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Abstract

Introduction

Scientific evidence highlights the importance of E-Readiness in the adoption and implemen-

tation of E-Oral Health technologies. However, to our knowledge, there is no study investi-

gating the perspective of patients in this regard. Therefore, the objective of this study was to

explore patients’ E-Readiness in the field of dentistry.

Materials and methods

A qualitative study was conducted using interpretive descriptive methodology. Purposeful

sampling with maximum variation and snowball techniques were used to recruit the study

participants via McGill University dental clinics and affiliated hospitals, as well as private or

public dental care organizations. A total of 15 face-to-face, semi-structured and 60 to 90-

minute audio recorded interviews were conducted. Data collection and analyses were per-

formed concurrently, and interviews were continued until saturation was reached. Activity

theory was used as the conceptual framework, and thematic analysis was used to analyze

data. Data analysis was conducted both manually and with the use of “ATLAS-ti” software.

Results

Four major themes emerged from the study; unlocking barriers, E-Oral Health awareness,

inquisitiveness for E-Oral Health technology and enduring oral health benefits. These

themes correspond with all three types of readiness (core, engagement and structural).

Conclusion

The study results suggest that dental patients consider E-Oral Health as a facilitator to

access to care, and they are ready to learn and use E-Oral Health technology. There is a

need to implement and support E-Oral Health technologies to improve patient care.
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Introduction

Oral health has been recognized as a fundamental human right, yet more than 50% of the

world’s population is in need of suitable and affordable oral health care [1]. People with low-

incomes, senior citizens, individuals with special needs, new immigrants, refugees, Indigenous

peoples and those living in rural and remote areas face disparities and challenges in access to

oral health care [2, 3]. Factors such as shortage of oral health care providers and facilities, geo-

graphic barriers to access oral health care services and associated costs result in poor oral

health [4, 5]. Poor oral health can also be related to cultural and linguistic barriers, poor educa-

tion and oral health illiteracy [6–8].

The use of E-Health technology has been recognized as an innovative approach to address

the challenges in health care systems [9]. E-Health innovation has been defined by Eysenbach

et al. as ‘an emerging field in the intersection of medical informatics, public health and business,
referring to health services and information delivered or enhanced through the internet and
related technologies’ [10].

E-Health technologies, such as online communities, electronic health records, web portals

and telehealth applications, have been used in various disciplines, including dentistry, for dis-

ease diagnosis and screening, reducing health illiteracy, optimizing education, facilitating

exchange of information and improving communication between patients and health care

providers, as well as increasing access to health services [11, 12].

Despite the substantial potential impact of E-innovations on health care, implementation of

this technology still faces barriers that include E-Health illiteracy, lack of awareness and readi-

ness, unwillingness to use technology, high cost, need for training and long-term sustainability

of E-Health platforms [13–15].

The scientific literature highlights the importance of E-Readiness in the adoption and

implementation of E-Health technologies [15]. E-Readiness has been defined as “the degree to
which users, healthcare institutions, and the healthcare system itself, are prepared to participate
and succeed with e-health implementation.” [13]. Jennett et al. have introduced three E-Readi-

ness domains: Core readiness, Engagement readiness and Structural readiness. Core readiness

refers to “the need for telehealth services, a dissatisfaction with the status quo and an expectation
of change”. Engagement readiness refers to “understanding as well as assessing the advantages
and disadvantages of telehealth” and structural readiness is “the development of infrastructure
such as adequate human resources, technical structures as well as necessary training for tele-
health implementation” [13].

Accordingly, analysis of the E-Readiness framework revealed that there is a need to develop

specific assessment tools for various sectors such as stakeholders, managers, health organiza-

tions and health care providers [16]. However, the area of E-Health readiness assessment

needs further research before attempts are made to develop a more generic framework for dif-

ferent disciplines [16]. Based on our research, there is no study that specifically examines

e-readiness in the discipline of dentistry from a patient’s perspective. Therefore, the objective

of this study was to explore the readiness of patients to use E-Oral Health care and services.

Materials and methods

Ethics approval for this study was obtained from the Institutional Review Board of McGill

University’s Faculty of Medicine (Ethical approval registration number: A11-B63-18B). Signed

consent forms were obtained from all study participants. This study used a qualitative and

"interpretive description" approach to gain a deep insight into the perceptions of individuals

concerning E-Health technology [17]. “Interpretive description” methodology, introduced by

Thorne (1997), is suitable for small-scale qualitative studies and for research in the domain of
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clinical practice generating clinical practice-based knowledge [17]. It goes beyond the theoreti-

cal description of the phenomenon and offers more practical forms of the interpretation [17].

Study setting, participants, and data collection

The study participants were recruited from dental clinics and affiliated hospitals at McGill Uni-

versity, as well as other private or public health care clinics. The participants were seeking oral

health care for themselves, their children or other family members. All participants or their fam-

ily members from various cultural, educational and socio-economic backgrounds were eligible

to be included in the study. A semi-structured interview guide was designed based on the study

framework. A purposeful sampling with maximum variation, as well as a snowball sampling

technique were used to recruit the study participants [18]. This approach allowed us to collect

“information-rich” data and capture the perspectives of a wide range of people, regardless of

their backgrounds [18]. By using snowball sampling, the recruited participants were asked to

identify other participants who might be interested in participating in the study. Data were col-

lected using in-depth, face-to-face, audio-recorded and 60 to 90-minute interviews. The inclu-

sion criteria to participate in study were age above 18 years, Montreal resident and ability to

speak and understand English. The exclusion criteria were the non-willingness of the participant

to provide consent. These interviews were conducted by a postgraduate student (AKJ) trained in

qualitative research and at a place suited to the interviewee. Data collection and analysis were

performed concurrently, and interviews were continued until saturation was reached [19].

Data analysis

Analysis included transcription, debriefing, codification, data display, inductive-deductive the-

matic analysis and interpretation [20, 21]. Data were coded manually, then analyzed using

“ATLAS.ti” version 8 to facilitate the analysis. The first coding round used the principles of

text interpretation developed by Strauss and Corbin (1998). This method involved cutting the

transcript into significant sections [22]. We used an initial list of codes inspired by the type of

E-Readiness and, throughout the coding, we refined the list. Then, the codes and their respec-

tive texts were examined and grouped into broad themes (Table 1. Development of Catego-

ries). The preliminary interpretations were reviewed during research team meetings, and

themes were elaborated collectively.

Conceptual framework

The Activity Theory framework adopted for E-Health readiness assessment was used as the

conceptual framework for this study, as shown in Fig 1 [23, 24]. The Activity Theory offers a

philosophical structure for studying the developmental processes that interlink individuals

and society [25]. This sophisticated tool has potential to provide a rich, systematic and more

structured description of human activities in any complex and dynamic environment [26].

It provides a helpful paradigm to understanding the meaning of technology for people,

including human experience, needs, environment, motivations, complexities and efficiency of

emerging technologies [25]. As shown in Table 2, this framework was used in the development

of the interview guide, in understanding user behavior and associated broader contextual

problems on E-Health technology usability and in analysing the data [23].

Results

The profile of the study participants is shown in Table 3. Data saturation was reached after the

10th interview; however, data collection continued up to the 15th interview to ensure the
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Table 1. Development of categories.

CORE CATEGORY THEMES OPEN CODES QUOTATION

Core readiness Unlocking barriers Participants’

dissatisfaction with

current health care system

One or two times I was trying to get an appointment for
to get a checkup, because I used to live in Vancouver but
in that time, it was like the access wasn’t easy, because I
have to wait for a long time, maybe six or seven months
to get the appointment, then I decided to go back my

home country and do it there. So, then I got it done from
there.

It assesses the degree to which members of a community
are unhappy with their current health care provision, see
E-Health as a solution and communicate their need and

readiness for E-Health services.

I’m really running short of the information where to go
Where not to go collect the data where what and when it

should be done
Biggest problem I will tell you, I guess 2 years back, for
my kid is having a toothache and it’s you know weekend
mean to say Friday night it gonna be hard for me to go
to a dentist, you know so I have to wait for Monday.

Oral health needs I expect high standard of high quality of all health care
and I think I would say with the most modern life
technology, in terms of the quality of healthcare will

improve.
You know, if the dental services are available for all the
time like 24� 7, Everybody would love to have those
services because the health is the kind of thing, things

happens. You don’t know the time
Well, if you can get faster service faster care less

complicated, that would be great, save a lot of time.
I think people should get appointment easily and it
should be convenient for the people who are new to

Canada and it should be cost effective. So, any person
can go for the dental treatment.

Enduring oral health

benefits

Preparedness and E-Oral

Health as a solution

I think to have more access to the E- appraisal of
healthcare or Cybernet will be really it will be too good

stead for benefits to the society
In terms of efficiency, there’s definitely an improvement

that can be done with e health
it’s very advanced, and you can take advantage of using

this type of application, it will help a lot
this is something new and something like do you can say
improvement so this is a good idea having you can access

your oral health on net.
it will be helpful for old age people too and international
people also, but we cannot implement it hundred percent
right now. In future this is going to be the best thing.

Engagement readiness Affordability Understand E-Oral

Health advantages and

disadvantages

it is same thing like a taxi, you know where you reach for
taxi and do you have the number you have on the
Cybernet where to reach for taxi or the or for your

breakfast, first it will be same way good and I think it’s
additional advantage.

It assesses the degree to which a community member is
exposed to the concept of E-Health and actively discusses
its potential benefits and negative effects. It also includes
assessing the ability and willingness of members of a

community to accept E-Health training.

Inquisitiveness of

E-Oral Health

technology

Willingness to be trained you know, as a mother if you ask any mother to this
(E-Oral Health) she will say yes, because that’s the kind
of very handy so I can easily access, I can talk to maybe I
can text them this is a problem and what should be the

next step

(Continued)
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saturation level. A total of four themes emerged from the analysis: unlocking barriers, E-Oral

Health awareness, inquisitiveness for E-Oral Health technology and enduring oral health bene-

fits. These themes cover all three types of readiness; core, engagement and structural readiness.

1. Unlocking barriers

This theme covers core readiness, as participants expressed their needs for E-Oral Health ser-

vices by expressing dissatisfaction with the current oral health care system.

The need for E-Oral Health services emerged from participants’ previous experiences of

oral health services and the challenges that they faced in accessing dental care. Most of the par-

ticipants identified multiple barriers, such as being recent immigrants, lack of familiarity with

the health care system, lack of information, language barriers, financial challenges, not having

dental insurance coverage, long waiting hours to see a dentist in the public setting and lack of

transportation.

“Waiting to see Dentist is always been concern in Canada, ever since I am here, I faced so
many problems like speaking French” (Participant 6, Interview).

“I’m really running short of the information where to go, where not to go to collect the data,

where what and when it should be done” (Participant 11, Interview).

Table 1. (Continued)

CORE CATEGORY THEMES OPEN CODES QUOTATION

Structural readiness This measures the accessibility and
cost of Information and Communication Technology
resources that are necessary to support the proposed

innovation in E-Health.

Inquisitiveness of e-

oral health technology

Adequate human

resources and technical

knowledge

I think that technology is very helpful for us. And I can
get any information related to health issues. So, as I said,

I have laptop mobile and internet connection. So, I think
it is very helpful for me.

I think personally I will say I have every access, you
know, the eating program treated within and travel
program readily available to me and I have even the

educational system mathematics is scientifically strategy,

and everything is for me, I have an access: same way this
will be an additional access.

https://doi.org/10.1371/journal.pone.0253922.t001

Fig 1. Activity theory.

https://doi.org/10.1371/journal.pone.0253922.g001
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Participants expressed that E-Oral Health technology may be a potential solution to some

of these barriers. They described E-Oral Health technology as a facilitator to improving oral

health care and access to care.

“You know, if the dental services are available for all the time like 24� 7, Everybody would
love to have those services because the health is the kind of thing, things happen. You don’t
know the time” (Participant 9, Interview).

“I think it is innovative idea which could be the facilitator, I think it would definitely improve
the oral health care and oral health access to care to the people overall” (Participant 8,

Interview).

2. E-Oral health awareness

This theme covers engagement and patient readiness as participants were exposed to the con-

cept of E-Health. Participants actively debated the perceived benefits of E-Oral Health, as well

as its disadvantages. They consider its benefits as immediate, providing easy access to informa-

tion and health care services, as well as being affordable. Participants also deem E-Oral Health

Table 2. Elements of Activity theory adapted to e-oral health technology.

Element An example of the element

Subject Study Participants

Object Explore patient’s readiness

Outcome E-Readiness

Tools E-Oral Health technology

Rules Change in Environment, such as immigrants moving to a new country, its culture and health system

Community Immigrants and Canadians

Roles Complexity of access to care

https://doi.org/10.1371/journal.pone.0253922.t002

Table 3. Participants’ demographic characteristics.

Characteristics Number of Participants

Age

• 20–40 years 11

• 40–60 years 2

• 60–80 years 2

Gender

• Male 7

• Female 8

Residential status

• Immigrant 10

• Born in Canada 5

Highest level of education attained

• Elementary 2

• Secondary 1

• Higher/University 12

Domestic Status

• Living alone 8

• Living with partner or child 7

https://doi.org/10.1371/journal.pone.0253922.t003
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to be cost-effective in oral health care service provision, even at organizational, governmental

and policy maker level.

“Well, if it will happen, I would be very satisfied. I believe it’s a very good future application to
be done for people even for citizens or for the newcomers to Canada, it’s really helpful" (Partic-

ipant 4, Interview).

“In Canada, people use banking related applications and to get information like Metro bus
service, they use application. So, I think so they will definitely use this kind of application for
their health issues” (Participant 14, Interview).

“Yes, I think is 100% affordable because if you do not have at home, you have in the library,

you have on joints like Tim Horton and other eating places” (Participant 3, Interview).

“It’s (E-Oral Health) easier access. So, it would be easier, it can make your life easier. It could
maybe make your life more convenient” (Participant 5, Interview).

On the contrary, lack of physical interaction with the dentist, technical issues and data pri-

vacy issues were expressed as potential disadvantages of E-Oral Health care.

“It’s even hard for,. . . because you cannot feel that texture, you can’t feel the edges. Cameras
never going to be good enough for you to see it. Even if you’re increasing . . . lighting and spe-
cial magnifying glasses. Oral Health is really hard to show to inside of your mouth through a
camera” (Participant 12, Interview).

Interestingly, most participants were aware of E-Oral Health and considered it to be an

interesting technology.

“To be honest with you, I haven’t heard about that before, but it seems like a good idea” (Par-

ticipant 1, Interview).

3. Inquisitiveness to learn and use E-Oral health technology

This theme covers engagement and structural readiness, as participants shared their views of

learning E-Oral Health technology and its perceived advantages. Participants were optimistic

about obtaining E-Oral Health applications and were ready to pay for such applications

because they believe that it would be cost-effective. They thought that this technology is the

future of oral health care and expressed their interest, primarily in active learning.

“If something like that is there which is specifically prepared for the e-dentistry, I would be
happy to learn about that” (Participant 8, Interview).

“As a mother if you ask any mother to this (E-Oral Health training) she will say yes, because
that’s the kind of very handy, so I can easily access, I can talk to maybe I can text them that
this is a problem and what should be the next step” (Participant 5, Interview).

“I mean most app-like ranges and for Apple there $1 each or whatever, $2, even if it goes up to
$10, as long as it does the job, people will pay for it” (Participant 7, Interview).

4. Enduring oral health benefits

This theme covers core readiness, as participants considered E-Health to be a solution to

reducing health care challenges and expressed their beliefs in its long-term benefits.
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Participants anticipated that this technology would be promising in reducing oral health

inequalities, especially for vulnerable populations including immigrants, refugees and those

living in rural and remote areas. They considered it as a technology that can potentially

improve oral health literacy and users’ satisfaction at both individual and wider societal level.

“I think to have more access to the E appraisal of healthcare or Cybernet will be really it will
be too good stead for benefits to the society” (Participant 2, Interview).

“It would help everyone in rural remote all the people living in any areas” (Participant 13,

Interview).

Discussion

A better understanding of e-health is of public health importance since it could lead to the

implementation of effective policies based on patients’ perceptions and needs [27, 28]. Various

E-Health Readiness frameworks have been developed to understand readiness from different

stakeholders’ perspectives, especially those of health care providers and health organizations

[13, 28–31]. Only one among those frameworks included the patients’ perspective on E-Health

Readiness [13]. Moreover, most of those frameworks lack credible evaluation and validation

[28]. To our knowledge, this study is the first to explore the patient-perspective on E-Readiness

in the field of oral health. Study results indicate that participants demonstrated their core,

engagement and structural readiness for adoption and implementation of E-Oral Health tech-

nology within the Canadian health system. They considered this technology effective, not only

for themselves and their families, but also for the society at large; however, they also revealed a

few barriers that might need to be considered.

Various concepts have been used to elucidate E-Health technology and its readiness, such

as Theory of Change and Innovation Diffusion Theory [32]. Among these, the use of Activity

Theory in our study was influenced by a previous study that suggested using Activity Theory

as a framework for E-Health Readiness assessment in health care institutions [32]. Activity

Theory is popular not only in health research, but also in various fields, including information

system, education, culture, psychology, management and human technology interaction

research [26, 33]. The available literature suggests that Activity Theory is pertinent in cases of

understanding and solving problems related to e-readiness and e-learning and their associated

environments [26, 32]. Moreover, this theory is coherent with qualitative research methodol-

ogy due to its holistic and conceptual nature of exploring human activities, such as E-Oral

Health technology in this study [26].

Based on our data and elements of activity theory, the activity system of this research work

is illustrated by Fig 2. Activity when using E-Oral Health technology to report the result on

Fig 2. Activity when using E-Oral health technology to report the result.

https://doi.org/10.1371/journal.pone.0253922.g002
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E-Readiness. The Activity Theory allowed us to understand the patients’ E-Oral Health Readi-

ness by exploring ongoing activities in different types of readiness at every stage of the study.

As per the elements of Activity Theory, the results of this study suggest that E-Oral Health

technology, being a central activity tool, prompted dental patients to be ready to use this tech-

nology. Their readiness was influenced by various mediating factors, such as their dissatisfac-

tion with the oral health care system, awareness of E-Oral Health and motivation to use this

technology.

Patient participation is imperative even earlier in order to effectively design, implement

and utilize E-Health technology. A deep understanding of patient needs regarding the use of

E-Health and E-Oral Health will aid in these efforts [34]. Patient perspectives on E-Oral Health

have been measured among a wide range of patients utilizing the health services in both devel-

oped and developing nations, such as in general private and public health services, primary

health care services, rehabilitation services and services for multi-morbid chronic diseases [3,

34–38]. Our results are in line with available evidence on patient perspective for E-Health tech-

nology in other health disciplines relative to its positive impact on access, treatment adherence,

cost-effectiveness, health outcomes, satisfaction, empowerment and quality of life [34, 37–42].

Moreover, these studies on e-health also reported patients’ willingness to use and learn such

technology, also similar to this present study [3, 34–36, 40, 41]. Furthermore, patients’ con-

cerns regarding E-Oral Health were also consistent with that of E-Health technology in terms

of lack of human contact and personal data privacy [34, 43].

The results of this study will create a platform in dentistry to develop and validate E-Oral

Health readiness instruments for future oral health research. Various recommendations are

suggested to optimize the use of technology in oral healthcare practices. For example, the

development of E-oral Health technology training programs for its users as well as the creation

of E-Oral based applications such as oral health education-based application for children and

adults, oral health care access related applications, oral health digital service management, E-

consultations. Dentist should recommend such technology to their patients in order to facili-

tate its use. Simultaneously, detailed policies and legislations should be developed to protect

patients’ privacy, access and sharing of E-Oral Health related data.

The results of this study can be generalized only to similar settings; further research is nec-

essary to determine whether the results identified in this study are relevant to other popula-

tions. Another possible limitation was conducting the interviews only in the English language

in Montreal, which is primarily a French-speaking city. This criterion excluded the perceptions

of Francophone people. Similarly, another language-based limitation was the inclusion of

non-native English speakers who may have had difficulty in expressing their views in the

English language. Lastly, the lack of prior awareness of E-Oral Health among the participants

suggests the need to introduce and create more E-Oral Health awareness in the public educa-

tion system. This study prepares the ground for future studies aimed to understand multi-

stakeholders’ perspectives on E-Oral Health in both developed and developing nations.

Conclusion

The study results suggest that dental patients consider E-Oral Health to be a facilitator to access to

care, and they were ready to learn and use E-Oral Health technology. Implementation of and sup-

port for E-Oral Health technologies are needed to improve access to care for many populations.
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