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Abstract
Information, communication and technology (ICT) is a part
of everyday life, and the constant evolution of technology
has resulted in many opportunities for the health care sector. While health professionals globally have embraced the
use of ICT to assist in the delivery of health care services
and education there remains a lack of scientific evidence
to support the practice. The uptake of ICT in low and
middle-income countries has been slow, despite the fact
that this is where a great need for innovative solutions is
required to improve the delivery of health care services.
ICT for health is being used throughout South Africa with
promising results, and there is potential for the use of ICT
in the field of Dentistry. This paper provides a background
of ICT for health by highlighting the applications of telemedicine, teledentistry and mHealth and examples are
given of the various uses of ICT in the various disciplines
of Dentistry. The benefits and challenges of teledentistry
are documented and recommendations about the use of
teledentistry in South Africa are discussed.
Key words: Telemedicine, Teledentistry, Teleradiology,
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Introduction
Low and middle-income countries account for the highest
disease burden and are faced with the challenge of being
under-resourced in terms of human and financial factors.1,2
While Africa accounts for only 10% of the world’s population, it has 25% of the global disease burden and 3% of the
entire global health workforce.3 Despite the relatively high
national expenditure on health services, the health status
of the South African population compares very poorly with
that of many other countries.4 The South African Government, with the assistance of various international organizations, has made many attempts to address the various
challenges faced by the South African health system (e.g.
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shortage of skilled and specialized health professionals,
inaccessible health care and overburdened health system)
by implementing numerous short, medium and long term
measures. Among others, eHealth has been identified as
a potential tool for addressing some of the challenges.
The provision of oral health services in South Africa has
its challenges. One of these includes a lack of human resources - there are 2.19 dentists per 100 000 population
and 0.28 dental specialists per 100 000 population.5,6
Oral diseases prevalent in the country include dental caries, periodontal disease, oral mucosal lesions, oro-pharyngeal cancers, HIV/AIDS and oro-dental trauma.7 Oral
diseases are the most common of the chronic diseases
and their impact on the quality of life of an individual and
subsequent impact on society is high.8 According to the
World Health Organisation (WHO) dental caries is one of
the major public health problems impacting on the lives
of 60-90% of children globally.9 The identification of the
oral health service challenges and oral disease provides
an opportunity for the development of innovative ICT solutions, such as teledentistry.
South Africa’s dental health service has been plagued by
a lack of access to health care, and unequal distribution
of human resources for health. There have been no reported innovative ideas or solutions implemented using
information and communication technologies (ICT) for the
barriers affecting dental health services.10 There are only
a few dental specialists in South Africa and most work in
the private sector in urban areas.
Teledentistry is the use of ICT to allow for the interchange
of clinical data including images over remote distances for
dental consultation and treatment planning.11 Countries
like Ireland have embraced the use of teledentistry where
innovative approaches to triage oral medicine referrals not
only support practitioners in rural areas but also decrease
the potential waiting time for consultations.12
This review provides a definition of teledentistry and
describes its potential applications. The benefits and
challenges are discussed and recommendations are
made regarding the possible uses of teledentistry in the
South African context.
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Defining Telemedicine and
Teledentistry
The prefix “tele” in Greek means “at a distance”, and the
meaning of “telemedicine” has been widely interpreted as
consisting of any medical activity that is performed by two
or more parties, separated by distance. A comprehensive
definition of telemedicine, which was published in 2007,
following a review of 104 peer-reviewed definitions, reads
as follows: “Telemedicine, being a subset of telehealth,
uses communication networks for delivery of health care
services and medical education from one geographic location to another, primarily to address challenges such
as inequitable distribution and shortage of infrastructural
and human resources”.13 Telemedicine is referred to as the
use of information and communication technology (ICT)
to provide health care service and delivery when distance
separates the participants concerned.14
In 1997, teledentistry was referred to as the practice of
using videoconferencing technologies to diagnose and
provide advice about treatment over a distance.15 A
more recent definition is the “use of dental information
transmitted from one site to another to improve oral
health”.16 An all-inclusive teledentistry definition in keeping
with current advances is described as the use of ICT in
dentistry for oral health services and education,17 and
encompasses all ICT including dental information systems
and dental records, as well as the educational aspect
(undergraduate, postgraduate and continued professional
development) and oral health promotion.

Teledentistry
The field of teledentistry has grown rapidly with the
evolution of technology. The benefits of teledentistry
include increased access to oral health information,
online tools for record keeping, assisted diagnosis and
monitoring, electronic records and charting, remote
screening, skills training, continued learning and
support.18 It is used widely in developed countries and
its advantages include decreasing unnecessary dental
referrals especially for orthodontic services.19 Teledentistry
has been used successfully as an intervention system for
periodontal health, as well as for the early diagnosis of oral
diseases.20,21 Two key advantages of teledentistry involve
access to dental specialist services and enhancement of
dental education using distance learning techniques.22
Cost savings or economic benefits are important for all
aspects of health care and teledentistry not only saves
costs, but also decreases waiting times to access specialists.23 More remote areas were more likely to benefit
from teledentistry.24 An economic evaluation in the Scottish Highlands and Islands found cost saving benefits.
However these were dependent on certain parameters
including familiarity with the equipment being used.
Teledentistry has been described as “new”, “seductive” and
a “superficially easy-to-use technology” and the assumption is that clinicians will use it and patients will accept it.25
As with any new technology, there are associated limitations and barriers including compromising the relationship
between the health professional and patient, breakdown
in the relationship between health professionals, validity of
information, organizational and bureaucratic difficulties.26
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In addition, teledentistry has raised ethical and medicolegal concerns. However, ethical and legal principles do
not change for telemedicine interactions (e.g. teledentistry)
and should remain the same as for conventional face-toface consultation. Patients are often concerned about
privacy and confidentiality of their personal information
and are reluctant to divulge these details or participate
in teledentistry initiatives. Another growing concern
among patients is not so much related to access to their
information but rather that their information could be
altered.27 The need to address the concerns over security
and confidentiality cannot be overemphasized as this
could have a detrimental effect on future acceptance of
teledentistry.28
Many health professionals have been resistant to technology. Some perceive that the technology will replace
them while others feel that they will be economically
comprised. Rural physicians perceive it as a threat to
their livelihood as urban physicians will have access to
their patient pool.29 In addition, health professionals often feel that it is foist upon by management - the “top
down approach”. Technology in health should have a
“bottom up approach” where the health professional is
an integral part of the planning and policy development
of the implementation of a telemedicine system.30
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The following provides a comprehensive overview of the
various applications of teledentistry.

Screening
Teledentistry screening services has become the chosen
method of screening to ensure that dental problems are
identified before they become dental emergencies, and to
assist children and their families better access to connect
with health services.15 In Rochester, New York, within thirteen inner city child care centres, a telehealth centre was
set up to perform oral screenings. It utilized an intraoral
camera to take digital images of children’s teeth that were
transmitted to the Eastman Department of Dentistry, University of Rochester. Nearly half of children examined
were diagnosed with dental caries and prompt feedback
was provided regarding follow-up dental care.16 A similar
service could be beneficial in South African healthcare
settings, where school nurses could be provided with
basic training and the necessary equipment to conduct
oral health screening services at schools. The information
would be sent to oral health professionals who are able to
assess the cases and allocate it to the necessary specialist. This simplistic service could have positive implications
such as avoiding unnecessary referrals, decreasing waiting time for dental treatment and saving costs.

Expert advice
Providing expert oral health advice in a resource constrained setting like South Africa is beneficial. Several expert oral health advice initiatives have been reported in the
literature. One such initiative was at a primary care clinic
in Brazil, where digital images of oral lesions were sent via
email to two oral medicine specialists who showed a 60%
agreement on the diagnoses. The authors recommended
that distant diagnosis can be an effective approach especially when there are no local specialist services.21
In 2004 in Arizona, dental hygienists were allowed to enter
into affiliated practice with a dentist to provide oral health
services without direct supervision.31 This prompted the
Northern Arizona University to develop a teledentistryaffiliated practice dental hygiene model. The purpose was
to provide oral screening and appropriate teledentistry
dental hygiene services for children participating in
‘First Things First’ health care event. The activities took
place at remote sites within Arizona and children were
screened and referred to dentists. This model was easy
to implement with existing technologies and offered oral
health services to underserved populations. Patients were
positive as it not only saved them unnecessary travelling,
time off from work or school, but also allowed for quicker
access to specialists. Furthermore, the dental hygienists
also felt more empowered.31

Education and oral health
promotion
An important area which should be further explored is the
use of information and communication technology for oral
health promotion and education. eLearning has been implemented in health sciences with great success and the
dental fraternity could draw from these valuable lessons.32-34
The expectations of Fourth year dental students regarding
eLearning were evaluated by means of questionnaires and
comparing online tests to traditional examinations. Students
indicated that they expect the quality of studies to improve

and online tests would be beneficial for self-performance
rating.35 The Paediatric Dentistry Department at the University of the Western Cape, Cape Town, South Africa implemented an online learning platform to supplement didactic
and clinical teaching. Most of the students accessing the
online platform gave positive feedback.36
Social media, internet and mobile applications provide
opportunities to disseminate oral health information in a
more user-friendly and cost-effective manner. The use of
text messaging and pamphlets was compared to determine the value in distributing health education to mothers of preschool children. Pre- and post-intervention
assessment involved evaluating the knowledge, attitude
and practices of mothers and assessing the plaque levels
of their children. Text messaging had a greater positive
impact on knowledge, attitude and practices of mothers
than the use of conventional pamphlets. However, there
was no significant difference when comparing the reduction in plaque scores between the text messaging and
pamphlet groups.37 Short Message Service (SMS) has
also been used as patient reminders with the aim of improving dental appointment attendance and were found
to significantly reduce the non-attendance.38

Orthodontics
It has been shown that orthodontic services can be made
accessible to disadvantaged children through sufficiently
prepared dentists who are supervised remotely by
orthodontists.39 In the UK, orthodontist consultants were
surveyed regarding how they would feel about providing
orthodontic advice to dental practitioners via electronic
means and the majority supported the idea.40 Furthermore,
new orthodontic patient referrals using the teledentistry
system as a screening platform has also been shown to
be effective.41 This was demonstrated by a randomized
controlled trial in the UK. Fifteen dental practices in
Manchester were randomly allocated to either a test group
(n=8) or control group (n=7). During a 15-month period 327
patients were referred to two consultant orthodontists.
In the test group dental practitioners took photographs
of the patients to be referred and sent these images via
email to one of the two consulting orthodontists using the
“store-and-forward” method. This process in telemedicine
involves the non-interactive transmission of information
from one site to another. The same patient was seen in
a new patient clinic – “conventional” – and the outcomes
of the two methods of consultation were compared. In
the control group, patients were referred using a referral
letter. In the test group there were only 8.2% unnecessary
referrals whereas in the control group there were 26.2%
unnecessary referrals.41 The study highlighted the
advantage that unnecessary referrals could be avoided
and visits to specialists can be reduced, especially where
hospitals are far from the rural areas.

Teleradiology in dentistry
Radiology equipment is expensive but a vital tool to assist
with diagnosis. Most radiology equipment is digitized and
used extensively to save costs. The use of teleradiology in
dentistry has had an ambivalent reaction from dental practitioners and specialists with regards to its reliability. Baker
et al. (2000) compared radiographs transmitted and viewed
using a video teleconferencing system with the images seen
on a conventional view box. Two endodontists assessed
30 images for the presence of apical lesions. There was
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no statistical difference between the evaluators identifying
periapical bone lesions using the conventional radiographs
or those transmitted on a screen.42 While this study supports the use of teleradiology in dentistry, a comparative
study undertaken by Jacobs, Edmonton and Lowry (2002)
suggested that teleradiology should be used selectively. Ten
facial radiographs with fractures and 10 without fractures
were evaluated by eight oral and maxillofacial surgeons and
eight accident and emergency doctors. The fractures were
accurately diagnosed using plain radiography whereas the
diagnosis using telemedicine was poor.43

Telemedicine in South Africa
The first known telemedicine initiative in South Africa dates
back to 1998, when the first phase of the implementation of
South African telemedicine began, guided by the National
Strategy for Telemedicine. The objectives of the strategy focussed on providing high-quality and cost-effective health
care and education, improving recruitment and retention of
health professionals, delivering health care at a distance,
and making specialist health care much more accessible
than it had been in the past.45 The South African Government identified telemedicine as a crucial strategic initiative
to improve the delivery of equitable health care and services. The Medical Research Council (MRC) and the South
African National Department of Health (NDoH) initiated the
Telemedicine Lead Programme in 1999. The purpose of
this joint partnership was to ensure that relevant research
was conducted that will inform the sector and to coordinate
the telemedicine environment.
In the past decade over eighty-eight telemedicine projects
were initiated by the NDoH and implemented in various parts
of South Africa.44 The majority of them are now defunct, mainly
due to lack of funding. It was anticipated that the telemedicine
projects would be integrated into routine health service provision. However, such integration has not occurred. Only a few
telemedicine services at provincial level are still functioning,
such as teleradiology and teledermatology.

Recommendations for South Africa
This review has shown that there have been many
successful initiatives globally that describe the benefits
of teledentistry, some of which could be implemented in
South Africa where appropriate. Common challenges in
oral health service delivery include undiagnosed oral health
diseases and inaccessible oral health services,46-48
and therefore it would be beneficial to implement basic
teledentistry screening initiatives targeting school learners,
the elderly, physical and mentally challenged individuals
and health-comprised individuals. Such services could
be provided at minimal cost in terms of infrastructure
and equipment. In addition, improving the availability of
specialist services for patients could strengthen the South
African health system by reducing cost, enhancing quality
of life, decreasing unnecessary referrals and decreasing
long waiting times. Teledentistry is a potential solution to
make dental services in most rural areas in South Africa
more accessible.
South Africa has not been successful in the implementation of telemedicine and the reasons for this are varied.
However many lessons have been learnt and technology
has evolved and improved. The NDoH has embraced the
use of ICT’s and one such example has been the successful implementation of MomConnect.
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After the assessment of previous ICT projects, government officials, academics and ICT for health researchers
investigated mechanisms to ensure sustainable scalable
ICT solutions for health. Various working groups and
committees were initiated and a substantial amount of
progress has been made towards the development of an
eHealth and mHealth for South Africa.
Health professionals, decision makers and academics can no longer continue to work without embracing
technology. Technology is rapidly evolving and providing
smarter, more effective hardware and software. However,
while technology will never replace the need for face-toface contact with a health professional, ICT4H, eHealth
and teledentistry are ways of enabling oral health service
delivery and education, and potentially improving health
outcomes and service delivery.
Conflict of interest: None declared
References
1. Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ,
Comparative Risk Assessment Collaborating G. Selected major risk factors and global and regional burden of disease. Lancet. 2002;360(9343):1347-60.
2. Remais JV, Zeng G, Li G, Tian L, Engelgau MM. Convergence
of non-communicable and infectious diseases in low- and
middle-income countries. Int J Epidemiol. 2013;42(1):221-7.
3. Aluttis C, Bishaw T, Frank MW. The workforce for health in a
globalized context--global shortages and international migration. Glob Health Action. 2014;7:23611.
4. Shisana O, Rehle T, Louw J, Zungu-Dirwayi N, Dana P, Rispel
L. Public perceptions on national health insurance: moving towards universal health coverage in South Africa. S Afr Med J.
2006;96(9):814-8.
5. Health Systems Trust. Dental practitioners per 100,000 population 2011 [cited 2011 20 September 2011]. Available from:
http://www.healthlink.org.za/healthstats/69/data.
6. Health Systems Trust. Dental specialist per 100,000 population 2011 [cited 2011 20 September 2011]. Available from:
http://www.healthlink.org.za/healthstats/70/data.
7. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye
C. The global burden of oral disease and risks to oral health.
Bulletin of the World Health Organisation; 2005. p. 661-9.
8. Cook J, Mullings C, Vowles R, Stephens C. The use of teledentistry to provide GDPs with advice in orthodontics. Dent
Update. 2002;29(5):249-55.
9. Jones S, Burt BA, Petersen PE, Lennon MA. The effective
use of fluorides in public health. Bull World Health Organ.
2005;83(9):670-6.
10. van Rensburg HC. South Africa’s protracted struggle for equal
distribution and equitable access - still not there. Human Resources for Health. 2014;12:26.
11. Jampani H, Nutalapati R, Dontula BSK, Boyapati R. Applications of teledentistry: A literature review and update. J Int Soc
Prevent Communit Dent. 2011;1:8.
12. Bradley M, Black P, Noble S, Thompson R, Lamey PJ. Application of teledentistry in oral medicine in a community dental
service, N. Ireland. Br Dent J. 2010;209(8):399-404.
13. Sood S, Mbarika V, Jugoo S, Dookhy R, Doarn CR, Prakash
N. What is telemedicine? A collection of 104 peer-reviewed
perspectives and theoretical underpinnings. TelemedJEHealth. 2007;13:573-90.
14. Mair F, Whitten P. Systematic review of studies of patient satisfaction with telemedicine. BMJ. 2000;320:1517-20.
15. Chhabra N, Chhabra A, Jain RL, Kaur H, Bansal S. Role of
Teledentistry in Dental Education: Need of the Era. Journal of
Clinical and Diagnostic Research. 2011;5(7):3.
16. Kopycka-Kedzierawski DT, Billings RJ. Teledentistry in innercity child-care centres. J Telemed Telecare. 2006;12(4):176-81.

<

345

346 > research review
17. Schleyer TK, Thyvalikakath TP, Spallek H, Dziabiak MP,
Johnson LA. From information technology to informatics:
the information revolution in dental education. J Dent Educ.
2012;76(1):142-53.
18. Bauer JC, Brown WT. The digital transformation of oral health
care. Teledentistry and electronic commerce. J Am Dent Assoc. 2001;132(2):204-9.
19. Cook J, Edwards J, Mullings C, Stephens C. Dentists’ opinions of an online orthodontic advice service. J Telemed Telecare. 2001;7(6):334-7.
20. Ojima M, Hanioka T, Kuboniwa M, Nagata H, Shizukuishi S.
Development of Web-based intervention system for periodontal health: a pilot study in the workplace. Medical Informatics
and the Internet in Medicine. 2003;28(4):291-8.
21. Torres-Pereira C, Possebon RS, Simoes A, Bortoluzzi MC,
Leao JC, Giovanini AF, et al. Email for distance diagnosis of
oral diseases: a preliminary study of teledentistry. J Telemed
Telecare. 2008;14(8):435-8.
22. Cooper BRE, Engeswick LE. Knowledge, attitudes, and confidence levels of dental hygiene students regarding teledentistry: a pilot study. The Internet Journal of Allied Health Sciences
and Practice. 2007;5(4):4.
23. Sanchez Dils E, Lefebvre C, Abeyta K. Teledentistry in the
United States: a new horizon of dental care. Int J Dent Hyg.
2004;2(4):161-4.
24. Scuffham PA, Steed M. An economic evaluation of the Highlands and Islands teledentistry project. J Telemed Telecare.
2002;8(3):165-77.
25. Yellowlees P. How not to develop telemedicine systems. Telemedicine Today. 1997;5(3):6-7, 17.
26. Hjelm NM. Benefits and drawbacks of telemedicine. J Telemed
Telecare. 2005;11(2):60-70.
27. Chouinard I, Scott RE. Informed consent for videoconsultations in Canada. J Telemed Telecare. 2009;15(4):171-4.
28. Wallace S, Sibson L, Stanberry B, Waters D, Goodall P, Jones
R, et al. The legal and risk management conundrum of telemedicine. J Telemed Telecare. 1999;5 Suppl 1:S8-9.
29. Petersen MJ, LaMarche D. Telemedicine: evolving technology in an e-health care world. Managed Care Quarterly.
2000;8(3):15-21.
30. Yellowlees P. Successful development of telemedicine systems-seven core principles. J Telemed Telecare. 1997;3(4):215-22;
discussion 22-3.
31. Summerfelt FF. Teledentistry-assisted, affiliated practice for
dental hygienists: an innovative oral health workforce model. J
Dent Educ. 2011;75(6):733-42.
32. Ruiz JG, Mintzer MJ, Leipzig RM. The impact of E-learning in
medical education. Academic Medicine : Journal of the Association of American Medical Colleges. 2006;81(3):207-12.
33. Wutoh R, Boren SA, Balas EA. eLearning: a review of Internetbased continuing medical education. The Journal of Continuing Education in the Health Professions. 2004;24(1):20-30.
34. Frehywot S, Vovides Y, Talib Z, Mikhail N, Ross H, Wohltjen H,
et al. E-learning in medical education in resource constrained
low- and middle-income countries. Human Resources for
Health. 2013;11:4.
35. Neuhaus KW, Schegg R, Krastl G, Amato M, Weiger R, Walter C. Integrated learning in dentistry: baseline data and first
evaluation at the Dental School of Basel. European Journal of
Dental Education: official journal of the Association for Dental
Education in Europe. 2008;12(3):163-9.
36. Mohamed N, Peerbhay F. Introducing dental students to elearning at a South African university. African Journal of Health
Professions Education.4(2):123-7
37. Sharma R, Hebbal M, Ankola AV, Murugabupathy V. Mobilephone text messaging (SMS) for providing oral health education to mothers of preschool children in Belgaum City. J
Telemed Telecare. 2011;17(8):432-6.
38. Perry JG. A preliminary investigation into the effect of the use
of the Short Message Service (SMS) on patient attendance
at an NHS Dental Access Centre in Scotland. Primary Dental
Care : Journal of the Faculty of General Dental Practitioners.

2011;18(4):145-9.
39. Berndt J, Leone P, King G. Using teledentistry to provide interceptive orthodontic services to disadvantaged children. Am J
Orthod Dentofacial Orthop. 2008;134(5):700-6.
40. Stephens CD, Cook J. Attitudes of UK consultants to teledentistry as a means of providing orthodontic advice to dental
practitioners and their patients. J Orthod. 2002;29(2):137-42.
41. Mandall NA, O’Brien KD, Brady J, Worthington HV, Harvey L. Teledentistry for screening new patient orthodontic
referrals. Part 1: A randomised controlled trial. Br Dent J.
2005;199(10):659-62, discussion 3.
42. Baker WP, Loushine RJ, West LA, Kudryk LV, Zadinsky JR.
Interpretation of artificial and in vivo periapical bone lesions
comparing conventional viewing versus a video conferencing
system. Journal of Endodontics. 2000;26(1):39-41.
43. Jacobs MJ, Edmondson MJ, Lowry JC. Accuracy of diagnosis of fractures by maxillofacial and accident and emergency
doctors using plain radiography compared with a telemedicine system: a prospective study. The British Journal of Oral &
Maxillofacial Surgery. 2002;40(2):156-62.
44. Nkgapele J. Minutes and report of Telemedicine Subcommittee Meeting. IMPILO 2, HTI BUILDING, PRETORIA: Department of Health, South Africa, 2010 4 - 5 May 2010.
45. Khotu S, Cabuko M. South African National Strategy Review Discussion Document. Pretoria: National Department of
Health, South Africa, 2007
46. Buddiga V, Gupta VB, Aravind K, Reddy MV, Ramagoni NK,
Ashwin D. The comparison of oral health problems with other
health problems In Urban School Children Of 10-14 Years: A
Group Screening. Journal of International Oral Health : JIOH.
2014;6(5):77-80.
47. Petersen PE, Bourgeois D, Bratthall D, Ogawa H. Oral health
information systems--towards measuring progress in oral
health promotion and disease prevention. Bulletin of the World
Health Organization. 2005;83(9):686-93.
48. Sheiham A. Oral health, general health and quality of life. Bulletin of the World Health Organization. 2005;83(9):644.

