with a study done in Saudi Arabia [9] that reported

successful adoption of telemedicine services depends on many factors, including the



skills, attitudes, knowledge of doctors, and healthcare organizations’ work ethics.

Further, the dentists felt that most dental treatments require hands-on problem solving

[16], and teledentistry is falling short of their expectations due to technical issues.

We found that gender was an associated factor in the utilization of teledentistry by

dentists, and the utilization rate of female dentists was higher than that of male

dentists. This result is consistent with the findings of a study done by S.P. Plaza-Ruiz

et al. [17] on teledentistry attitude. They found a significant difference in the increase

of knowledge and practice of teledentistry by gender, in which women had higher

values than men. The reason may relate to differences in user habits. Women prefer to

search for information and make friends through Internet tools, such as shopping and

communication apps and websites [18]. The working hours of dentists were also a

factor influencing the use of teledentistry [19]. Specifically, the dentists with more

free time were willing to use teledentistry more than those with less free time.

In diagnosis and treatment, we found that dentists who need consultation preferred to

use the services of teledentistry. Often, when junior dentists encounter complex oral

diseases to diagnose and treat, they need to consult a senior doctor for their guidance

and help [20]. Many studies show that remote consultation is a relatively quick and

convenient solution [21,22,23].

We found that satisfaction with teledentistry was also an essential factor influencing

the utilization of teledentistry in dentists. The system quality was a fundamental factor

determining doctor satisfaction, and satisfaction plays a significant role in system

acceptance [24]. Understanding the services of teledentistry is highly required due to

the distinctiveness in diagnosing and treating oral diseases [25]. For example, Zachary

et al. [26] found that teledentistry can be used for early caries assessment in dental

pulp diseases. Further, teledentistry can be used to evaluate caries using visual

photograph (CAM) technology to achieve the same effect as specialized optical

devices such as MID and CP-OCT. Treating oral wrong micromaxillary deformity

requires frequent follow-up visits to check the oral cavity and conduct trimming to

ensure the treatment effect. Roisin et al. [27] found that with the combination of

remote dental and DMS system technology, teledentistry can help orthodontic doctors



to monitor patients’ moving teeth remotely. Thus, reducing the patient appointment

rate and complications. In oral implant and prosthodontic diseases, digital impression

combined with teletechnology can assist patients’ oral treatment by performing the

preoperative evaluation, prosthodontic design and surgical simulation remotely [28].

With the advances in remote technology applications, the future direction of

teledentistry development should focus on how to combine remote technology and

oral digital technology effectively [29]. Then, apply such technology to dental clinical

diagnosis and treatment to help dentists to perform auxiliary diagnosis and treatment,

improving the work efficiency. Hence, it will improve telemedicine services and

satisfaction in dental care [30,31].

The network connection is also a relevant factor affecting teledentistry. An important

consideration for the dentist regarding remote use is whether the diagnostic

information obtained through the remote application is sufficient to make a complete

and reliable diagnosis by the professional [32]. For example, torres-Pereira et al. [33]

reported that oral mucosal diseases could be diagnosed remotely by sending

high-resolution images. However, high network transmission speed is required to

improve the efficiency of diagnosis due to very high requirements of image clarity

and color [34]. In addition to high-quality images, transmitted diagnostic information

include 3D scan data, high-definition CBCT and CT images or videos [35,36,37].

Therefore, it is helpful to combine teledentistry and 5G communication technology to

improve the network transmission speed. Thus, it will improve the utilization of

teledentistry and satisfaction among dentists [38.39].

Conclusion

In conclusion, factors influencing the utilization of teledentistry in dental treatment

were different from other medical disciplines. Oral health often involves a significant

amount of video-assisted diagnosis, and the actual operation is needed to complete the

diagnosis and treatment. Teledentistry should be combined with digital dental

technology (such as 3D printing, CAD/CAM), visualization technology (such as

VR/AR) and 5G technology to provide better technical standards and network



transmission to help diagnose and treat patients. At the same time, we should consider

the influencing factors such as the degree of understanding teledentistry, demographic

and sociological characteristics and working hours of dentists. Considering the current

progress in teledentistry, we should optimize the processes and improve the efficiency

to increase the utilization of teledentistry by dentists.

Availability of data and materials

All data generated or analysed during this study are included in this published article

[and its supplementary information files].
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