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  Pref ace   

 This fi rst-ever book on teledentistry is presented in a way that should make it acces-
sible to anyone, independent of their knowledge of technology. This book is 
designed to be used by all, including clinicians, nurses, allied health professionals, 
and students. 

 The import of communication and digital technology into the fi eld of dentistry 
has opened new vistas in patient care, distance learning for dental personnel, and 
dental care education for patients. Teledentistry is a means of achieving equity in 
specialist dental service delivery with acceptable levels of care that is evidence 
based even in situations where trained specialist personnel and infrastructure 
resources are limited. This multiauthor sourcebook is a collection of articles from a 
range of countries that not only describe what is already available but also postulate 
what the future holds for teledentistry. 

 The exciting and rapidly developing fi eld of teledentistry encompasses high- 
resolution digital imaging, image storage and transmission to expert disease- 
monitoring centers, image compression, data security, and intelligent systems. 
Teledentistry in the future offers the opportunity to maintain image data banks of 
whole populations and the possibility of detecting the vast majority of dental disor-
ders very early. In developing countries, where the prevalence of dental disorders is 
much higher, teledentistry offers the chance to develop very cheap methods of 
screening for dental disorders with portable digital imaging equipment operated by 
dental hygienists and ubiquitous health workers throughout the community. 

 For widespread use, teledentistry systems need to develop economic reality 
through a reimbursement formula from government health and insurance agencies 
so that health workers everywhere can take on these responsibilities in addition to 
their already stretched workloads. A wholesome program of community awareness 
on the nature and dangers of dental disorders needs to be carried out to induce the 
whole population to participate in screenings even if they think their conditions are 
normal. Dentists and dental hygienists need to be convinced that teledentistry will 
be a powerful addition to their expertise rather than a faceless competitor. 

 In a very short time, the fi eld of teledentistry has become extensive to be covered 
by one or two experts. Consequently, this book encapsulates global efforts in the 
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development of teledentistry with contributions from many international experts 
with fi rst-hand experience. Their contributions in the not-too-distant future will be 
seen as major developments in dental care. My guiding hope during this task was 
that as editor of multiple chapters, we could still write with a single voice and keep 
the content coherent and simple. I hope that the clarity of this book makes up for any 
limitations in its comprehensiveness. 

 I would like to thank all authors for making this book possible through their 
contributions. I took much care that this book would not be merely a collection of 
separate chapters but rather offer a consistent and structured overview of the fi eld. I 
am aware that there is still considerable room for improvement and that certain ele-
ments of teledentistry are not fully covered, such as legal and reimbursement policy. 
I invite readers to send comments and feedback to further improve and expand 
future editions of this book.  

  Memphis, TN, USA     Sajeesh     Kumar  ,   PhD    

Preface
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    Chapter 1   
 Electronic Health Records in Dentistry: 
Clinical Challenges and Ethical Issues 

             Robert     Cederberg      ,     Muhammad     Walji    , and     John     Valenza   

    Abstract     Today Electronic Health Records (EHRs) have enjoyed wide spread 
adoption as the optimal choice for the management of patient health information 
(PHI). EHRs provide several distinct advantages over the use of paper records or a 
combination of electronic and hard copy options. The ability to interconnect the 
convenience of computer and software functionality with large amounts of PHI 
which must be managed for all patients who are being treated by a myriad of 
health care professionals, including dentists, makes the marriage of electronic data 
management with the patient record a logical choice. However, the use of EHRs 
in hospitals, institutions, clinics and private practices also presents many clinical 
challenges, as well as the potential for a breach in ethical patient care. This chapter 
discusses the impact of bringing the computer into the patient treatment arena and 
its effect on the doctor patient relationship, the privacy and security of PHI, ethical 
issues and clinical challenges, the use of EHRs for research and development of 
cloud-based EHRs, as well as the future of this technology.  

  Keywords     Electronic Health Records   •   Doctor-Patient relationship   •   Privacy   • 
  Security   •   Confi dentiality   •   Ethics   •   Secondary Use   •   Data Repository   •   Cloud- 
Based EHR  

1.1         Introduction 

 Electronic Health Records (EHRs) have become a common practice management 
tool for most of today’s dental offi ces and dental clinics. EHRs facilitate the 
management of large amounts of data and allow the practitioner a means with which 
to control what used to be a mountain of paper that made up the patient’s record. 

        R.   Cederberg ,  DDS      (*) •    J.   Valenza    
  Department of General Practice and Dental Public Health ,  University of Texas School 
of Dentistry at Houston ,   7500 Cambridge St, Suite 6350 ,  Houston ,  TX   77054 ,  USA   
 e-mail: robert.a.cederberg@uth.tmc.edu   
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Few would question that EHRs have become a tremendous timesaver and an 
irreplaceable adjunct to the health care practices of the twenty-fi rst century. 
However, for all of the benefi ts that the EHR has provided there are still many 
challenges and ethical issues that have been created by the use of the EHR in health 
care. For example, EHRs may increase a clinician’s legal responsibility and account-
ability to be more intimately familiar with the entire content of the record, and as the 
accessibility and portability of patient data is enhanced ethical dilemmas will likely 
increases as EHRs become more interconnected and widely used [ 1 ]. 

 Healthcare in general has embraced EHR technology for many obvious advantages: 
(1) less paper to manage, (2) frees up storage space, (3) better tracking and manage-
ment of patient data, (4) digital imaging, (5) electronic claims, (6) accounting 
and (7) reporting functionality. The evolution of dental informatics, proliferation 
of dental information on the internet, increased accessibility of evidenced based 
dentistry for the practitioner, and accessibility of extensive databases such as 
MEDLINE have put the computer and EHRs at the forefront of the technology 
today in the practice of medicine and dentistry today. 

 Other driving forces in the widespread adoption of the EHRs in dentistry are the 
changes that are occurring in health care on a national level. The American Recovery and 
Reinvestment Act (ARRA) put pressure on hospitals to comply with implementation of 
EHRs or face penalties in Medicaid payments [ 2 ]. The Health Information Technology 
for Economic and Clinical Health (HITECH) Act of 2009 provided further incentives to 
health care providers to adopt EHRs and in 2011 the Medicare Electronic Health Records 
Incentive Program for the Centers for Medicare and Medicaid Services began providing 
incentive payments for the “meaningful” use of EHRs [ 3 ]. These laws have had a signifi -
cant impact on the entire health care system, including offi ce-based physicians and 
dentists [ 3 ]. As of 2012, 72 % of physicians had adopted some form of EHR in their 
offi ces [ 4 ]. Although there are no current studies for the rate of adoption of the EHR in 
dental offi ces, it is likely that it has progressed at a similar rate to physicians. 

 All of these factors have propelled and accelerated the implementation of EHRs 
by hospitals, clinics and offi ces. With this growth comes magnifi cation of the ethical 
issues, privacy risks and clinical challenges. Sharing patient information through 
the EHR between providers allows for more fl exibility, time savings and instanta-
neous access to important health information. However, clinicians must practice 
basic ethical principles such as avoiding harm to others, working diligently to pro-
tect patient privacy and developing clinical protocols that will address the chal-
lenges that bringing the computer and the EHR into the patient treatment areas has 
created [ 5 ].  

1.2     Computers in Patient Treatment Areas 

1.2.1     Chairside Use of the EHR in Dentistry 

 Computers now have a consistent presence within the dental operatory after initially 
being found only in the front desk area of many dental offi ces. With the advent 
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of EHRs convenience has driven the movement of the computer to a chair-side 
location due to the need to enter patient information such as tooth charting, 
access to a patient’s health information including the medical history, development 
and display of the treatment plan, radiographic capture and display, intraoral 
photography, prescription writing and patient education to name just a few of the 
chair-side computing functions that are critical to patient treatment. Schleyer 
in 2004 reported that about 25 % of the nation’s general dentists employed a 
computer in the dental operatory [ 6 ]. As of 2006 the American Dental Association 
reported that this percentage had more than doubled in a 2 year span [ 7 ]. There 
is no contemporary data to support an estimate of the number of computers 
utilized in dental operatories today, but it would be safe to assume that chair-side 
computing has become a mainstream adoption in the modern dental offi ce. 
However, academic dental schools have rapidly adopted EHRs into their patient 
care clinics [ 8 – 10 ]. 

 Computers made their fi rst appearance in the dental operatory in the 1980s 
with the advent of intraoral cameras [ 11 ]. These proprietary applications were 
stand alone and did not offer the benefi t of integration with other patient record 
functions, so they were not well accepted by the dentist. The fi rst truly integrated 
patient record systems for dentistry arrived in the 1990s and offered a comple-
ment to patient record functionality. However; most dental practices maintained 
hybrid records during this time because many functions, such as radiographs, 
had not yet been integrated into the EHR. The 2000s brought further evolution 
of the EHR which allowed for dental offi ces to become “paperless” for the fi rst 
time. Today there are a multitude of EHRs on the market all of which offer 
sophisticated administrative functionality along with all of the clinical features 
that should be a part of a comprehensive EHR. All of these systems can capture 
and store images or are well integrated with PACs systems for the management 
of images. Additionally, some of these systems have broad adaptability that 
allow usage in a small dental offi ces up to and including large dental schools, 
institutions or anything in-between. Today’s EHRs used in dentistry are quite 
robust and manufacturers are continually adjusting these systems to best fi t the 
needs of the dentist and the patient. 

 Interconnectivity of EHRs between hospitals, physicians, dentists and other 
health care workers is expected to reduce the ineffi ciencies with patient care, 
reduce costs and improve outcomes. Being able to connect with a patient’s 
health record, as well as a patient’s complete treatment history from all current 
and past providers chair-side, should provide the dentist with the best and most 
up-to-date medical and dental information for their patient. Obviously, this 
should provide a signifi cant treatment advantage for the dentist, as well as pro-
viding the patient a feeling of confi dence in their dentist [ 7 ]. The American 
Dental Association is working on a dental component that will be integrated 
into medical EHRs, so that dentistry will be represented in future EHR develop-
ment so that all health care disciplines will be represented in a comprehensive 
health record [ 7 ]. With 2015 fast approaching the concept of interconnectivity 
will likely drive the evolution of EHRs to be inclusive of all aspects of health 
care, including dentistry.  

1 Electronic Health Records in Dentistry: Clinical Challenges and Ethical Issues
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1.2.2     Impact of the EHR on the Doctor-Patient Relationship 

 It has been suggested the presence of the computer in the dental operatory has 
introduced a new dynamic to the doctor-patient relationship [ 12 ]. The effects of the 
EHR in the operatory on the doctor-patient relationship has been investigated and it 
has been found that providers show three distinct types of practice styles when using 
an EHR as they interact with patients. They position themselves at the computer 
monitor and concentrate on computer monitor displayed data, or they stand or sit 
away from the computer and face the patient, or they alternate their attention in defi ned 
intervals between the patient and the computer [ 13 ]. Especially when the computer is 
not within the immediate treatment area the provider must divert his/her attention 
from the patient or as show in Figure  1.1  a second person is needed to enter patient 
data during an examination (Fig.  1.1 ). Placement of the computer within the immedi-
ate treatment area does allow for better interaction with the patient, but in any of these 
positions, regardless of the amount of attention paid to the patient, the computer effec-
tively pulls the doctor away from being fully attentive to the patient (Fig.  1.2 ). Patients 
want to be involved in their own care and the ability to display patient information on 
a monitor helps to keep the patient engaged, but there is also a fi ne line between holding 
patient interest and alienating the patient through interaction with the computer.

    The doctor-patient relationship has always been viewed as a dyad, i.e. the profes-
sional (doctor) versus the vulnerable patient with the doctor owing certain duties to 
the patient [ 14 ]. With the advent of EHRs and the desire to create personal health 
records, patient information has been shared amongst providers and has added another 
straining point to the doctor-patient relationship. If the use of EHRs becomes ubiqui-
tous and the interconnectivity of a patient’s health information becomes widespread, 
then how much say should patients have with how their information is shared? 

  Fig. 1.1    The positioning 
of the computer and monitor 
away from the immediate 
treatment area does not allow 
for direct interaction with the 
patient when collecting data 
during an examination, and as 
is demonstrated in the photo, 
may require both an examiner 
an assistant for data entry       
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The interconnectivity and the use of patient health information across providers and disci-
plines is an important public health concern. The ability to create an early-warning 
system for public health emergencies through use of interconnected EHRs becomes a 
public health benefi t [ 14 ]. There needs to be a balance between the good of the patient 
and the good of the public when it comes to the sharing of patient data. 

 All health care providers have an obligation to their patients to record, monitor 
and track data related to patient health. With the advent of the EHR this can be done 
seamlessly and will allow the provider the ability to track and monitor numerous 
parameters of health. Additionally, clinicians have the moral duty to report or 
disclose certain general conditions of health that may affect the public at large [ 14 ]. 
For example, if a particular physician sees an increase in certain variety of infl uenza 
he or she would have the duty to report it to a public health agency. As personal 
health records and EHRs become widely interconnected the clinician and the patient 
will need to come to an understanding of how patient information is used and 
shared. For this to be universally accepted the clinician and the patient must allow 
technology to be used for the public good. There is reason to believe that this will 
be well accepted by both health care providers and patients and hopefully this technology 
will strengthen not weaken the doctor-patient relationship.   

1.3     Privacy, Security and Confi dentiality Issues 
with EHR Use in Dentistry 

 The patient record, whether it is a paper copy or an electronic version, is the busi-
ness record of the health care system. Patients have the right to keep information 
about themselves from being disclosed to others. Computer systems that house 

  Fig. 1.2    Placement of the 
monitor and/or all-in-one 
computer within the patient 
treatment arena allows the 
provider to have direct 
interaction with the patient 
during patient intake, 
recording medical history and 
performing the oral 
examination       
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EHRs must be encrypted for security purposes and only those providers that partici-
pate in some phase of treatment or management of the patient should be allowed 
access to the patient record according to long standing HIPAA (Health Insurance 
and Portability and Accountability Act) guidelines. The EHR is a communica-
tion tool that supports clinical decision making and encompasses many aspects of 
patient treatment including quality assurance, patient education, and coordination 
of treatment, legal protection and research [ 15 ]. The physician, dentist, practice or 
organization is the owner of the patient record, but the patient owns the information 
in the record [ 15 ]. 

 The patient or their legal representative is responsible for the care, custody and 
control of the EHR [ 16 ]. Adult patients must be able to make their own decisions 
concerning healthcare which includes the sharing of their health information with 
other entities. They must be able to provide consent when their health information 
is to be shared with an entity outside of the practice that is providing their care. 
When a patient is unable to make their own decisions concerning their care due to 
age or some incapacity then a representative or legal guardian must make these 
decisions within the best interests of the patient [ 16 ]. 

 The increased use of EHRs has also increased concerns for the security of 
patient’s health information. Additionally, the widespread use of mobile devices 
such as smartphones has heightened concerns from information technology consul-
tants that confi dential patient information can be compromised. The HITECH Act 
mandates that the Department of Health and Human Services conduct periodic 
security audits of health care providers, as well as their business associates [ 17 ]. 
Although the odds of a practice or clinic being audited would be low at least, this 
threat should compel health care entities to focus on eliminating potential violations 
which would include data safeguards and other policy and procedural measures to 
designed to protect the privacy of patient data.  

1.4     Ethics and the EHR 

 When patient health records were strictly paper charts the control of a patient’s 
health information was much easier to manage. With advent of the EHR and the 
data being entered, stored and retrieved electronically a new level of complexity to 
controlling this information has been added, as well as presenting confl icts with 
the ethical principles of benefi cence, autonomy, fi delity and justice [ 18 ]. Autonomy 
can be breached when health care data is shared or linked without the patients’ 
knowledge, fi delity can be lost when proper security measures are not applied and 
justice can be breached when equal access to health information is disparate due to 
income, literacy, disabilities or other socioeconomic factors [ 18 ]. 

 Privacy and confi dentiality remain core components of patient rights, but evidence 
does suggest that the extent of the respect for these rights may be declining [ 19 ]. 
Violations of patient privacy may be easier than ever before because of the effi ciency 
of computerized systems. Thus the potential for a confi dentiality breach is increased 
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due to the ease with which data can be replicated and distributed via the computer [ 19 ]. 
Additionally, protecting the privacy of a patient’s Protected Health Information 
(PHI) can be challenging in an electronic environment. These measures often 
involve the use of unique user IDs and passwords, encryption, remote access controls 
and computer privacy screens [ 5 ]. Protection of PHI involves not only the imple-
mentation of measures impacting computer hardware and software, but also on the 
individual clinician level. Practitioners must be well trained in HIPAA regulations, 
understand the appropriate ways to manage PHI, understand the issues of shared 
parenting (consent issues), know what information is appropriate to share with other 
providers and be aware who is requesting access to PHI [ 5 ]. 

 One of the greatest potentials for an ethical breach is in the area of inappropriate 
access to PHI. Some examples of the issues of access may be: lost or stolen passwords, 
not properly logging out of computers, not using privacy screens in high patient 
traffi c areas and improper sharing of PHI through e-mail to name just a few. Access 
of PHI for the purposes of the greater good of the patient has to be balanced against 
the issue of the personal privacy of the patient [ 20 ]. Also, as EHRs and the informa-
tion contained within the patient record become more widely accessible what groups 
of providers or ancillary support staff should have access this data and what level of 
access should be granted? That is, for example, does a laboratory technician, a nurse 
and a pharmacist, all of whom may participate in a patient’s treatment, be provided 
equal access to the patient’s data in the EHR and at what level should this access be? 
Also, if the patient was diabetic and the pharmacist was prescribing medication 
would it be helpful for him or her to know the patient’s latest HbA1c values? 
Ultimately, no matter how far technology advances or how interconnected and 
widespread EHRs become the providers or end-users must still manage the EHR by 
adhering to sound ethical principles.  

1.5     Challenges with the Use of the EHR 
and Potential Solutions 

 Along with the proliferation of EHRs have come some challenges that must be met 
and solutions that must be devised. EHRs provide a way to electronically enter, 
manage and retrieve large amounts of patient data. Along with the ease of opera-
tions in using EHRs comes the ease with which users can create ethical challenges 
in the way in which patient data is managed. The ease with which previously written 
clinical or progress notes can be copied and pasted is a potential problem in the 
record. If there are errors in the text that was copied then those errors will continue 
to be reproduced [ 21 ]. Additionally, if clinic notes are copied from other providers, 
as may be the case once there is better interconnectivity, then there may not only be 
errors that may be reproduced, but the issue of plagiarism also becomes a factor. 

 Another timesaver that is becoming more routinely used is the note template. 
Practitioners may create a note template that might have standardized language 
that would be common to a particular oft used procedure. The clinician may often 

1 Electronic Health Records in Dentistry: Clinical Challenges and Ethical Issues
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prepopulate the note fi eld with this standardized note and then edit the note following 
the procedure. Unfortunately, when the clinician is rushed the note may not get 
properly edited [ 21 ]. There are many other shortcuts that can be utilized with EHRs 
that make record entry and data management much easier for the clinician, but have 
the potential for pitfalls. 

 The ability to enter patient data into the EHR chair-side now also makes record 
entry so much more effi cient. As detailed earlier in this chapter, real time data entry, 
although convenient for the provider, may cause a break in the attention given to the 
patient. The clinician must constantly divert his or her attention from the patient and 
onto the computer screen. This break can be perceived by the patient as a lack of 
attentiveness to their health issues, and secondly the clinician must use his observation 
skills when asking a patient about his health to see his or her non-verbal reactions. 
This is an important aspect of medical and dental history taking that may be lost as 
the doctor-patient relationship is interrupted by the computer [ 21 ]. 

 What are some potential solutions? Some clinicians choose to avoid the timesaving 
aspects that the EHR provides and stick to the meticulous and painstaking methods 
that we once found as routine when paper records were common place. They avoid 
using note templates, completely write out patient notes with each visit, refrain from 
copying and pasting and either write out short notes or type in brief descriptions 
as the interview patients so they will avoid coming between their patients and the 
computer [ 22 ]. Clinicians ultimately want to practice in a contentious and ethical 
manner, but also in the most effective and effi cient way with the use of the latest 
technology, so practitioners will need to adapt to the challenges that are introduced 
by EHRs and computers.  

1.6     EHRs and Research 

 EHRs contain a rich treasure trove of patient data that can be mined for multiple 
purposes. Clinical researchers may use EHR data to compare treatment outcomes 
and help establish evidence-based care. Public health researchers may better under-
stand the incidence of dental diseases in specifi c groups of patients. Dental device 
companies may fi nd the data useful for helping to determine the frequency of which 
providers use their products. And payors may use the data to help set reimbursement 
rates. The use of EHR data for purposes other than for treating and caring for an 
individual patient is referred to as “secondary use” [ 23 ]. 

 While the potential benefi ts of re-using EHR data are nearly limitless, there are 
several major challenges [ 24 ]. EHR data that are collected as part of the milieu of 
providing care may not be in a usable format to undergo the rigors of scientifi c 
inquiry. Unlike data that are collected as part of clinical trials, EHR data will likely 
contain differences in both the language and format used by the clinical providers to 
document patient care. Further, as data are aggregated across different institutions, 
the variability amongst the sites will be great. For instance a patient’s oral health 
status may be described in detailed narrative form at one institution, while others 
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may use a neatly placed structured fi eld on a form. To help solve some of these 
challenges, the Consortium of Oral Health Research and Informatics (COHRI) was 
founded to provide standardization for how large dental institutions such as dental 
schools document in an EHR [ 25 ]. As a result, many COHRI member institutions 
now use a consistent medical and dental history form, as well as a standardized 
dental diagnostic terminology [ 26 ]. In addition, a large dental data repository called 
BigMouth (  https://cohri.uth.tmc.edu    ) has been developed based on data from 
members of the consortium. Figure  1.3  shows a screen shot from the COHRI project 
that demonstrates the research power of an EHR database search (Fig.  1.3 ). This 
type of search allows the researcher to collect information contained within member 
institutions EHR databases and provides information on use of treatment codes 
along with a breakdown of patient demographics.

   There are also ethical issues that should also be pondered before reusing patient 
data for purposes other than direct patient care. First and foremost, patients are 
often not aware that their data will be reused for secondary purposes [ 23 ]. There 
are some protections in place as part of the Health Insurance Portability and 
Accountability Act (HIPAA) and specifi cally the “privacy rule” that sets guide-
lines for how identifi able patient health information may be used for research 
purposes and when patient consent is required. However, concerns remain that 
even when researchers use a fully de-identifi ed dataset there is still a risk of re-
identifi cation of patients [ 27 ].  

  Fig. 1.3    Screen shot of using the Query & Analysis Tool of the BigMouth Dental Data Repository. 
This tool is based on the i2b2 Data Warehousing platform (i2b2.org) and allows researchers to 
query de-identifi ed patient data across contributing organizations       
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1.7     Cloud-Based EHRs and the Future of the Technology 

 Cloud-based EHRs have become a viable option for health care practices, clinics 
and even schools and have become an effective method to manage PHI. Not only 
do cloud-based systems provide a very effi cient method to share PHI between and 
among practitioners, but is also much more cost effective because it reduces hard-
ware costs and licensing fees that are common with client-server software EHRs. 
Encryption of patient data facilitates information sharing over the internet and 
provides a means to view PHI in a timely manner which helps patients to be seen 
in multiple locations on an emergency basis [ 28 ]. Cloud-based EHR systems have 
the potential to improve health care, provide wide reaching research opportunities 
and to simplify patient treatment by avoiding the duplication of gathering patient 
data [ 29 ]. 

 The number of EHRs on the market continues to grow with more than 700 
vendors producing about 1,750 distinct products [ 30 ]. Communication among 
providers or between providers and patients is currently exacerbated by these 
disparate systems not working together. Current non-health care related com-
panies manage secure and confidential communications with customers over 
the internet, so the adaption of this technology to EHRs seems to be a logical 
next step. EHR companies will likely provide bundled, interoperable and suit-
ably adapted technologies that will be optimized for use in the health care envi-
ronment [ 30 ].  

1.8     Summary 

 Many physicians and dentists today continue to be locked into utilization of 
outmoded EHRs that in some cases were developed years before explosion of the 
internet. In today’s world the need for better, faster and more secure communication 
is becoming a mandatory aspect of effi cient patient treatment. There continues to be 
a growing need for all providers of health care to be able to effectively communicate 
with one another and with their patients so that PHI can be securely shared. As 
information technology and EHRs evolve to allow for more effective patient infor-
mation management, EHR developers with the help of health care providers need to 
work together to ensure that these systems, protocols and workfl ows follow sound 
principles of data collection, management and storage. EHRs need to be dynamic, 
state-of-the art and fl exible information management systems that allow for patient 
data to be easily and securely shared and stored, provide suffi cient integration of all 
available clinical applications and be operated in an environment that allows the 
health care practitioner to deliver care that is evidence-based and provided in a manner 
that is ethically sound.     
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    Chapter 2   
 Teledentistry and the Distant 
Diagnosis of Oral Mucosal Disease 

                   Cassius     C.     Torres-Pereira      ,        Imara     de     Almeida Castro Morosini    , 
and     Bruna     Basso     Fonseca   

    Abstract     Teledentistry can be described as the transmission of synchronous or 
asynchronous clinical information using electronic health records, digital imaging 
and telecommunication technology. It can reduce inappropriate referral rates by 
providing treatment supervision and a second professional opinion based on the 
exchange of health information. The objective of this chapter is to summarize the 
telehealth literature in oral medicine and to explore the methods that have been used 
in this specialty.  

  Keywords     Oral medicine   •   Oral manifestations   •   Teledentistry   •   Telehealth   • 
  Medical records  

2.1         Introduction 

    Teledentistry can be considered as the transmission of synchronous or asynchro-
nous clinical information using electronic health records, digital imaging, telecom-
munication technology and Internet protocols to provide teleconsultations or second 
opinion with specialists. It can be adopted to guide general practitioners in the 
 distant diagnosis and treatment of common or rare diseases and to reduce inappro-
priate referral rates by providing treatment supervision and a second professional 
opinion based on the exchange of health information [ 1 – 4 ]. 

 Some dentistry specialties are experiencing the benefi ts of the continuing devel-
opment of telehealth. The practice of teledentistry is expected to reduce economic 
and emotional costs involved in patient transportation to reference centers, mainly 
in situations that could be diagnosed or treated in primary-care units. Although the 
use of telehealth has been studied in many medical specialties, there is a lack of 
consistent evidence for its advantages in dentistry [ 1 – 4 ]. 
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 Oral medicine is a dentistry specialty devoted to the diagnosis and treatment 
of oral diseases [ 5 ,  6 ]. Most part of the clinical practice in oral medicine com-
prises the direct visualization of oral tissues for the recognition of mucosal visi-
ble alterations. Visual inspection of the oral mucosa is frequently the fi rst step for 
the diagnosis and clinical reasoning. It is also the visual inspection that guides 
the clinician to request complimentary exams or to decide immediately for spe-
cifi c therapeutics. In many parts of the world there is a limited number of oral 
medicine specialists. It is not rare for patients to delay clinical specialized atten-
tion or to have an urgent consultation with professionals outside the oral medi-
cine area [ 5 – 7 ]. 

 In oral medicine, the idea of using teledentistry to triage referrals, and its 
potential as a tool to support locally based treatment, poses an alternative 
approach to the management of oral medicine referrals. It has been considered 
a potentially  cost- effective method to provide healthcare to underserved popu-
lations, including socially disadvantaged people, those who live in remote or 
rural areas, where distance from the regional center can be a significant barrier 
[ 8 – 13 ]. 

 The objective of this chapter is to summarize the telehealth literature in oral 
medicine and to explore the methods that have been used in this emerging fi eld.  

2.2     Telehealth in Oral Medicine: What Is the Evidence? 

 Many health disciplines, including dentistry, can employ telehealth technologies 
in the delivery of clinical diagnostic services to remote areas devoid of dental 
specialists or even general dental practitioners (GDP). Despite this, teledentistry 
had been rarely used as a method of diagnosis, consultation and referral in den-
tistry practices [ 1 ,  2 ]. 

 Some studies in dentistry investigated whether the use of internet based com-
munication technology and intraoral cameras for visual oral health screenings 
would be comparable to traditional screenings [ 14 – 16 ], others developed systems 
of telemedicine consultation for preoperative assessment or treatments follow up 
[ 17 – 20 ] and also evaluated patients and clinicians acceptability to these methodolo-
gies [ 8 ]. 

 Evidence summarized elsewhere shows an increasing number of studies, in 
 different dentistry specialties, which report the use of information technology to 
improve oral health care [ 1 – 4 ]. Among those studies it is possible to identify 
reports that investigate the possible practice of oral medicine using a telehealth 
approach. The concept of oral medicine used in this chapter excludes studies of 
teledentistry in other fi elds such as oral radiology, oral maxillofacial surgery and 
temporomandibular joint disorders and focus in specifi c research of oral mucosa 
diseases. 
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2.2.1     Methods Used for Teleconsultations 

 Teleconsultations can be conducted basically in two ways: the “store and forward” 
method or videoconferences. In the “store and forward” method, data collected 
from oral clinical examinations, oral digital photography or digital radiographic 
images can be stored in an electronic fi le format, and all of the patient records can 
be retrieved and reviewed by specialists using a common electronic platform 
(Figs.  2.1, 2.2 and 2.3 ). Alternatively, the data can be sent electronically to another 
specialist to obtain a second opinion at any time.

   In contrast, videoconferences or real time consultations employ direct, on-line 
computer or satellite telecommunication technologies among specialists and GDP’s, 
telehealth assistants or patients located in remote communities, as long as the spe-
cialist remains online to provide instant support and supervision. 

 Studies have been developed using one or both of these methods depending on 
the research design and the study objectives but most of them were developed using 
“store and forward” methodologies. This is probably because they are less expen-
sive and time consuming than videoconferences. A total of six studies in oral medi-
cine are briefl y reviewed. They are summarized in Table  2.1 .

   In the study reported by Leão and Porter [ 8 ], the sample was comprised of 20 
patients referred to a dental institute for the diagnosis and management of oral 
mucosal disease. Digital images of oral lesion were captured by intraoral cameras 
and stored on videotapes, and thus, patients could view their own images on a color 
monitor. Photographs of each lesion were recorded, printed and stored in the 
patient’s clinical chart. Digital images and important clinical details were recorded 
in a standardized electronic letter and sent via e-mail as attached fi les. A group of 
judges was asked to compare the original and transmitted clinical images and to 
provide a professional diagnosis of each patient’s problem, which was compared to 
that of the attending consultant. Patients were asked to complete a questionnaire 
detailing their opinions of intra-oral camera utilization. They also were asked about 
the acceptability of viewing the images of their lesions. 

 They concluded that patient and clinician had good acceptability toward record-
ing and electronically transmitting clinical images of common oral diseases and, 
therefore, aimed to develop the application of this methodology in the distant diag-
nosis of oral diseases. 

 Younai and Messadi [ 9 ] retrieved 78 complete charts from an oral medicine 
clinic and blindly evaluated the diagnostic agreement between the fi nal diagnosis 
(gold standard) and a provisional diagnosis made independently and blinded by two 
oral medicine specialists based on an email with detailed information from the 
patients clinical chart. The fi nal diagnosis or clinical hypotheses were omitted from 
the email. The objective was to test the accuracy of a clinical hypothesis based on 
the electronic communication of signs and symptoms and other relevant clinical 
data. The authors were concerned about the legal, ethical and fi nancial impact of the 
increasing use of electronic communication between the health staff and patients. 
The authors compare their kappa index to some studies in teledermatology and 
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found that even not using clinical pictures of oral lesions there was a moderate level 
of diagnostic accuracy. Although the impressive kappa results the authors alerted 
that their pilot study results “suggest that face-to-face patient examination is more 
accurate in establishing a correct diagnosis for oral mucosal pathologies than trans-
mitted descriptive patient data alone”. 

  Figs. 2.1, 2.2 and 
2.3    Clinical images obtained 
by a professional camera with 
macro lens and ring fl ash: the 
gold standard for intraoral 
pictures can have a positive 
impact in oral medicine cases 
referral (1. fi ssured tongue, 2. 
oral trauma, food burning, 3 
oral cancer)       
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 Torres-Pereira et al. [ 10 ] studied 25 patients during a 12-month period. All indi-
viduals lived in an underserved rural community distant from the main oral medi-
cine reference clinic in southern Brazil. Authors developed an electronic form to 
record clinical data that was stored as a text-processing fi le. Oral lesions were docu-
mented using a professional digital camera with macro lens and ring fl ash. 
The clinical images were saved as JPEG fi les and then sent as an e-mail attachment 
to two consultants. Both consultants were oral medicine specialists and evaluated 
the images blinded and separately. It was requested that they record a maximum of 
two clinical hypotheses for each case, selected from a predefi ned list. Final diagno-
ses (gold standard) were compared to those provided by the remote clinicians to 
assess the percentage of total, partial or incorrect hypotheses.. The results suggest 
that digital photography can be an effective alternative in the clinical diagnosis of 
oral lesions, and primary care public health clinics may benefi t from the use of tele-
health in remote areas where oral medicine specialists are not available. The authors 
concluded that there was an acceptable diagnostic accuracy rate with use of oral 
lesions pictures sent by e-mail and in only one case it was necessary to refer the 
patient to a major center. They emphasized that the diagnosis of oral lesions using 
asynchronous technology could be an effective resource to manage referrals in the 
Brazilian public health system. 

   Table 2.1    Studies of teledentistry in oral medicine   

 Reference  Method  N  Conclusion 

 Leão and Porter 
[ 8 ] 

 Intraoral camera. Images and 
resumed clinical history sent 
by email 

 20  Patient and clinician showed good 
acceptability to transmitting clinical 
images. Appropriate provisional 
diagnosis in 64 % of cases 

 Younai and 
Messadi [ 9 ] 

 Clinical history sent by email. 
No images of the lesions 

 71  58–64 % diagnostic agreement 
between judges and the gold 
standard 

 Torres-Pereira 
et al. [ 10 ] 

 Professional digital camera 
with macro lens and ring 
fl ash. Images and brief clincal 
history sent by email 

 25  In 88 % of cases, at least one out of 
two distant consultants provided the 
correct diagnosis. Only one case 
referred for presential specialized 
consultation. 

 Bradley et al. 
[ 11 ] 

 Intraoral camera. Images, and 
brief clinical history sent by 
email 

 37  65 % had clinical common lesions 
manageable at the primary care 
facility and 20 % needed urgent 
hospital visit 

 Blomstrand 
et al. [ 12 ] 

 Electronic health records and 
image Internet-based 
discussions: “telemedicine 
rounds”. 

 10  Most patients (n = 8) had the 
diagnosis and treatment suggested 
with telemedicine rounds, while two 
were referred to a specialist. 

 Torres-Pereira 
et al. [ 13 ] 

 Professional digital camera 
with macro lens and ring 
fl ash. Images and brief clinical 
history sent by email 

 60  In 80 % of cases, at least one out of 
two distant consultants provided the 
correct diagnosis 
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 Bradley et al. [ 11 ] used a prototype teledentistry system as part of a strategy to 
implement a teledentistry service in Northern Ireland. The prototype included a 
personal computer and an intraoral camera. The study was conducted in Belfast 
with 37 patients. The feasibility of distance-diagnosis of oral mucosal diseases 
through e-mail and a store-and-forward image system was investigated using trans-
mission of digital images to distant consultants. The authors identifi ed that 8 (20 %) 
out of the 37 referred patients should be seen in person and the others (65 %) could 
be treated or monitored at the primary care facility under supervision of the remote 
oral medicine expert. The teledentistry system identifi ed also one “harmless lesion” 
and one case of referral to the wrong specialty. The authors described that the sys-
tem was “especially suitable for management of referrals of older dependant adults 
who have oral mucosal disease”. They found that teledentistry may represent a cost 
effective approach to manage referrals in oral medicine. 

 Blomstrand et al. [ 12 ] investigated an interactive system for Internet-based con-
sultations and discussions via “telemedicine rounds”, which was tested in a pilot 
study with 10 patients. The system consisted of a secure Internet-based application, 
standard personal computers, broadband Internet connections, and a digital camera. 
They used vocal communication by conference phones. As a result, 8 patients had 
the diagnosis and treatment suggested in the telemedicine rounds, while only 2 were 
referred to a specialist. The dental health clinic could thus provide treatment with-
out the need for referral to a consultant. They concluded that telemedicine system 
described allows patient care to be provided rapidly and more economically. 

 Torres-Pereira et al. (2013) repeated their accuracy study using the digital profes-
sional camera with macro lens and ring fl ash for oral mucosa pictures. They 
increased the sample to 60 patients that had their lesions images and their most 
important clinical informations attached to emails sent to two distant consultants. 
The results were similar to the their fi rst pilot study where the two consultants made 
up to 80 % correct clinical hypotheses when compared to the fi nal histopathology 
description (gold standard). 

 The use of Internet in telehealth may be a practical mean of communication 
between dental clinicians, thereby improving patient management. Considering the 
evidence available, teledentistry consultation in oral medicine can be considered 
quite as reliable as traditional visits. It has the advantage of being an effi cient and 
probably more economical method for providing preoperative assessments when 
patient transportation is diffi cult or costly. It is plausible that teledentistry also can 
improve access to diagnosis and treatment for those who would otherwise not 
receive an immediate and early care. 

 Information technology could increase the accuracy of consultations because it 
allows the specialist to review digital images outside of a medical center quickly 
and easily and could provide a screening method to organize a referral system for 
patients requiring specialty services. It can improve the effi ciency of specialty triag-
ing and allows the integration of remote experts, thus facilitating the global avail-
ability of specialized knowledge (Figs.  2.4, 2.5 and 2.6 ).
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  Figs. 2.4, 2.5 and 
2.6    Clinical images obtained 
by a smartphone camera can 
provide good clinical pictures 
for the preliminar appraisal 
and the chart register of 
clinical oral manifestations. 
(1. peripheral ossifying 
fi broma, 2. fi broma, 3. 
mucous membrane 
pemphigoid)       
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2.3         Considerations and Future Directions 

 This brief review has demonstrated that teledentistry is being considered a feasible 
approach also in oral medicine; however, a standard method or minimum equipment 
requirement for its application in the specialty has not yet been established. Distinct 
health communities can experience distinct problems such as the availability and 
training of human resources, bandwidth and protocols of data transmission. 
Financial constraints in developing countries should be a concern. Also, it is worth 
remembering that the implementation of a teledentistry system can be more diffi cult 
outside the academia where time and training are usually less problematic than in a 
non academic outpatient public or private practice. Nevertheless, in some studies, 
low cost and domestic technologies such as digital cameras and e-mail were 
employed with good results, demonstrating that the benefi ts of teledentistry in oral 
medicine can overcome common diffi culties and could be experienced even without 
expensive resources. 

 Some medical specialties are developing faster in telehealth research. In den-
tistry it can be observed an increasing research output in areas such as oral and 
maxillofacial surgery, orthodontics, pediatric dentistry and special care dentistry. 
Oral medicine seems to be a promising area for teledentistry investigation. 

 Despite the impressive evolution of communication technology in the last two 
decades, it seems reasonable to direct future investigations toward determining the 
barriers that still delay the implementation of teledentistry as an adjunct for a 
 comprehensive health care system.     
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    Chapter 3   
 Potential Caries Assessment 
Methods for Teledentistry 

             Robert     S.     Jones    

    Abstract     This chapter focuses on caries detection and optical based imaging tech-
nologies that have the potential to be used for oral health screening of children and 
adults by adjunct personnel. Another focus is examining how teledentistry based 
caries detection needs to be integrated with risk assessment and topical manage-
ment approaches. This chapter also focuses on the importance of using a teleden-
tistry lesion scale (TLS) where assessment scores directly correlate to clinical 
recommendations in order to simply the work fl ow in teledentistry. This chapter 
discusses the evidence of scattering and fl uorescence based optical caries detection 
systems in the context of teledentistry. Despite considerable advancements in the 
technology of early caries detection, advanced imaging and detection methods have 
not been shown to have markedly superior diagnostic values from simple visual 
image analysis for use in teledentistry.  

  Keywords     Caries Management   •   Teledentistry Lesion Scale   •   Optical Scattering 
Detection Systems   •   Cross-Polarization Optical Coherence Tomography   • 
  Fluorescence-based Optical Detection Systems  

     Optimal    oral health care benefi ts from the detection of early changes in health. For 
this chapter, dental caries, especially in children will be the primary focus. For 
dental caries, the most optimal oral health care is identifying caries risk factors and 
the presence or absence of protective factors and practices [ 1 ]. This assessment can 
be integrated with a teledentistry based oral health screening delivered by adjunct 
 dental personal, who can deliver preventive dental care. With the new adoption of 
mid- level providers (e.g. dental therapists), teledentistry can also assist with restor-
ative care in children and less advanced restorative care in adults. Diagnostic 
 imaging methods have the potential to be used by mid-level providers to offsite 
dentists for real-time perioperative evaluation and post-procedure quality assurance 
programs. 
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3.1     Caries Management 

 Strategies for managing dental caries have increasingly used the concept of risk 
assessment [ 2 ,  3 ]. Caries risk assessment is the determination of the likelihood inci-
dence of caries in the immediate future. Importantly, preventive dental care has the 
potential to be delivered by adjunct dental personnel in remote or critical access 
areas. Children with a high-risk for dental caries may be effectively screened for 
early presence of non-cavitated lesions utilizing telehealth technologies [ 4 ]. 
Children can be screened with an intraoral camera in teledentistry where images are 
collected by trained adjunct dental personnel. Images can then be interpreted and 
assessed by an offsite dentist. Teledentistry may also include caries risk assessment 
questionnaires and objective caries detection measurements that are forwarded to a 
dentist for a comprehensive evaluation. Although most questionnaires based risk 
assessment do not have high diagnostic predictively, without using bacteria screen-
ing [ 5 – 7 ], risk assessment is a critical step in teledentistry. For example, children 
who are exposed to community water fl uoridation are not only less likely to have 
dental decay but their overall severity is less [ 8 ]. Risk assessment also reinforces the 
teledentistry focus on evaluating the overall oral health of the patient and not solely 
examining individual teeth. 

 Caries risk also aims to predict the rate of progression of current non-cavitated 
carious lesions [ 9 ]. The dental team can help prevent cavitation of early incipient 
enamel lesions by correctly identifying key risk factors and demineralization in the 
early stages [ 10 ,  11 ]. The presence of non-cavitated lesions have been shown to 
have a predictive value for future caries elsewhere [ 12 ]. Detecting near-surface 
incipient lesions allow arresting or reversing the disease progression through topical 
therapies and improved oral hygiene and diet, as highlighted in CAMBRA caries 
management strategies [ 12 ,  13 ]. For patients with incipient non-cavitated lesions 
that have progressed just into the outer surface of dentin, sealant placement or mini-
mal invasive restorations are advantageous to arrest the lesion [ 14 ]. Risk assessment 
is now viewed as the critically important step in the clinical decision process of 
managing the disease. For teledentistry, caries risk assessment can effectively 
m anage and triage patients for treatment planning, prevention, and establishing 
follow- up and recall times.  

3.2     Teledentistry Lesion Scale (TLS) 

 Several authors have recognized the importance of integrating caries detection and 
assessment with clinical treatment recommendations [ 15 ,  16 ]. Most assessment 
methods attempt to measure dental caries along the continuum of the disease. 
Common oral radiology assessment evaluates and scores lesion progression by 
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progression in depth. For example, dentist will score and record enamel lesions 
confi ned either to the outer half (E1) versus approaching the enamel-dentin junction 
(E2). Visual assessment (ICDAS-II) of occlusal surfaces attempts to capture the 
different stages of the disease progression [ 17 – 19 ]. Newer adjunct detection sys-
tems have modeled their assessment from these radiographic and visual assessment 
ordinal scales of diagnostic criteria [ 16 ,  20 ]. The benefi ts of a larger dynamic range 
of scoring allow dentists to measure disease progression and rate; however, there is 
still little longitudinal trials evaluating the ability to monitor carious lesion progres-
sion using these scoring systems. In terms of teledentistry, compressing any scoring 
system benefi ts the logistics and workfl ow of providing oral care. The teledentistry 
lesion scale (TLS) is a simple scoring method where tooth structure is scored 0–2. 
Its purpose is to simplify the treatment triage decision making process in teleden-
tistry. TLS uses a scoring method that is related directly with possible clinical rec-
ommended treatment options (Table  3.1 ). This methodology is similar to those 
employed by past studies examining how lesion assessment translates to treatment 
decisions by an examiner [ 21 ,  22 ]. A score 0 indicates that the tooth appears sound 
with no evidence of demineralization. This corresponds to a CAMBRA recommen-
dation to address the presence or absence of risk factors and protective factors [ 13 , 
 23 ,  24 ]. A score ‘1’ indicates that an examiner identifi es the presence of an enamel- 
only caries lesion. The likely treatment option applied clinically would be to deter-
mine key biological and behavior risk factors and consider topical therapies (e.g. 
fl uoride based) to promote lesion remineralization [ 13 ,  23 ,  24 ]. This preventive 
treatment can be delivered by adjunct dental personnel remotely. A score ‘2’ indi-
cates that demineralization has progressed into the dentin. The likely treatment 
option would be to determine risk factors for future caries, deliver appropriate pre-
vention therapy, and seal or restore the lesion with the most minimal intervention 
possible [ 23 ,  25 ]. In certain circumstances, a midlevel provider can provide care to 
children or an adult in a critical access area. This would be done after fi nal assess-
ment and treatment planning by a dentist.

   Table 3.1    Teledentistry Lesion Scale (TLS)   

 Score  0  1  2 

 Gold standard 
assessment 

 Sound, no evidence of 
demineralization 

 Demineralization 
extending into enamel 
only 

 Demineralization 
extending into 
enamel and outer 
dentin 

 CAMBRA based 
recommendations 

 Assess/address  Assess/address risk 
factors 

 Assess/address risk 
factors 

 Risk factors  Arrest/remin early 
lesion with 
therapeutics 

 Treat with minimal 
intervention (e.g. 
sealant or small 
restoration) 
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3.3        Caries Detection Methods 

 Caries on fi ssured surfaces account for over 80 % of all caries on young permanent 
teeth [ 26 ]. Dental radiography may not effectively identify early non-cavitated 
lesions on critical tooth surfaces. Occlusal caries continue to be diffi cult to identify 
and monitor, particularly in the early stages, using conventional methodologies. The 
nature of dental decay, especially pits and fi ssure caries, has changed dramatically 
with the use of fl uoride, where lesions are often  hidden  underneath an intact veneer 
of surface enamel [ 27 ]. Therefore, in many cases, occlusal lesions develop slowly 
and do not cavitate, making lesion detection with conventional methods even more 
challenging than in the past. The hidden nature of occlusal caries makes diagnosis 
very subjective with visual inspection, where staining of the fi ssures can increase 
false positives and lead to unnecessary treatment. For occlusal lesions, tactile and 
visual inspection have been shown to have low sensitivity, ~0.3, because of the hid-
den nature of the lesions [ 28 ]. Tactile and visual inspection offer high specifi city 
~0.95 for advanced occlusal lesions that extend into the dentin, but the specifi city is 
below 0.80 for lesions confi ned to the enamel that can be treated with non- surgical 
therapy [ 29 ]. The ability to detect near cavitated lesions is in itself problematic 
because the insertion of a sharp explorer can advance the progression of a lesion by 
damaging the outer surface of the lesion [ 30 ] and cause ingress of bacteria. Since 
conventional use of tactile assessment using a sharp explorer is no longer the gold 
standard for a clinical exam, teledentistry has potential to provide an evaluation 
close to the standard of care, with the exception of using tactile methods to feel the 
surface zone of smooth surface lesions [ 31 ]; however, these lesions are likely to be 
managed with topical therapies until obvious cavitation. 

 Optical caries detection systems have the potential to assist with visual assess-
ment for the use of teledentistry. The list of systems on the market at the time of this 
article is extensive and expanding. Optical caries detection can be categorized as 
either scattering-based or fl uorescence-based. The aim of this chapter is to not 
review all of these systems but highlight studies that are the most relevant to oral 
health evaluation in teledentistry. Most of these studies focused on assessing perma-
nent teeth rather than primary teeth.  

3.4     Scattering-Based Optical Scattering Detection Systems 

 Newer optical methods, such as the Midwest Caries ID™ (MID) and CP-OCT, have 
the potential to detect early non-cavitated occlusal lesions using non-ionizing, safe 
radiation (light). Increasing the accuracy of detecting and assessing early carious 
lesions with either objective direct measurements or an imaging modality that can 
allow remote assessment would serve children in critical communities. A potential 
objective caries detection measurement that could be collected by adjunct personnel 
may be accomplished using readings from the visible light based Midwest Caries 
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ID™ (Dentsply, York, PA) [ 32 – 34 ]. There is potential for adjunct personnel to elec-
tronically send a table of recorded readings from Midwest Caries ID™ to aid an 
offsite dentist in treatment planning. 

 Another emerging method for teledentistry includes near infrared imaging 
modalities, such as Cross-Polarization Optical Coherence Tomography (CP-OCT) 
[ 35 ,  36 ]. CP-OCT can be compared conceptually to ultrasound imaging since both 
techniques use an incident beam and measure a refl ected or backscattered signal. 
Conventional OCT and the polarized enhanced CP-OCT has been shown to detect 
early carious lesions through an increase in light scattering [ 37 – 39 ]. CP-OCT is 
promising because it performs a real time optical image of the microstructure of the 
tissue, without radiation or surgical intervention [ 40 ]. Multiple OCT images can be 
produced within seconds, which is advantageous as a clinical detection technique 
[ 37 ]. The rapid acquisition of CP-OCT imaging can allow adjunct dental personnel 
to use the device for preventive dental screenings. Acquired CP-OCT images can 
later be interpreted by a dentist; however, there are few comparisons between other 
less costly optical devices, such as the Midwest Caries ID™ (MID) and simple 
visual camera images (CAM). 

 The MID uses a Light-Emitting Diode to emit a range of red light and then mea-
sures the scattering of light due to mineral changes experienced from carious lesions 
to determine if carious lesions exist [ 33 ,  34 ]. Red light normally scatters in sound 
tissue in a predominantly forward direction with minimal light being backscattered. 
As the mineral content of the measured area becomes less mineralized, more back 
scattering is detected, since demineralization causes isotropic (360°) scattering 
[ 41 ]. MID detects this increase in backscattering but there are few studies examin-
ing how much backscattering intensity is interpreted as caries. The individual mea-
surements with the MID device occurred after calibration of the device. Teeth 
should be kept moist. The tip of the device can be inserted vertically on the surface 
of each tooth and moved around slightly (without pressure) in the pits and fi ssure 
area between the reference points. The MID uses a red indicator light to communi-
cate to the examiner the presence of demineralization. In addition the MID produces 
sound at two frequencies; with the higher frequency designed to detect higher scat-
tering being associated with a larger more extensive amount of decay (score = 2). 

 Both CP-OCT and MID (Fig.  3.1 ) do not have markedly superior diagnostic 
values from simple CAM assessment when assessing non-cavitated lesions 
(Table  3.2 ). These values were calculated from a gold standard of histology exami-
nation after sectioning [ 15 ]. It is important to keep in mind that, ICDAS-II score 1 
and 2 teeth have both been shown to have demineralization extending into the dentin 
in approximately 17–33 % of  in vitro  cases [ 19 ,  42 ,  43 ]. Although MID and CP-OCT 
were useful in detecting the presence of demineralization, examiners were not able 
to utilize these devices to adequately assess the depth of the demineralization. The 
limitations of CP-OCT can be explained when examining Fig.  3.1 . Demineralization 
caused the incident linearly polarized NIR light to be highly scattered and depolar-
ized. The pit and fi ssure area near the reference point ‘r1’ (Fig.  3.2b , arrow) indi-
cated extensive demineralization for E5 and E6 that was much greater than small 
surface demineralization; however, the scattering was so extensive in the upper 
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  Fig. 3.1    Each tooth had two 
composite reference points 
(r1 and r2). The test area was 
the fi ssure area between the 
points. ( a ) All CAM images 
were assessed Score ‘2’. All 
MID Scorings were ‘0’. ( b ) 
CP-OCT images were taken 
before tooth sectioning. 
CP-OCT images are 
presented in grayscale. Black 
areas have low scattering and 
white areas have high 
scattering. All CP-OCT 
scorings were ‘2’ based on 
the fi ssure area near r1 
( arrow ). ( c ) Histological 
evaluation using caries 
indicator dye confi rmed 
demineralization extending 
into enamel and dentin with 
Score of ‘2’( arrow ) (Picture 
from Van Hilsen et al.,  BMC 
Oral Health , 2012)       
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 portion of the lesion that the full extent of the demineralization was not measured 
by CP-OCT. This was likely because the scattering degraded and attenuated the 
incident light. The CP-OCT NIR light could not penetrate deep enough through the 
entire lesion. This observation agrees with past studies where demineralization in 
enamel hides the underlying tooth structure [ 44 ,  45 ]. It is important to point out that 
although the intensity of the incident light and the sensitivity of the CP-OCT detec-
tor can be increased in the future, improving these factors may not be able to mark-
edly improve signal penetration, especially at intensity levels that are safe for 
diagnostic CP-OCT imaging.

     Another limitation in CP-OCT imaging was that it was diffi cult to assess the fi s-
sure depth in reference to the DEJ. The DEJ was not apparent in the majority of the 
images of this study. This was likely caused from the internal refl ection angle (criti-
cal angle) of light traveling through enamel back to the detector. To clarify, as the 
returning (back-scattered) signal traveled back through the enamel toward the tooth 
surface, the signal could be internally refl ected when the occlusal topography angles 
were greater than 37–54° to incident plane (the range is dependent on the water 
moisture level). In certain occlusal samples, internal refl ection could attenuate the 
backscattered signal from deeper enamel and dentin layers from returning to the 
CP-OCT for measurement. Another explanation is that the CP-OCT system could 
not actively focus well below the surface to acquire the deeper DEJ signal; however, 
the low numerical aperture lens on the probe was designed to capture deeper 
signals. 

 To assess examiner agreement and reliability when assessing sound versus any 
demineralization (score 0 versus 1, 2), the Intraclass Correlation Coeffi cient (ICC) 
was calculated for each of these methods (Table  3.2 ). This ICC value represents an 
agreement of four readings: two examiners each making two separate assessments 
spaced 1–2 weeks apart. MID was found to have the highest ICC, and the overall 
CP-OCT ICC indicated that there was high variability in assessing the images. This 
highlights an important and often overlooked assessment of caries detection used in 
teledentistry. Reliability in caries assessment is crucial, and CP-OCT requires a 
highly skilled and trained evaluator.  

    Table 3.2    Comparison between visual camera (CAM) based caries assessment and scattering 
based caries detection methods: Midwest Caries ID (MID) and CP-OCT   

 Disease defi ned as score 1, 2  Disease defi ned as score 2 

  ICC  ( 95  %  CI )   Sen    Sp    Sen    Sp  

 CAM  80.5  52.5  48.0  57.8  0.75 (0.64–0.84) 
 MID  46.9  85.0  17.3  88.0  0.83 (0.75–0.90) 
 CP-OCT  83.4  45.0  44.2  72.7  0.49 (0.34–0.65) 

  Adapted from Van Hilsen,  BMC Oral Health  2012 
 Mean Sensitivity (Sen) and Specifi city (Sp) diagnostic values are shown from two examiners each 
making two separate assessments spaced 1–2 weeks apart. Diagnostic values are reported at two 
disease thresholds defi ned after histological sectioning. Mean values of the Sen and Sp are reported. 
The Intraclass Correlation Coeffi cient (ICC) represents the absolute agreement of all four exami-
nations for each diagnostic method. 95 % Confi dence Intervals are presented  
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3.5     Fluorescence-Based Optical Detection Systems 

 Fluorescence-based detection systems have been extensively studied and used in 
clinical practice. Common examples are the Diagnodent ®  (KaVo Dental, Lake 
Zurich, IL, USA), the Soprolife ®  intraoral fl uorescence camera (Acteon, La Ciotat, 
France), the VistaProof ®  intraoral fl uorescence camera (Dürr Dental, Bietigheim-
Bissingen, Germany) which is marketed in the U.S. as the Spectra ®  Caries detection 
system (Air Techniques, Melville, NY). Each of these systems share a similar 

a

c d

b

  Fig. 3.2    ( a ) Visual image (CAM) of an extracted tooth with a lesion that did not penetrate past the 
DEJ (Teledentistry lesion score = 1). ( b ) The  fl uorescence - based  imaging (Spectra/VistaProof ® ) 
illuminates the tooth with 405 nm light and quantifi es the degree of fl uorescence emitted with a 
false color scale. ( c ) Perioperative images of a tooth after the majority of dentinal caries were 
removed. Stained dentin remained. ( d )  Fluorescence - based  imaging (Soprolife ® ) illuminates the 
tooth with 450 nm light and the green and red shifted fl uorescence is visualized. The red shift fl uo-
rescence correlates strongly with the visual brown staining seen in ( c ). All analysis was done soon 
after extraction to preserve porphyrins concentration within the tooth (Images from author)       
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mechanism in that the system illuminates the tooth with a LED light source, albeit 
each with a distinct wavelength, and detects re-emitted light at a longer wavelength 
with lower energy. The detected fl uorescent signal is not generated from sound den-
tal tissue but from porphyrins, synthesized by bacteria, which populate a carious 
lesion [ 46 ]. Thus, it is not a change in the tissue structure or depth that is directly 
related to the signal, rather the volume concentration of porphyrins. In addition, 
porphyrins are not signifi cantly produced by cariogenic Bacteria. They are pro-
duced by other co-populating bacteria [ 47 ]. These are the likely reasons that enamel 
lesions are detected by the Diagnodent ®  with very low sensitivity (~0.4) [ 48 ]. Early 
white spot lesions with no bacteria involvement do not produce a fl uorescence sig-
nal above the background sound enamel since these lesions lack porphyrin metabo-
lites [ 49 ]. The SoproLife ®  and Spectra/VistaProof ®  system have been evaluated in 
the context of differentiating non-cavitated lesions versus cavitated occlusal lesions 
[ 20 ,  50 ]. In that evaluation, the sensitivity of the assessment was similar to an visual 
image (92–95 %) that could be used in teledentistry [ 20 ]. The specifi city of these 
intraoral fl uorescence (37–55 %) were no higher than visual assessment (63 %) 
[ 20 ]. 

 There is growing effort to connect their diagnostic evaluation with treatment 
decisions [ 16 ]. The author encourages the simple use of the Teledentistry Lesion 
Scale (TLS) in evaluating future systems, although expanded scoring does help ini-
tially establish the cut-off values in establishing receiver operator curves (‘sensitiv-
ity’ and ‘1-specifi city’ values plotted at different threshold values) [ 51 ], which is 
needed prior to teledentistry based evaluation. 

 There is concern that assessment of fl uorescence-based imaging (Spectra/
VistaProof ® ) can overestimate the number of individuals who have occlusal enamel 
and dentinal caries at distinct cut-off fl uorescence values [ 52 ]. This means that assess-
ment of these fl uorescence images had a low positive predictive value, which takes 
into account the measured sensitivity, specifi city, and overall disease prevalence. In 
other words, most teeth that were ‘assessed as carious’ were sound. In a teledentistry 
application, this can lead to the over use of referral for unnecessary treatment and not 
solely utilizing prevention and CAMBRA based topical management. Importantly, 
assessing fl uorescence-based (Spectra/VistaProof ® ) imaging was found to have a 
remarkably high negative predictive value (NPV) for enamel and dentinal lesions 
(93–98 %) [ 52 ]. This means that most teeth that were ‘assessed as sound’ were sound. 
The aforementioned study did not histologically validate non-cavitated lesions unless 
there were visual signs of lesion activity, and this may be one reason that the study 
reported a high NPV. The importance is that a caries detection system with a high 
NPV (even if it has a low PPV) can be used in teledentistry to ‘rule out’ a patient as 
having decay and can aid in the appropriate management of the patient. 

 There are new opportunities in teledentistry to use diagnostic imaging during the 
perioperative and post-operative surgical procedure for midlevel providers such as 
dental therapists. This idea is in its infancy (especially in the United States where 
dental therapists only practice in Alaska and Minnesota), but diagnostic imaging 
could be used to remotely assess the caries removal process and help evaluate the 
performance of these midlevel providers. Fluorescence-based imaging has potential 
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to assess the degree of dentinal caries [ 53 ,  54 ]. Preliminary evaluation by the author 
has seen a high correlation between visual staining and fl uorescent based imaging 
assessment (Fig.  3.2c, d ). This is reminiscent of how fl uorescence-based imaging 
may not outperform visual image assessment for initial treatment planning. Future 
studies are needed to investigate this potential use in teledentistry.  

3.6     Summary 

 Despite considerable advancements in the technology of early caries detection, 
advanced imaging and detection methods have not been shown to have markedly 
superior diagnostic values from simple visual image analysis for use in teledentistry.     
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    Chapter 4   
 Home Telecare Program on Oral Health 

             Hon     K.     Yuen     

    Abstract        This chapter describes the use of interactive videoconferencing as a 
strategy for oral hygiene training which may lead to a change in oral hygiene ser-
vice delivery methods, an improvement in access to quality oral health care, and a 
reduction in oral disease burden on underserved populations. Clients who may 
benefi t most from the oral home telecare are those who demonstrate cognitive 
impairment and/or physical disabilities, especially upper extremity dysfunction 
with manual dexterity impairment, and/or orofacial dysfunction. Preventive oral 
homecare via videoconferencing has been shown to build long-term habits for 
maintaining oral hygiene among people with chronic medical conditions or dis-
abilities, thereby maintaining the continuity of care with conventional dental care 
services. Oral home telecare educational and training services provided by occupa-
tional therapists can be integrated into a broader, interdisciplinary, comprehensive 
telerehabilitation delivery program to enhance the patient’s general health and 
overall quality of life.  

  Keywords     Home telecare   •   Telerehabilitation   •   Oral care   •   Dental health education   
•   Adaptive devices   •   Videoconferencing   •   Technology  

4.1         What Is Oral Home Telecare? 

 Oral home telecare, a term coined by Tomuro [ 1 ], is defi ned as “a care services 
system based on interactive motion-picture transmission between households and 
healthcare providers” (p.165).  
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4.2     Evolution of Oral Home Telecare 

 A pioneer study on oral home telecare was conducted by Tomuro in Japan [ 1 ]. 
Through videophone, Tomuro provided real-time live interactive oral care training 
embedded in general health care education to four community-dwelling elderly men 
with brain damage; three of them had hemiplegia and aphasia [ 1 ,  2 ]. The oral home 
telecare was conducted between a dental health professional and the elders and their 
spouses for about 30 min once a week with a median of 10.5 weeks. Analysis of the 
changes in oral health among the four elders at post-telecare training indicated an 
improvement in independence of their oral homecare skills, specifi cally toothbrushing, 
mouth rinsing and denture wearing, and a reduction in dental plaque scores. 

 Based on the oral home telecare concept proposed by Tomuro [ 1 ,  2 ], Yuen and Pope 
[ 3 ] conducted a case study on two women with quadriplegia in the United States to test 
the feasibility of delivering oral hygiene training using assistive oral hygiene devices 
via computer-based, real-time interactive videoconferencing. The study also explored 
the acceptability of the oral home telecare services to the clients. Results indicated that 
it was feasible to provide oral home telecare training via videoconferencing for these 
two adults with quadriplegia, and both participants were satisfi ed with the oral home 
telecare services and enthusiastic about using the services. 

 Extending this feasibility study, Yuen [ 4 ] conducted a small pilot trial (one group 
pre- and post-test design with a 9-month post-training longitudinal follow-up) to evalu-
ate the effectiveness of an oral home telecare program in the use of assistive oral 
hygiene devices to improve gingival health among eight adults with quadriplegia, and 
to investigate the impact of their oral home telecare experience. Individualized training 
was conducted on an average of fi ve 15–30 min sessions across 12 weeks between each 
adult with quadriplegia and an occupational therapist (a rehabilitation specialist) with 
collaboration from a dental hygienist using PC-based, high-speed, two-way, real-time 
interactive videoconferencing. Gingival health assessment using the Löe-Silness gingi-
val index (LSGI) was conducted at baseline, 6 months, and 12 months. 

 At 1-year follow-up, participants showed signifi cant improvement in their LSGI 
scores with less gingival infl ammation. Participants also completed a 21-item ques-
tionnaire, the Oral Home Telecare Questionnaire (see Table  4.1 ) [ 3 ,  4 ], which is 
used to measure participants’ satisfaction with the quality of oral care and interac-
tion with the therapist via videoconferencing. Consistent with the results of reduc-
tion in gingival infl ammation, participants rated improvement in their oral health 
care and the interaction with the therapist being highly satisfi ed.

   In the area of oral hygiene behaviors, an increase in the frequency of daily 
 toothbrushing, dental fl ossing and the use of an oral irrigator 6 months from baseline 
was reported, and the same frequency of oral hygiene was maintained at 12 months. 
In addition, participants brushed their teeth longer during their toothbrushing demon-
stration at 6- and 12-month assessments. Yuen [ 4 ] concluded that an average of fi ve 
sessions of videoconferencing across 12 weeks of oral hygiene training in the use of 
adaptive oral hygiene devices was suffi cient to increase participants’ oral hygiene 
frequency and use of adaptive devices. This resulted in a signifi cant reduction of 
gingival infl ammation and the establishment of long-term oral hygiene habits. 

 In-depth interviews immediately after the 12-week oral home telecare program 
indicated that participants felt more aware of their oral health and made a more 
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 conscientious effort to perform their oral hygiene. Participants generally accepted the 
new technology (i.e., videoconferencing) and were enthusiastic about having the 
opportunity to receive oral home telecare educational services. Participants com-
mented that the oral home telecare service was convenient as it was conducted at their 
home without traveling to a clinic. Few participants had concerns about loss of privacy 
via videoconferencing. Participants who never had videoconferencing experience felt 
a little embarrassed or strange during the fi rst encounter with the therapist, but they 
quickly became used to the therapist looking and talking to them on the screen.  

4.3     Types of Clients Who May Benefi t from Oral Home 
Telecare 

 Based on the literature [ 1 – 4 ], clients who may benefi t most from the oral home telec-
are are those who demonstrate cognitive impairment and/or physical disabilities, 
especially upper extremity dysfunction with manual dexterity impairment. For 
example, clients with brain damage who exhibit hemiparesis and cognitive 

   Table 4.1    Oral Home Telecare Questionnaire (OHTQ)   

 Item #  Item 

 1  I can always trust the videoconferencing equipment to work 
 2  Video visits are a convenient form of dental healthcare for me 
 3  There were technical problems that made it diffi cult for me to hear or see the therapist a  
 4  The therapist can get a good understanding of my oral hygiene condition over the 

videoconferencing 
 5  The home telecare helps me to better manage my oral health needs 
 6  Using videoconferencing the therapist will be able to monitor my oral health condition well 
 7  The use of the videoconferencing equipment seems diffi cult to me a  
 8  I would recommend oral home telecare to a friend 
 9  I got enough information via oral home telecare to perform oral hygiene 
 10  I felt comfortable with the videoconferencing equipment used relative to in-person 
 11  I can explain my mouth and tooth care problems well enough during a video visit 
 12  I can be as satisfi ed talking to the therapist over videoconferencing as talking in person 
 13  The lack of physical contact during a video visit is not a problem 
 14  Oral home telecare can save my time for visiting the therapist 
 15  Video visits make it easier for me to contact the therapist 
 16  I would be willing to use oral home telecare again 
 17  I feel more control over my oral health care since using oral home telecare 
 18  I am more involved in my oral health care since using home telecare 
 19  I have become more active in my oral health care since using oral home telecare 
 20  My oral health is better than it was before I joined the home telecare 
 21  Oral home telecare violates my privacy a  

   Note : Each item is rated on a 5-point Likert-type scale, where 1 = strongly disagree, 2 = disagree, 
3 = neutral, 4 = agree, 5 = strongly agree
 a Items are worded negatively and need to be recoded 
 Oral Home Telecare Questionnaire (OHTQ) is adapted from the Telemedicine Satisfaction and 
Usefulness Questionnaire and the Telemedicine Perception Questionnaire [ 5 ,  6 ]. The internal con-
sistency reliability of the OHTQ estimated by Cronbach’s alpha was .87 [ 4 ]    
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impairment, and clients with an incomplete injury of the cervical spinal cord seg-
ments (i.e., quadriplegia) who have diffi culty manipulating a manual toothbrush or 
dental fl oss to perform oral hygiene but do not totally depend on others to complete 
the task. Other vulnerable populations that may benefi t from the oral home telecare 
services include patients with chronic medical conditions such as systemic sclerosis, 
in which manual dexterity impairments and orofacial dysfunction (e.g., microstomia/
small mouth and xerostomia/dry mouth) may complicate oral hygiene and lead to 
oral health problems [ 7 – 9 ]. Hand deformity and limited oral aperture may affect oral 
hygiene performance as well as willingness to perform oral hygiene [ 7 ,  10 ]. Patients 
may require an adaptive oral hygiene device due to small mouth opening, and need 
to perform mouth stretching exercises to increase the size of their oral aperture. 

 The goal of the oral home telecare program is to improve oral hygiene so as to 
prevent severe oral diseases such as caries and periodontal disease. The program can-
not reverse any existing oral disease condition. Therefore, patients who are likely to 
benefi t most from the program are those who have recently received comprehensive 
dental cleaning and treatment, or those who were recently injured or diagnosed, and 
need to learn a new set of skills to maintain their oral hygiene, including exercises 
that can improve their orofacial and manual dexterity function. Some of these patients 
are home-bound, have limited mobility, and/or use a wheelchair which may impose 
physical barriers to accessing dental care. Oral home telecare provides an avenue to 
decrease physical barriers and improve access to oral health care. 

 Due to the nature of their impairments and disabilities, these patients may require 
special adaptation of commercially available oral hygiene devices, labor-intensive 
training in the use of adaptive oral hygiene devices, training on correct performance 
of mouth stretching exercises, and repeated positive reinforcement to assist in estab-
lishing regular mouth stretching exercises and oral hygiene habits. For patients 
without upper extremity impairment, orofacial dysfunction, or cognitive impair-
ment, this kind of intensive training (i.e., oral home telecare services) is not required. 
Instead, other avenues for receiving oral health information and training via the 
Internet, as reported in the literature [ 11 ,  12 ], may be suffi cient.  

4.4     Health Care Professionals Who Are Qualifi ed to Provide 
Oral Home Telecare 

 Given the type of patients who may benefi t from oral home telecare services, an 
ideal health care provider team should consist of a dental hygienist and an occupa-
tional therapist. Occupational therapists are rehabilitation professionals who spe-
cialize in enabling people with disabilities to participate activities of daily living 
(ADL) such as self-care or personal hygiene in their desired roles, context, and life 
situations [ 13 ]. Within their scope of practice, occupational therapists incorporate 
several approaches to enhance patient safety and independence in performing vari-
ous self-care activities. These therapeutic approaches include remediation, educa-
tion, compensation, modifi cation, and adaptation. 

 Based on the patient’s physical and/or cognitive ability to manipulate oral 
hygiene devices, their preference for the device, recommendations from the den-
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tal hygienist, as well as input from the caregiver, if applicable, the occupational 
therapist may recommend to the patient appropriate oral hygiene devices such as 
powered toothbrushes, interdental cleaning devices with elongated and enlarged 
handles, as well as universal cuffs so that the device can be easily held with mini-
mal hand dexterity. The occupational therapist may suggest adaptive strategies to 
perform oral hygiene and/or appropriate setup to facilitate performance of oral 
hygiene routines. 

 One of the merits of having occupational therapists provide oral home telec-
are services is that their education and training to the patient can be integrated 
into a broader, interdisciplinary, comprehensive telerehabilitation delivery pro-
gram to enhance the patient’s general health and overall quality of life. Such 
services can be reimbursed. Based on the results of a payment practice survey 
for telerehabilitation conducted in 2002, at least four states’ Medicaid programs 
provided reimbursement for occupational therapy telerehabilitation services 
at that time [ 11 ]. With the continued expansion of Medicaid and private insur-
ance reimbursement for telemedicine services to more states [ 14 ], reimburse-
ment for telerehabilitation, including oral home telecare services, will be more 
prevalent.  

4.5     Oral Home Telecare Intervention 

 Between the two team members/providers, typically, the dental hygienist (in the 
presence of the occupational therapist) is responsible for educating patients and 
caregivers (if applicable/available) about dental health during the fi rst two ses-
sions. The occupational therapist is responsible for (1) recommending oral 
hygiene devices and adaptive devices such as universal cuffs, (2) training in the 
proper way to use the adaptive oral hygiene device, (3) motivating the patient and 
increasing their self- effi cacy to complete daily oral hygiene, and (4) teaching and 
monitoring the patient in the completion of daily mouth stretching exercises, if 
applicable [ 13 ]. 

 As a complement to the work of dental hygienists, occupational therapists have 
traditionally employed activity analysis, behavioral and cognitive-behavioral prin-
ciples to enhance patients’ compliance with oral hygiene and/or mouth stretching 
exercises. Strategies may include motivational interviews, demonstration, model-
ing, and return demonstration on the proper use of the adaptive device to perform 
oral hygiene [ 15 ]. During these training sessions, supervised practice of oral 
hygiene, and provision of immediate corrective feedback and positive reinforce-
ment in the use of adaptive oral hygiene devices correctly, safely, independently and 
effi ciently to complete oral hygiene is emphasized. Patient skill demonstration and 
feedback on oral hygiene performance are especially important for persons with 
disabilities during oral care education and training [ 16 ,  17 ]. Modifi cation of the 
environment, set up, and the adaptive devices will be continued throughout the fi rst 
few sessions to ensure optimum independence in using the oral hygiene devices to 
complete oral hygiene routines. Coaching a caregiver, attendant or co-habitant, if 
available, to improve the patient’s oral hygiene performance is essential. A home 
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visit by the occupational therapist may be required to set up the appropriate environ-
ment or add modifi cations to the oral hygiene device. 

 Through problem-solving with the therapist, patients may come up with strate-
gies to address diffi culties that they encountered in using oral hygiene devices. In 
Yuen’s study [ 4 ], four participants with quadriplegia came up with ideas and solu-
tions to help improve their oral hygiene performance, which included obtaining a 
new cuff to secure the oral hygiene device on the hand, exploring the option of a 
new waterpik system that hooks to the shower head so the participant could use it in 
the shower, creatively applying a piece of Dycem ®  (an anti-slip sheet) to secure the 
oral hygiene device, and designing a custom-made perpendicular dowel to turn an 
electric toothbrush on/off with the other hand. The therapist reinforces such strategy 
use, and provides ongoing support. Finally, through guidance from the therapist, the 
patient will come up a plan to sustain the oral hygiene habits. 

 Oral home telecare requires labor-intensive repeated training to patients on the 
handling skills involved in the use of assistive oral hygiene devices, repeated posi-
tive reinforcement to motivate their compliance with recommended oral hygiene 
practice or mouth stretching exercises, and monitoring and assistance in establish-
ing regular oral hygiene habits. Provision of continual motivation and training in the 
use of adaptive oral hygiene devices cannot be completed in one or two sessions 
during regular dental clinic visits. In addition, patients may not be able to learn and 
remember all the instructions in a few sessions. 

 Oral home telecare education and training is by no means a replacement for tra-
ditional dental visits with cleaning and education from dental health professionals. 
However, it is well documented that patient education at routine dental visits is not 
suffi cient to motivate an individual to maintain oral hygiene routines [ 17 ]. Preventive 
oral homecare via videoconferencing has been shown to build long-term habits for 
maintaining oral hygiene among people with quadriplegia, thereby maintaining the 
continuity of care with conventional dental care services [ 4 ]. 

 However, oral home telecare can serve as a substitute or supplement to face-to- 
face approaches for in-home therapy visits. Such mode of care can reduce costs 
(time and travel distance), and extend limited available professional personnel to 
serve widely distributed geographic areas including rural/remote or underserved 
urban areas. Oral home telecare offers strategies to decrease physical barriers and 
communication diffi culties and has been shown to improve the quality of dental 
health services for people with chronic medical conditions or disabilities [ 1 ,  4 ].  

4.6     Future Directions 

 Building on the evidence from previous feasibility and pilot studies [ 1 – 4 ], a logical 
extension to validate the effi cacy of oral care telecare training is to implement a 
multi-site, large-scale randomized clinical trial with a well-designed protocol. The 
core of the protocol should be applicable to a range of patients with cognitive and/
or physical (upper extremity, manual dexterity, or orofacial) dysfunction. In terms 
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of dissemination, the next step is to expand oral home telecare services by integrating 
them into the routine rehabilitation service delivery mechanism for people with 
chronic medical conditions or disabilities, with the ultimate goal of enhancing the 
quality of oral health care and reducing oral health access disparities among these 
at-risk populations. 

 With the birth of smart mobile devices, videoconferencing equipment such as 
videophone becomes obsolete. There are free videoconferencing software programs 
(e.g., Skype™ and  ooVoo ™) that can be downloaded from the Internet to the smart 
mobile device for use. It is expected that as the technology continues to improve, 
issues such as accessibility, technical challenges, privacy and security concerns that 
we face today will not be critical issues when delivering oral home telecare services 
in 5 or 10 years. However, reimbursement and licensure and/or medicolegal issues 
such as liability coverage, may be the real impediment to the wider implementation 
of oral home telecare services.  

4.7     Conclusion 

 The use of interactive videoconferencing as a strategy for oral hygiene training may 
lead to a change in oral hygiene service delivery methods, an improvement in access 
to quality oral health care, and a reduction in oral disease burden on underserved 
populations. The public health impact of implementing oral home telecare is to 
extend access of preventive dental care to people with chronic medical conditions or 
disabilities who historically receive inadequate dental hygiene training, as well as to 
provide appropriate oral hygiene services delivery to geographically dispersed 
populations.     
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    Chapter 5   
 Teledentistry-Assisted Affi liated Practice 
Dental Hygiene 

                Fred     F.     Summerfelt     

    Abstract     The 2010 Patient Protection and Affordable Care Act (PPACA) calls for 
midlevel dental healthcare providers to work in underserved areas with underserved 
populations. In 2004, Arizona passed legislation allowing qualifi ed dental hygienists 
to enter into an affi liated practice relationship with a dentist to provide oral health-
care services for underserved populations without general or direct supervision in 
public health settings. The Northern Arizona University (NAU) Dental Hygiene 
Department has developed a teledentistry-assisted affi liated practice dental hygiene 
model that places a dental hygienist in the role of the midlevel practitioner as part of 
a digitally-linked oral healthcare team. Utilizing current technologies, affi liated 
practice dental hygienists can digitally acquire and transmit diagnostic data to a 
distant dentist for triage, diagnosis, and patient referral in addition to providing 
preventive services permitted within the dental hygiene scope of practice.  

  Keywords     Patient Protection and Affordable Care Act   •   Training Materials   • 
  HIPPA   •   Training Methodologies   •   DICOM  

5.1         Teledentistry-Assisted Affi liated Practice Dental 
Hygiene: A Workforce Model 

    In 2004, the Arizona Legislature approved a statute allowing qualifi ed dental 
hygienists to enter into an affi liated practice relationship with a dentist to provide 
oral healthcare services for underserved populations without direct or general super-
vision in public health settings [ 5 ]. The United States Patient Protection and 
Affordable Care Act (PPACA), signed into law in March of 2010, greatly expands 
oral healthcare to eligible individuals [ 3 ]. To meet this increased need, midlevel 
dental healthcare providers will be needed to work with underserved populations in 
areas of professional isolation, which is an ideal opportunity for teledentistry- 
assisted affi liated practice dental hygienists. 
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5.1.1     Affi liated Practice Dental Hygiene 

 In 2004, the Arizona Legislature passed § 32–1289 that allowed qualifi ed dental 
hygienists to enter into an affi liated practice to provide dental hygiene services 
without direct or general supervision pursuant to a written agreement, written pro-
cedures, and standing orders established by an affi liated dentist [ 5 ,  1 ]. In 2009, 
Arizona SB 1400 amended § 32–1289’s limited patient demographic to include a 
person of any age who is either (a) enrolled in a federal, state, county, or local 
healthcare program; (b) participating in the national school meal program; (c) from 
a family with a household income of less than 200 % of the federal poverty guide-
lines; or (d) residing in a federally designated health professional shortage area. SB 
1400 added additional language to § 32–1289 requiring patients treated by an affi li-
ated practice dental hygienist to be examined by a licensed dentist within 12 months 
of initial treatment and that an affi liated practice dental hygienist must consult with 
the affi liated practice dentist before providing service to a patient with a complex 
medical history or medication regimen [ 4 ]. 

 Arizona’s affi liated practice dental hygienists are required to follow the standard 
of care for dental hygiene services. Specifi c qualifi cations for the affi liated practice 
dental hygienist include (a) a minimum of 5 years of dental hygiene experience; (b) 
active engagement in dental hygiene practice for at least 2,000 h in the 5 years 
immediately preceding the affi liated practice agreement; and (c) 12 additional hours 
of continuing education within the current triennial licensure renewal period, which 
must include 4 h of medical emergencies and a minimum of 8 h chosen from pedi-
atric, special healthcare needs, preventive dentistry, public health, or community 
based dentistry [ 5 ]. See Table  5.1  for the procedures Arizona affi liated practice 
dental hygienists are allowed to perform.

5.1.2        The Patient Protection and Affordable Care Act 

 The 2010 PPACA calls for mandatory pediatric dentistry for eligible children up to 
age 21 and expands Medicaid to all who are at or below 133 % of the Federal Poverty 
Level [ 3 ]. Prior to the 2010 PPACA, the Surgeon General’s 2001 report on oral health 
found vastly disproportionate availability of oral healthcare amongst certain 
American populations [ 6 ]. Since 2001, the increasing elderly population, the rising 
number of ethnic minority and immigrant populations, and the professional health-
care isolation present in many rural communities have added to the burden of provid-
ing oral healthcare for our diverse and already under-treated population. Additional 
considerations affecting future oral healthcare availability include the facts that, cur-
rently, two dentists will retire for each graduating dental student and enrolling den-
tists as Medicaid and PPACA providers will become more diffi cult due to burdensome 
administrative requirements [ 2 ]. The PPACA cites as examples of alternate dental 
workforce models Alaska’s Dental Health Aide Therapist, the American Dental 
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Association’s Community Dental Health Coordinator, and the American Dental 
Hygienists’ Association’s Advanced Dental Hygiene Practitioner [ 3 ].  

5.1.3     NAU’s Teledentistry-Assisted Affi liated Dental 
Hygienist Model  

 As an additional workforce alternative, NAU has pioneered an innovative 
teledentistry- assisted affi liated practice dental hygiene model to answer the call of 
the PPACA to provide comprehensive preventive oral healthcare and diagnostic 
services for the growing population of underserved in both urban and remote areas. 
Using current teledentistry technologies, dental hygienists can digitally acquire and 
transmit diagnostic data to a distant dentist for triage, diagnosis, and patient referral 
while providing all of the preventive services within their scope of licensure as part 
of a digitally-linked member of a oral healthcare team. NAU’s digital diagnostic 
data acquisition equipment is state of the art and emerging technologies will only 
further the ability of distant dentists receiving the diagnostic data to properly diag-
nose, triage, and refer patients for appropriate treatment. 

 NAU’s initial training endeavors prove that teaching the data acquisition tech-
nologies to dental hygiene students and dental hygienists has been easily and 
successfully accomplished. With only 6-h of training, dental hygiene students and 
dental hygienists have shown their ability to set up and manage remote patient- 
service facilities. While providing preventive oral healthcare services within the 

   Table 5.1    Procedures allowed for Arizona affi liated practice dental hygienists   

 Patient assessment  Preventive services  Patient education 

 1. Assess blood pressure  1. Perform all procedures necessary 
for a complete prophylaxis 

 1. Discuss patient’s 
homecare procedures 

 2. Screen and 
photograph the oral 
cavity and surrounding 
structures 

 2. Apply dental sealants to teeth 
according to ADA and Centers for 
Disease Control and Prevention 
guidelines 

 2. Provide appropriate 
homecare instruction 

 3. Perform dental 
restorative charting and 
recording of clinical 
fi ndings 

 3. Administer topical fl uoride gels 
and varnishes as indicated according 
to ADA and Centers for Disease 
Control and Prevention guidelines 

 3. Provide tobacco cessation 
intervention and referral 
when appropriate 

 4. Expose and process 
dental radiographs 
according to ADA 
guidelines 
 5. Perform a caries risk 
assessment 
 6. Review medical and 
dental history 
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scope of affi liated practice, the dental hygiene students and dental hygienists have 
also acquired and forwarded digital diagnostically effi cacious data from remote 
locations both using store-and-forward and cloud technologies 

 NAU’s teledentistry-assisted affi liated practice dental hygiene has proven to 
serve the patient, the teledentistry-assisted affi liated practice dental hygienist, and 
the affi liated practice dentist. Patients benefi t by the fact that they can receive pre-
ventive services locally, have their overall oral health evaluated by several members 
of a digitally-linked oral healthcare team, and schedule appropriate treatment with 
a minimum of travel and the associated costs of travel dollars and time off from 
work or out of school. Teledentistry-assisted affi liated practice dental hygienists 
benefi t by being allowed to perform preventive services they are licensed to provide 
in a midlevel-practitioner model that promotes additional employment choices and 
professional opportunities. Affi liated practice dentists benefi t by adding patients to 
their practice and fi lling their appointment schedules with patients receiving profes-
sional services only they can provide. The teledentistry-assisted affi liated practice 
dental hygiene model is easy to implement with existing technologies, provides a 
growing population of underserved with much-needed oral health services, and ben-
efi ts all the members of the digitally-linked oral healthcare team.   

5.2     Teledentistry Equipment and Training 

 In 2009, to develop the teledentistry-assisted affi liated practice dental hygiene 
workforce model and add teledentistry skills to its curriculum, NAU acquired two 
each of the following equipment:

    1.    Offi ce management software   
   2.    Digital imaging management software   
   3.    Intraoral Digital Cameras   
   4.    Digital x-ray fi lm scanners   
   5.    Portable hand-held X-ray units   
   6.    Laptop computers   
   7.    Projectors     

 All of the equipment chosen integrates seamlessly and has proven to be success-
ful in both local and remote store-and-forward and cloud-based applications of 
teledentistry-assisted affi liated practice dental hygiene.  

5.3     Teledentistry Training Materials 

 The NAU teledentistry curriculum has evolved over a 5-year period and has 
proven to be a successful hands-on educational program for interested parties, 
individuals intending to use teledentistry, and as a train-the-trainer apparatus for 
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potential teledentistry educators. NAU has developed two specifi c tracks for 
teledentistry training including all required materials, visual presentations, par-
ticipant handouts, and a teacher’s manual to guide the visual presentations and 
classroom discussions. The fi rst track is specifi c to informational presentations 
for interested community organizations, professional providers, and funders. 
The four informational courses include:

    1.    Teledentistry-assisted Enhanced Dental Teams   
   2.    The Affi liated Practice Dental Hygienist   
   3.    Teledentistry   
   4.    HIPPA and Teledentistry     

 The second track, which requires 6–8 h of classroom time, is specifi c to dental 
professionals interested in learning about teledentistry, acquiring the hands-on skills 
and experience necessary to utilize teledentistry as part of a teledentistry-assisted 
enhanced dental team, and acquiring the knowledge necessary to become a teleden-
tistry trainer. The seven courses, appropriate for both skill training and continuing 
education courses, include:

    1.    The Affi liated Practice Dental Hygienist   
   2.    Teledentistry   
   3.    HIPPA and Teledentistry   
   4.    Training with Portable Hand-held X-ray Units   
   5.    Teledentistry Equipment Set Up   
   6.    Hands-On Training   
   7.    The Future of Teledentistry      

5.4     NAU’s Training Methodologies 

 The professional-track teledentistry training methods and materials developed by 
NAU assume the students to be trained are either dental hygiene students or dental 
professionals trained in asepsis, radiography, and patient management. Training 
begins with familiarization of the various components of teledentistry equipment 
including the laptop computer, the software management system, the intraoral cam-
era, a hand-held x-ray unit, a digital x-ray scanning device, phosphor plate x-ray 
fi lms, a projector to project images for ease of operator use and as an educational 
tool for both patients and patient caregivers, and the various supplies needed to 
manage a remote nontraditional dental facility. Training should take place in an area 
large enough to have tables for the teledentistry equipment, a wall or screen to proj-
ect images from the laptop computer, and a chair for an x-ray mannequin. The x-ray 
mannequin can be used by students to practice taking x-rays with the hand- held 
x-ray unit and become competent with the intraoral camera. Students can also 
acquire intraoral photographs from other students. An additional laptop or desktop 
computer and projector are required for student viewing of the various training 
modules. The seven professional track training modules are presented in order. 
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When training with the portable hand-held x-ray units, the manufacturer’s training 
materials, narrated visual presentation, and competency test are used to assure all 
aspects of safety, unit management, and unit maintenance are thoroughly covered. 

 After students have learned to safely manage the portable hand-held x-ray unit, 
they are taught how to use the digital x-ray scanning device and manage the phos-
phor plate x-ray fi lms. The digital x-ray scanning device scans phosphor plate x-ray 
fi lms one or two at once. As the phosphor plate x-ray fi lms pass through the digital 
x-ray scanning device, they are fi rst scanned to the computer software program then 
exposed to a bright light, which erases the x-ray image from the phosphor plate. The 
operator must assure the digital x-ray scanning device erasure function is turned on 
to assure fi lms are not double exposed. 

 Phosphor plate digital x-ray fi lms come in all typical dental x-ray sizes and the 
digital x-ray scanning device has interchangeable ports specifi c to the size of the 
phosphor plate x-ray fi lm chosen by the operator. Using the correct size port for 
the specifi c phosphor plate x-ray fi lm size assures the plate passes through the scan-
ner straight for optimal processing and viewing. The phosphor plate x-ray fi lms are 
individually placed into sealable barrier packets with the font side of the plate facing 
the clear plastic side of the barrier. The solid black plastic side of the phosphor plate 
x-ray fi lm barrier is positioned towards the source of the x-ray emission. The phos-
phor plate x-ray fi lms have the letter “a” in the lower right corner of the fi lm and this 
letter “a” is considered to be the raised dot on traditional x-ray fi lms. When acquir-
ing occlusal x-rays, NAU students are taught to use styrofoam bite blocks for occlu-
sal x-rays to assure the patient does not bite down hard and damage the phosphor 
plate x-ray fi lm. NAU students are taught the letter “a” is always placed into the slot 
of the styrofoam bite block used for periapical x-rays so the letter “a” does not 
occlude any of the patient’s periapical area. Bite wing tabs are affi xed to the black 
plastic side of the fi lm barrier and placed in the patient’s mouth as with traditional 
fi lm bitewing x-rays. NAU students are taught to always place the letter “a” in the 
mandibular area of the bitewing x-ray to expedite the digital mounting process. 

 After exposing the x-ray, the phosphor plate x-ray fi lms are ready to be pro-
cessed. If only one operator is obtaining the x-ray series, the correct number of the 
correct size fi lms should be barriered, exposed, and kept in a plastic cup within their 
barriers to prevent image degradation prior to the scanning process. When using this 
single operator method, the operator is able to keep his or her gloves on for the 
entire procedure and then open the fi lm barriers in an aseptic manner upon comple-
tion of the x-ray image acquisition. The gloved single operator should open all of 
the exposed x-ray fi lm barriers at once letting each fi lm fall aseptically either blue 
side down on a counter top or directly into a black box to prevent the ambient light 
from degrading the x-ray image. Once all of the barriers are opened and the fi lms 
aseptically removed, the single operator can remove her or his gloves and process 
all of the fi lms in an expedient manner. If there are two operators, the gloved opera-
tor placing and exposing the phosphor plate x-ray fi lms can open the barriers and 
allow the ungloved operator operating the digital x-ray scanning device to asepti-
cally take the phosphor plate x-ray fi lm from the opened barrier and immediately 
scan the fi lm into the computer. Once the fi lms have passed through the digital x-ray 
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scanning device and been erased, they are ready to be barriered again for reuse. 
NAU students have conducted tests of phosphor plate x-ray fi lm image degradation 
in ambient light and determined that a few minutes of exposure to ambient light 
once the phosphor plate x-ray fi lm is removed from the fi lm barrier does not degrade 
the digital image. Students learning to use the digital x-ray scanning device should 
be aware that they have a period of time that they can safely manage the exposed 
phosphor plate x-ray fi lms in ambient light but should minimize the time as much as 
circumstances allow. 

 Management of the teledentistry-specifi c computer software during the time stu-
dents are learning to acquire and scan digital x-rays should be managed by the 
trainer. Once the students have mastered the techniques of acquiring and scanning 
the x-rays, they should be taught how to manage the teledentistry-specifi c computer 
software. Assuming the students have basic knowledge of computer technology, the 
instructor should focus on utilizing the offi ce image management software. Once in 
offi ce management software program, the students are guided through the various 
functions of the software program including entering a new patient, locating a spe-
cifi c patient, acquiring patient-specifi c digital data from the digital x-ray scanning 
device, saving images, mounting images, and exporting images. Students should be 
familiarized with DICOM® and the need to export data electronically via the 
DICOM® module – store and forward data need not be exported via DICOM®. 
Students should be allowed to manipulate the software, import x-rays to a specifi c 
patient’s record, and spend time managing individual x-ray images utilizing the 
various x-ray fi lm manipulation functions within the offi ce management software. 

 When students are competent with importing and managing x-ray imagery, they 
should move on to image acquisition utilizing the digital intraoral camera. NAU 
recommends utilizing a portable projector to project the intraoral image onto a wall 
or screen for ease of viewing and for patient and caregiver purposes. It is also advis-
able to select the full-screen mode in the image management software options. 
Students are fi rst taught how to correctly barrier the intraoral camera to avoid a 
blurred image. The barriered intraoral camera prevents the need of a mouth mirror, 
a light, and sterilization equipment during teledentistry screenings. Students then 
gain experience positioning the intraoral camera with the x-ray mannequin. Buttons 
on the intraoral camera allow the operator to freeze the image for patient viewing 
and to acquire a photograph, which is immediately stored in the patient’s chart. 
NAU students are taught to hold the intraoral camera against teeth of the opposite 
arch for maximum viewing area and steadiness while obtaining the photograph. 
Students are then shown how to aseptically remove the intraoral camera barrier. 
Once a new barrier is placed on the intraoral camera, students then obtain intraoral 
imagery from each other. 

 When students are competent in obtaining both digital x-rays and intraoral 
photographs, they are taught to mount and export the images. Offi ce management 
software allows images to be entered into typical dental x-ray mounts via click-and-
drag methodology. Mounts for bitewings, periapical, 18-shot fmx, and 20-shot fmx 
series are typically included. Custom mounts, which can contain intra- and extraoral 
photographs, are easily created. After mounting the fi lms, students then learn to 
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export the images. Typically, students are trained to export to store-and-forward 
devices such as thumb drives or CDs. Students are also shown how to export via 
DICOM® technology, which requires that the DICOM® module within the offi ce 
management software to be turned on. 

 Once all the equipment-specifi c training is complete, the students are trained in 
assembling and disassembling the equipment. NAU has created a visual classroom 
presentation that shows, with a narrative, the step-by-step assembly methodology. 
Disassembling the equipment is not shown in the visual presentation but is inher-
ently intuitive. Emphasis is always placed on the importance of secure packing of 
the equipment to prevent damage during transport. Students should be allowed to 
assemble, utilize the equipment to assure proper setup, and disassemble the equip-
ment twice to assure competency. Additionally, students should use the printed 
handout from the visual presentation a guide to assembly in remote areas.  

5.5     Teledentistry-Assisted Affi liated Practice Applications 

 The Northern Arizona Council of Governments (NACOG) Head Start program pro-
vides annual services to more than 1,500 preschool age children at 26 local centers 
in four counties covering 27,000 square miles of rural northern Arizona. Eighteen 
of the service centers are located more than a 3-h one-way drive from Flagstaff, 
where NAU is located. In 2009, NACOG Head Start contracted with a Flagstaff 
pedodontist to provide services for the Head Start children residing in the northern 
Arizona area. The NACOG-contracted pedodontist was aware of NAU’s 
teledentistry- assisted affi liated practice model and saw the potential for teledentistry- 
assisted affi liated practice dental hygiene services to serve the Head Start popula-
tion. Discussions between NAU, the NACOG Head Start manager, and the 
NACOG-contracted pedodontist led to an affi liated practice dental hygiene agree-
ment, a pilot Head Start community outreach program, and a teledentistry-assisted 
affi liated practice demonstration model. 

 For the initial NACOG project, the teledentistry equipment was taken to United 
Way of Northern Arizona KinderCamps conducted at Flagstaff elementary schools. 
KinderCamp children include Head Start and preschool children from the Flagstaff 
Unifi ed School District. Medical history and permission-to-treat forms had been 
signed by the KinderCamp children’s primary caregivers prior to the events. On 
standing orders from the pedodontist, data including medical records, the chief 
complaint, head-and-neck examinations, existing conditions, intraoral photographs, 
and radiographs including occlusal views and bitewings were acquired. Fluoride 
varnish was applied to each child’s teeth. 

 The public health screening atmosphere of the KinderCamp Head Start project 
proved the intraoral camera to be a very valuable asset. Placing a new barrier sheath 
over the camera before use with each child negated the need to use a mouth mirror 
and light for the assessment examination and provided a much better image of the 
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intraoral area than could have been attained by a visual exam. A projector was used 
to enlarge the intraoral images onto a wall, which made it easy for the affi liated 
practice dental hygienist to see the intraoral images and the children enjoyed partici-
pating with their examinations because they could also see their teeth. The children 
liked the hand-held x-ray device and the use of the styrofoam bite blocks prevented 
accidental biting damage to the phosphor x-ray fi lm plates used for occlusal views. 

 Following the 2 days of KinderCamp Head Start Screenings, the diagnostic data 
were forwarded to the NACOG-contracted pedodontist via a thumb drive. The 
pedodontist reviewed the diagnostic data and developed appropriate treatment plans 
for all of the children. The primary caregivers of the children were contacted directly 
by the pedodontist’s staff to schedule appropriate treatment. The pedodontist found 
the pilot project to be successful and now uses teledentistry-assisted affi liated prac-
tice dental hygiene services in his practice. 

 Between October 2009 and the end of June 2010, the NAU participated with the 
Coconino County Maternal and Child Health Program to provide oral screening and 
appropriate teledentistry-assisted affi liated practice dental hygiene services for chil-
dren participating in First Things First healthcare events at 13 different Coconino 
County locations. These activities took place within Flagstaff and at several remote 
Arizona sites including Williams, Page, Fredonia, Kaibab, Grand Canyon, and 
Supai. All of the remote areas were accessible by vehicle except Supai, which 
required the teledentistry team and equipment to be fl own in by helicopter. 

 At each event, the team utilized the teledentistry equipment as the circumstances 
of the event allowed. Because of the lack of sterilization equipment and the need to 
move patients quickly through the process, the intraoral cameras with disposable 
sheath barriers proved very valuable in expediting the services. Projecting the intra-
oral images on the wall again proved to be advantageous because the dental hygien-
ist could easily see large images of the intraoral environment and knew when to 
photograph areas of concern to be viewed later by the dentist. 

 One of the remote events, the Kaibab Health Fair, highlighted specifi c advan-
tages offered by the teledentistry-assisted affi liated practice dental hygiene model 
for remote populations. Kaibab is 231 miles northwest of Flagstaff. The Paiute 
Indians living in the Kaibab area typically obtain dental services at the Hopi Health 
Care Center located in Polacca, which is 225 miles east of Kaibab. The NAU 
teledentistry- assisted affi liated practice team saw 23 children, including fi ve chil-
dren who appeared to need immediate care. The digital diagnostic data from the fi ve 
children were forwarded to the Flagstaff-based affi liated dentist, who diagnosed the 
need for immediate care. The diagnostic data were then forwarded to the pedodon-
tist at the Hopi Health Care Center. After reviewing the data, she instructed the NAU 
teledentistry coordinator to have the fi ve children schedule immediate restorative 
services with her, thus eliminating the need for the children to fi rst travel to Polacca, 
a 450-mile round trip, for an initial examination and treatment plan. The time and 
cost savings represented by the ability of the dentist to diagnose, triage, and treat-
ment plan from digitally acquired data for these fi ve patients exemplifi es one of the 
teledentistry-provided advantages for remote populations.  

5 Teledentistry-Assisted Affi liated Practice Dental Hygiene



52

5.6     Current and Future Applications of Teledentistry- 
Assisted Affi liated Practice 

 The success of the NAU teledentistry-assisted affi liated practice model has been 
well accepted by a growing number of Arizona community health organizations 
and oral healthcare providers. NAU is currently managing several teledentistry-
assisted affi liated practice dental hygiene projects and establishing new relation-
ships with dentists who can provide services for patients from Arizona’s remotely 
located patient base. In addition to ongoing community demonstration projects, 
NAU is providing consultation, informative presentations, and hands-on training 
for community health organization personnel, dentists, and dental hygienists 
interested in establishing teledentistry-assisted affi liated practices in both 
Arizona and other states.     
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    Chapter 6   
 Teledentisry and Dental Hygiene 

             Tracye     A.     Moore     

    Abstract     The use of Teledentistry is the future of the way traditional dental 
 practices will practice. Its use is controversial due to the cost of equipment, time for 
training of personnel, and lack of reimbursement for services billed. However, the 
many advantages range from reduced fees for patients to the increase use of dental 
hygienists, midlevel providers, and/or advanced dental therapists in non-traditional 
settings. Moreover, the use of Teledentistry affords underserved populations in rural 
and urban areas equity with regard to access to dental and medical services. For the 
facilitation of Teledentistry to be successful, the conversion of paper patient charts 
must be converted to a digital format (EHR or electronic health record) for radio-
graphs, medical/dental histories, and prescriptions. The new millennium ushers the 
use of more computer systems, email, text messages, smartphones, and digital 
media for both the medical and dental professions in the inter-disciplinary approach 
to treatment of patients nationwide.  

  Keywords     Electronic Health Records   •   SNODENT   •   Alaska Dental Health Aide 
Therapist   •   RDHAP  

6.1         Introduction 

 Telehealth refers to the use of technology to provide health care at a distance [ 1 ]. 
Teledentistry and telemedicine are terms used to describe the use of dental and 
medical technology to facilitate interaction among patients and health care provid-
ers in geographically separated locations. These two terms have been combined and 
referred to collectively as “telehealth” [ 1 ]. The federal government has recognized 
that delivery of health care using telehealth technologies is a cost effective alterna-
tive to the more traditional face-to-face way of providing medical care [ 1 ]. Telehealth 
seeks to improve a patient’s health by permitting two-way, real time interactive 
communication between the patient and the physician or practitioner at a distant site 
[ 1 ]. In order for telehealth to be successful, hospitals, dental offi ces, and medical 
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offi ces should convert traditional paper patient records to multifunctional electronic 
health records (EHRs). The electronic health record should include both medical 
and dental information about a patient.  

6.2     Electronic Health Records (EHRs) 

 To be considered multifunctional, EHRs need to have at least two of the following: 
a list of all patients’ medications, a list of patients due for preventive care, elec-
tronic prescribing capabilities, and medical alerts about potential drug interactions 
[ 2 ]. The pace of EHR adoption in the United States has been accelerating since the 
passage of the Health Information Technology (HITECH) Act in 2009 which has 
made money available until 2021 to encourage hospitals, doctors, and other care-
givers to adopt EHRs [ 2 ]. In 2009, President Obama signed into law the American 
Recovery and Reinvestment Act, which has aided in the expansion of broadband 
and wireless service and mandated that by 2015, all medical records, including 
dental, must be converted to an EHR [ 3 ]. Barriers to adoption of electronic health 
records include: fi nancial (start-up costs of hardware and software and the uncer-
tainty of payment for services); technical (lack of computer skills or lack of tech-
nological training); time (to convert paper records to electronic and to learn the 
system); psychological (people resist change); social (fear of lack of communica-
tion with patients); privacy (security and HIPAA concerns); and organizational 
(practitioners in larger practices may be more receptive to EHR adoption than those 
in smaller practices) [ 1 ,  2 ]. Dentists and dental hygienists should be prepared for 
the nationwide adoption of EHRs.  

6.3     EHRs and SNODENT 

 For the dental profession, there is no fi xed deadline to switch to EHRs; however, for 
those dentists who bill Medicare for patient services, starting in 2015, Medicare 
reimbursement rates will be affected if the meaningful use (using the EHR to elec-
tronically send prescriptions to pharmacies) of EHRs has not been demonstrated [ 4 ]. 
For traditional billing, there will be no impact on reimbursement; however, for the 
dentists who bill Medicare, there will be reductions in Medicare payments to provid-
ers who do not adopt EHRs by the end of 2014 [ 4 ]. In preparation for the fast 
approaching deadline, in 2007 the American Dental Association (ADA) created a 
task force which worked towards creating an individual online database system 
called Systemized Nomenclature of Dentistry (SNODENT ® ) [ 3 ,  5 ]. SNODENT ®  is 
an internationally recognized system of vocabulary and codes designed to use in the 
electronic environment for electronic health and dental records globally. Its purpose 
is to: provide standardized terms for describing dental disease; capture clinical den-
tal and patient characteristics; permit analysis of patient care services and outcomes; 
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and to be interoperable with EHRs [ 5 ]. The benefi ts of using SNODENT ®  include: 
improved communication among dentists and other health care providers; improved 
patient care through evidenced-based practices; enhanced data collection to evaluate 
oral care outcomes; enhancement of public health investigation and reporting; and 
greater capability to measure adherence to standards of care [ 5 ]. The use of 
SNODENT ®  by dental professionals as the standard for electronic dental records 
will prepare them for patients who cross state lines seeking dental treatment.  

6.4     The Implementation of National EHRs 

 When patients need medical and/or dental treatment in another state other than the 
one in which they are domiciled, how is medical information transferred when 
paper records are destroyed? Are the dental and medical professions prepared for a 
natural disaster that could affect the medical and dental records of millions of 
Americans? In 2005 after Hurricane Katrina, one of the most deadliest hurricanes 
ever to hit the United States, several states partnered in an effort to help make sure 
their residents’ health information is available after a hurricane or wide-spread 
disaster. Working with the Department of Health and Human Services Offi ce of the 
National Coordinator for Health IT (ONC), health information exchange (HIE) pro-
grams in Alabama, Georgia, Louisiana, Florida, South Carolina, North Carolina, 
Virginia, Michigan, Wisconsin, and West Virginia partnered in 2013 which will 
allow for HIE among providers caring for patients who are displaced from their 
homes [ 6 ]. After disasters like Hurricanes Katrina, Sandy, and Oklahoma, patients 
benefi t more when states and HIE organizations work together to ensure that health 
information can be readily accessed when patients need it the most. The Southeast 
Regional Health IT and Health Information Exchange Collaboration (SEARCH) 
established in 2010, which members include Alabama, Arkansas, Louisiana, 
Georgia, Mississippi, North Carolina, South Carolina, Kentucky, Tennessee, and 
Virginia have collaborated, using a variety of methods, to help resolve cross-border 
barriers toward facilitating the multi-state exchange of health information [ 6 ]. This 
health information includes both electronic medical and dental records of patients 
displaced by natural disasters.  

6.5     Types of Dental EHRs 

 There are several different type of EHR software programs dental schools, offi ces, 
and organizations can use such as Dentrix ® , PracticeWorks ® , EagleSoft ® , and 
MOGO™ to allow for more effi cient communication and reduction of a paper trail 
among providers, specialists, and telehealth sites in rural areas [ 3 ]. All of these 
 different software applications allow for: electronic dental claims management; 
sending electronic prescriptions; incorporation of patients’ medical history, dental 
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radiographs, periodontal charting, and dental charting (see Fig.  6.1 ); the ability for 
patients to complete their registration and medical histories online; taking patients 
pictures with a webcam; record fi ndings verbally; importing and exporting images 
into the patients’ fi les; using digital signatures or fi ngerprint technology to identify 
users; backing-up patient records virtually, and more recently, using a smart phone, 
mobile device, or tablet to access current patient information [ 7 – 10 ]. There are vari-
ous companies that provide the aforementioned software programs and choosing 
the software which is right for your type of practice should be determined by: user- 
friendly ability for practitioners (and patients based on literacy levels); cost for soft-
ware installation, staff education, and tech support; customization capabilities for 
dental documents; and EHR security and confi dentiality. Although the use of dental 
EHRs has just begun to gain prominence, its use dates back to the early 1900s.

6.6        The History of Teledentistry 

 Telemedicine began in 1924, with the concept of a physician seeing his patient over 
the radio using a television screen [ 11 ]. The initial concept of teledentistry devel-
oped as part of the blueprint for dental informatics, which was drafted at a 1989 
conference funded by the Westinghouse Electronics Systems Group in Baltimore 

  Fig. 6.1    Patient electronic dental record. Dentrix screenshot courtesy of Henry Schein Practice 
Solutions, American Fork, Utah (Reprinted with permission)       
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[ 12 ]. The birthplace of teledentistry as a subspecialist fi eld of telemedicine can be 
linked to a 1994 military project of the United States Army Total Dental Access 
Project aiming to improve patient care, dental education, and effectuation of the 
communication between dentists and dental laboratories [ 3 ,  11 – 13 ]. Teledentistry 
was put into practice by the U.S. Army by doing consultations on persons located 
more than 100 miles apart [ 11 ]. Since that time, various public health facilities, 
remote rural clinics, and organizations have practiced teledentistry with various 
degrees of success. The variation in the levels of acceptance and use of dental EHRs 
throughout the profession has been determined by the mode of communication pre-
ferred, type of software and hardware used, and the type of internet connection.  

6.7     Methods of Communication 

 Teleconsultation through telehealth can take place either in “real-time” or 
 “store-and- forward” methods [ 3 ,  11 – 13 ]. Real-time consultation involves a video-
conference (see Fig.  6.2a ) in which dental professionals and their patients, at differ-
ent locations, may see hear, and communicate with one another actually using 
advanced telecommunication technology and ultra-high bandwidth network com-
munications [ 11 – 13 ]. Store-and-forward (see Fig.  6.2b ) refers to the collection and 
secure transmission of encoded information including patient documents and 
images (intraoral photos, radiographs, and extraoral photos) which are stored for 
review by a dentist or specialist at a later time for consultation and treatment plan-
ning [ 3 ,  11 – 13 ]. A third method has also been described, known as “remote moni-
toring method” in which patients are monitored at a distance and can either be 
hospitalized or home- based [ 12 ]. Since the patient is not present during the store-
and-forward consultation, dentists can share patient information, radiographs, pho-
tos, and other information transportable through multiple providers [ 12 ]. This data 
sharing can be of extreme importance for patients in need of a specialist who may 
not be located nearby, patients who have been displaced by natural disasters who 
need treatment, and patients who may need to be monitored at a distance.

6.8        Technological Requirements 

 To practice dentistry within the realm of telehealth, a desktop or laptop computer 
with a microphone and substantial hard drive memory are needed. In addition, a 
signifi cant amount of RAM with a speedy processor; a digital camera, video cam-
era and intraoral camera for the capture of pictures [ 11 ,  12 ]; and a portable x-ray 
unit (NOMAD ® ) (see Fig.  6.3 ) are essential. A comprehensive software capable of 
image acquisition and storage, and transmission of the gathered information and 
software capable of coding and decoding audio and video is desirable [ 11 ]. A fax 
machine, scanner, and a printer may also be required in some cases [ 12 ]. There is 
great variation in levels of speeds to connectivity to the internet and broadband tech-
nology, increasingly widespread and available, offers a selection of cutting-edge 

6 Teledentisry and Dental Hygiene



58

alternatives well suited to meet the needs of the telehealth professional and his or 
her staff [ 11 ]. There are many advantages as well as disadvantages to using tele-
health technology.

6.9        Advantages of Using Teledentistry 

 Teledentistry provides a unique way to help overcome the barriers or geography 
and travel time to deliver long-distance clinical training, continuing education, 
and hands-on training for the dentist/dental hygienist at remote clinics [ 11 ,  15 ]. 

a

b

  Fig. 6.2    ( a ) Type of teleconsultation. ( b ) Types of telecommunication       
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Its application is of utmost importance and great value in rural and urban under-
served areas where there is unavailability of specialist consultation which reduces 
the costs of service and improves quality of care [ 12 – 14 ]. The results of tele-
health usage increase inter-professional communications which will improve 
dentistry’s integration into the larger health care delivery system [ 13 ]. Second 
opinions, pre- authorizations and other insurance requirements will be met almost 
instantaneously online, with the use of real images of dental problems, thereby 
making traditional dental care more effi cient [ 14 ,  15 ]. In addition, it will facilitate 
the greater use of nondentist providers (such as dental hygienists or mid-level 
providers) and improve early diagnosis and treatment of oral disease [ 15 ]. For 
dental and dental hygiene schools, interactive video-conferencing allows for the 
evaluation of patient information (with or without the patient’s presence), which 
allows for the interaction and feedback between the educator and the students 
[ 14 ]. Telehealth can serve as a tool to compliment and expand the capacity of 
school child care centers to meet the children’s dental care needs by using tech-
nology to connect to the health providers at another location [ 14 ]. For dental 
facilities, there is long term cost effectiveness due to savings generated from not 
purchasing equipment and materials to develop traditional dental radiographs. 
Although Telehealth is being used nationally and internationally by educational 
institutions and public health facilities, still many legal, fi nancial, and ethical 
concerns exist (Table  6.1 ).

  Fig. 6.3    NOMAD ®  handheld 
portable radiograph unit 
(Photo of actual equipment)       
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6.10        Disadvantages of Using Teledentistry 

 Telehealth allows the dental hygienist to initiate treatment based upon their 
assessment of a patient’s need without a dentist on site; however, supervision 
levels vary from state to state and this affects the services a dental hygienist may 
perform in rural and remote settings using teledentisty equipment [ 3 ]. 
Accountability,  licensure, jurisdiction, liability, privacy, consents, and malprac-
tice are crucial aspects to consider when attempting to establish the foundations 
of a telehealth practice [ 11 ,  13 ]. The most signifi cant barrier to a nationwide 
teledentistry practice is the traditional system of state-by-state licensing. There is 
no law to clarify the role of the teledoctor and their liability [ 11 ]. The cost of the 
telecommunication equipment has also been a matter of concern and presently, 
the cost for virtual teledental consultations has not been reimbursed by insurance 
companies [ 3 ,  12 ]. Ethically, patients must be made aware that their medical and 
dental information will be transmitted electronically and the possibility exists 
that the information will be intercepted, despite maximum efforts to maintain 
security and confi dentiality [ 11 ,  13 ]. In addition, some doctors may use the inter-
net to set up and seek direct patient contact, thus becoming cyberdentists [ 11 , 
 13 ] using telehealth technology. Other challenges include: the time and cost it 
takes for practitioners and staff to get acclimated to using the telehealth system. 
In underserved communities (below the poverty line) located in rural or urban 
areas, the lack of infrastructure and patient literacy remain major obstacles 
(Table  6.2 ).

   Table 6.1    Teledentistry advantages   

 Financial  Social  Technical 

 Increased use of dental 
hygienists, advanced dental 
therapists, and mid-level 
providers 

 Delivery of dental services 
to remote areas 

 Second opinions, pre- 
authorizations, and insurance 
requirements met via 
electronic dental claims 
management 

 Increased interaction of 
educators and students at 
dental and dental hygiene 
schools via 
video-conferencing 

 Treatment of underserved 
rural or urban populations 

 Early diagnosis of dental 
problems via email, the use of 
smartphones, tablets, or mobile 
device to access patient records 

 Increased capacity of school 
child care centers meeting the 
dental needs of children 
thereby reducing emergency 
room visits 

 Increased inter-professional 
communications 

 Virtual back-up of electronic 
medical and dental health 
records can be used across 
state lines to facilitate more 
effi cient patient treatment 

 Increased revenue due to 
non-purchase of materials for 
traditional radiograph 
development 

 May provide equality in the 
provision of dental and 
medical healthcare services 

 Convenient patient access to 
complete medical and dental 
histories online 
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6.11        Teledentistry Use by Dental/Dental Hygiene 

 There are several states that have been at the forefront of the use of telehealth technol-
ogy: Alaska, Minnesota, and California. According to Dr. Mary Williard, Director of 
the Alaska Dental Health Aide Therapist (DHAT) Training Program, “Since the 
1990s, Alaska has been an international leader in telehealth technology. The DHATs 
and most all healthcare providers in Alaska's Tribal Health System use telehealth 
technology provided by the Alaska Federal Health Care Access Network (AFHCAN). 
AFHCAN is a for profi t company run by the Alaska Native Tribal Health Consortium. 
All of our village clinics have their telehealth carts. We also use telephones and email. 
Many providers access children in the villages by going to the schools. These services 
would be enhanced by the use of laptop computers through which electronic health 
records can be accessed” (M.E. Williard, DDS, email  communication, August, 2013). 

 Apple Tree Dental in Minnesota is a nonprofi t dental practice that operates fi ve 
regional dental access programs in urban and rural areas of Minnesota [ 1 ]. Tele 
health technologies link special care dental clinics with on-site dental clinics at 
schools, Head Start Centers, group homes, assisted- living centers, nursing  facilities, 
and other community sites for people facing physical, fi nancial, and geographical 
barriers [ 1 ]. The Apple Tree model links dental hygienists working under “collab-
orative agreements” with dentists [ 1 ]. Approximately 70 % of children in Head Start 
Centers being served need only preventive services provided by the dental hygienist 
[ 1 ]. For the 30 % who need treatment by a dentist, this is provided by a dentist who 
comes on site with portable equipment [ 1 ]. 

 The Pacifi c Center for Special Care at the University of the Pacifi c, Arthur 
A. Dugoni School of Dentistry located in San Francisco, California created a “Virtual 
Dental Home” complete with a collapsible dental chair, laptop computer, digital cam-
era, supplies to do temporary fi llings, an internet-based dental record system, and a 
handheld x-ray machine where registered dental hygienists in alternative practice 
(RDHAP), registered dental hygienists working in public health programs (RDH), 
and registered dental assistants (RDA) provide care to underserved populations in 
schools, nursing homes, community centers, and Head Start centers [ 16 – 19 ]. These 

   Table 6.2    Teledentistry disadvantages   

 Financial  Social  Technical 

 Liability and malpractice 
for dental hygienists and 
dentists 

 Supervision rules of dental 
hygienists vary from state to 
state 

 Privacy of electronic health 
records may be compromised 

 Cost of telehealth software 
and hardware equipment 

 Accountability of practitioner  Virtual patient consent 

 Cost to train personnel to 
use equipment 

 Dentists may abuse virtual 
diagnosis capability 

 Training time of dentist and 
staff to learn how to use 
equipment 

 Uncertainty of payment for 
services 

 State by state licensure and 
jurisdiction 

 Lack of infrastructure to 
accommodate high speed 
internet lines 
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teams led by geographically distant dentists can keep many people healthy in com-
munity settings by providing triage, case management, preventive procedures, and 
early intervention therapeutic services [ 16 ]. Telehealth technology allows for the med-
ical histories and dental images to be uploaded to a website where a dentist reviews 
them and creates a treatment plan or refers patients requiring more complex treatment 
to a dentist in the area [ 19 ]. Telehealth has the potential to provide underserved patients 
with oral healthcare services in addition to being a benefi cial tool to decrease the dis-
parity and ensure equality in provision of oral healthcare services [ 20 ].  

6.12     Summary 

 Currently, the use of teledentistry has not yet become an integral aspect of oral 
health care; however, its implementation is necessary for the sustainment of our 
society. It is imperative that medical and dental providers support the use of tele-
health by dental hygienists and mid-level providers in non-traditional settings where 
access to care for underserved communities is a challenge. Dental and dental 
hygiene schools will benefi t from the use of telehealth technology because interdis-
ciplinary and inter-professional learning for college students will become enhanced. 
The use of telehealth technology will help bridge the geographical divide between 
the community provider and the dentist. Medical and dental students will become 
educated and trained through virtual service-learning projects which may encour-
age many (after graduation) to invest their skills in underserved rural or urban 
communities. 

 The mandate of EHRs combined with the technology to facilitate dental care at 
remote sites has set the stage for the execution of telehealth clinics all over the 
United States and internationally. However, several issues must be addressed before 
telehealth will become widespread such as: the various laws and jurisprudence 
regarding dental and dental hygiene licensure and the fi nancial and geographical 
barriers faced by rural populations. The future of telehealth is dependent upon fed-
eral grants to continue the development of telehealth programs in dental and dental 
hygiene schools, public health facilities, and other organizations; the use of reim-
bursable codes by dental professional for the use of technology and virtual visits; 
and the national promotion of the use of dental hygienists and mid-level providers 
in non-traditional settings.     
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    Chapter 7   
 Access to Oral Care Through Teledentistry 

             Susan J.     Daniel       and     Sajeesh     Kumar   

    Abstract     It has been reported that in the US, there are 4,230 geographic areas that 
experience dental care shortage, many of which are rural or remote areas without 
dental professionals. Some researchers have suggested that teledentistry might be a 
solution to this problem, especially in effective screening for dental caries in young 
children. Teledentistry is the use of information technology and telecommunica-
tions for dental care, consultation, education, and public awareness; teledentistry is 
similar to other types of telehealth. Dental hygienists can perform clinical screen-
ings for carious lesions, yet in some states, dental hygienists are not permitted to do 
so by law. Once a patient has been screened by a dentist, the dentist may authorize 
the dental hygienist to perform specifi c functions under “general supervision,” 
meaning that the dental hygienist can perform only those functions authorized.  

  Keywords     Access to Care   •   Teledentistry   •   Dental Hygiene   •   Oral Care  

     It has been reported that in the US, there are 4,230 geographic areas that experience 
dental care shortage, many of which are rural or remote areas without dental profes-
sionals [ 1 ]. Some researchers have suggested that teledentistry might be a solution 
to this problem, especially in effective screening for dental caries in young children 
[ 2 ,  3 ]. Teledentistry is the use of information technology and telecommunications 
for dental care, consultation, education, and public awareness; teledentistry is simi-
lar to other types of telehealth [ 4 ]. Dental hygienists can perform clinical screenings 
for carious lesions, yet in some states, dental hygienists are not permitted to do so 
by law. Once a patient has been screened by a dentist, the dentist may authorize the 
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dental hygienist to perform specifi c functions under “general supervision,” meaning 
that the dental hygienist can perform only those functions authorized. 

 Teledentistry screening can provide early referral for care before patients develop 
quality of life issues and loss of teeth due to dental caries. The aim of this study is 
to identify whether a difference in early screening for dental caries exists between 
dental hygienists and dentists using either clinical or teledentistry methods. 

7.1     Epidemiology of Dental Caries 

 In 2000, the Surgeon General of the United States called dental caries a “silent 
 epidemic” and the “single most common chronic childhood disease” [ 5 ]. Data from 
the 1988–1994 NHANES-III revealed that more than half of 5-year-old children 
who are living below the poverty line and children whose families’ earnings barely 
meet daily needs but do not qualify for federal assistance had dental caries that was 
essentially untreated [ 6 ]. As an infectious disease left untreated, dental caries can 
have serious effects on other body systems that can eventually result in sepsis and 
death [ 7 – 11 ]. Data from more recent surveys (e.g., data from 1999–2004 NHANES) 
have furthered supported the increased prevalence of dental caries in preschool 
 children with low socioeconomic status [ 12 ]. 

 To combat the silent epidemic of dental caries, the Surgeon General recommends 
“screening and early detection to arrest the progress of the disease after it occurs” 
[ 5 ]. Two measures associated with dental caries screening are prevalence and extent. 
Prevalence is defi ned as any carious lesion that is severe enough to result in cavities 
and necessitates restoration [ 6 ]. Prevalence is often reported using the index for 
decayed and fi lled teeth; whereas, extent of dental caries is measured by an index 
for decayed and fi lled surfaces (DFS) [ 6 ]. 

 The index for DFS is used to identify the number of surfaces on each tooth that 
are affected by decay. To obtain a DFS score, each tooth is divided into fi ve sur-
faces, and each surface fi lled with decay is tallied as one point. For example, if one 
tooth had four surfaces with decay and another tooth had one surface with decay, the 
DFS score would equal 5. DFS scores differ from decayed and fi lled primary teeth 
(DFT) scores because DFS scores are based on the total amount of decay but DFT 
scores are based on the number of teeth having any decay. For example, if a child 
has 20 teeth but only two present with carious lesions, the DFT score would be 2. 
The DFS score for the same child with the two teeth identifi ed with decay would 
require a total of the involved surfaces. 

 Data from 1988–1994 NHANES-III indicated that 2-year-olds with low SES 
averaged one-half DFT, and 5-year-olds had greater than 2.7 DFT [ 6 ]. The same 
data set also revealed that 2-year-olds with caries had more than three cavities per 
child regardless of SES [ 6 ]. However, SES was not found to affect caries prevalence 
among children 3–5 years of age: Severity of dental caries was the same for children 
from low SES and near low SES households. Even though SES did not seem to 
affect caries prevalence among 3- to 5-year-olds, half of the 5-year-olds with low or 
near low SES who had dental caries were untreated [ 6 ]. More recent data 
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(1999–2004) from the ongoing NHANES indicated 23.8 % of children age 3–5 
years and 28.8 % of children aged 6–9 years had untreated dental caries [ 12 ]. Thirty-
three percent (33.3 %) of 3- to 5-year-olds and 54.4 % of 6- to 9-year-olds had either 
fi lled or unfi lled dental caries. (Table  7.1 ) In short, the literature supports evidence 
of increased prevalence of dental caries in children 2–5 years of age and decreased 
prevalence in older children. Literature also indicates that regardless of age, dental 
caries is largely untreated [ 6 ].

   Pain from dental caries in children has been reported by parents and caregivers 
in several studies. Reports of pain from dental caries in 3- to 5-year-old children are 
as high as 68.0 % in Canada [ 13 ], followed by 16.0 % in the UK and Maryland [ 14 ] 
and 14.9 % in North Carolina [ 15 ]. In a Maryland study, 8.9 % of Head Start chil-
dren were reported to cry from pain associated with dental caries [ 14 ]. Additionally, 
results from these and other studies have also revealed that children who have dental 
caries suffer from diffi culty eating and sleeping [ 13 ,  16 ]. 

 Dental caries affects the quality of life for children. Children can often describe 
how they feel when asked. Caregivers were asked questions about their children’s 
oral health and other items refl ecting quality of life, and then, the children were 
asked to select either a happy face or sad face to describe their feelings about their 
teeth. Of the caregivers whose children had severe caries ( n  = 77), 27.0 % reported 
absenteeism from school, 31.0 % said their children were ashamed to smile, 

   Table 7.1    Dental caries experience and untreated caries by age for children 3–5 and 6–9 years   

 Dental caries experience fi lled or 
unfi lled  Untreated dental decay 

 Age 3–5 (%)  Age 6–9 (%) 
 Age 3–5 
(%)  Age 6–9 (%) 

 Gender  33.3  54.4  23.8  28.8 
  Male  35.4  56.8  24.5  30.1 
  Female  31.2  51.7  23.1  27.4 
 Ethnicity 
  Hispanic/latino  47.2  70.3  34.5  41.4 
  Non-hispanic/latino  –  –  –  – 
  Caucasian  29.2  50.0  20.1  25.1 
  African American  36.8  55.6  27.5  35.7 
 Origin of birth 
  Inside US  32.7  53.9  23.2  28.2 
  Outside US  49.7  63.3  40.2  41.1 
 Insurance status 
  Insured  31.8  53.9  22.2  27.4 
  Private  25.2  46.7  17.7  21.8 
  Public  43.5  69.6  30.1  39.7 
  Uninsured  45.4  59.7  38.0  37.9 

   Note . Adapted from two sources: (1) “Dental caries experience: children 3–5 years (percent),” by 
Health Indicators Warehouse, n.d. Retrieved from   http://healthindicators.gov/Indicators/Dental-
caries- experience-children-3-5-years-percent_1269/Profi le/Data    ; (2) “Dental caries experience: 
children 6–9 years (percent),” by Health Indicators Warehouse, n.d. Retrieved from   http://health-
indicators.gov/Indicators/Dental-caries-experience-children-6-9-years-percent_1270/Profi le/Data      
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and 49.0 % reported their children had diffi culty eating. Thirty-seven percent of 
children who had severe caries were more likely to select a sad face than were the 
22.0 % of children who did not have severe caries [ 17 ].  

7.2     Development of Dentition and Early Care 

 Most caregivers understand that the primary teeth will be lost and replaced by per-
manent teeth. Losing the fi rst primary tooth is sign of growth and development and, 
therefore, receives much attention. When children begin to exfoliate primary ante-
rior teeth, parents and children focus oral care not on the posterior portion of the 
mouth but on the eruption of the emerging permanent anterior teeth. At approxi-
mately the same time that the primary central incisors are being exfoliated and 
replaced by the permanent incisors, the fi rst permanent molar emerges posterior to 
the last primary molar. It is easier to see visible decay on an anterior tooth than on a 
molar, so thorough oral hygiene and self-care are often neglected for newly erupted 
molars, which can result in oral environments that are conducive to dental caries. 
Therefore, early screening for childhood caries is critical to children’s overall health 
and development. 

 Primary and permanent teeth have different anatomical features: The occlusal 
surface of primary molars has shallow pits and fi ssures, but the occlusal surface of 
permanent molars has deeper pits and fi ssures, allowing not only for better mastica-
tion of food but also for increased collection of plaque biofi lm and food debris. If 
parents and children focus oral care primarily on newly emerging anterior teeth, 
newly erupting posterior teeth (e.g. molars) may not be cleaned as well as needed, 
thus creating oral environments that are conducive to development of dental caries.  

7.3     Access to Care 

 In the US, there are 4,230 geographic areas that experience dental care shortages, 
many of which are rural or remote areas without dental professionals [ 1 ]. In 2009–
2010, the number of individuals without health insurance in the US increased by 
over a million [ 18 ]. The resulting statistics indicate there are currently 108 million 
people in the US without dental insurance; furthermore, there are only approxi-
mately 141,800 working dentists and 174,100 working dental hygienists [ 18 ]. 
Because of the low numbers of working dentists and dental hygienists and the high 
number of individuals who need dental care, individuals in rural areas are less likely 
to have access to care due to location of health services and lack of health-care 
providers. 

 People living in both rural and urban areas can experience trouble accessing 
dental care. According to the U. S. 2010 census, 82.3 % of the US population lived 
in urban areas where dental health-care professionals prefer to live and work. Access 
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to care in urban areas is not due to a defi cit of oral care providers, but like people 
living in rural areas, those living in urban areas share some of the same concerns 
that often prevent people from seeking care and that contribute to disparities in care 
(e.g., lack of funds, insurance, transportation, education, knowledge, and beliefs 
that dictate oral health-seeking behaviors [ 19 ]. 

 Health insurance does not always include dental coverage because traditionally, 
health insurance has meant medical coverage exclusive of dental coverage. In fact, 
more people have health or medical insurance than dental insurance [ 20 ]. People 
who have health insurance without dental coverage typically obtain dental coverage 
through a separate policy for only dental insurance. 

 In 2012, Congress passed the Patient Protection Affordable Care Act (PPACA) 
to fi ll coverage gaps left by traditional health insurance [ 21 ]. Because PPACA is 
still being developed and implemented, the extent of dental care coverage provided 
through PPACA is still unclear, although it does seem as if PPACA will help make 
dental coverage available for children [ 21 ]. Nevertheless, exactly who and what 
will be actually covered in the PPACA is still a concern, especially because of the 
$64 billion spent annually on dental care, only 4.0 % was paid by government pro-
grams [ 1 ]. 

 In addition to geographical location and lack of dental coverage, access to dental 
care is further restricted by lack of uniform regulations in licensing dental profes-
sionals [ 22 ]. Licensure of dental professionals and the tasks assigned to each spe-
cifi c professional group of dental professionals are governed by each state. Individual 
states establish their own dental practice acts containing rules and regulations gov-
erning practices and functions of oral care professionals and levels of supervision 
required for non-dentists who provide care for patients, including dental 
hygienists. 

 There are a few states (e.g., Colorado and California) where dental hygienists 
can practice either independently from or collaboratively with dentists [ 23 ]. In 
these states, dental hygienists can screen for disease, diagnose, plan, and provide 
services without the permission or authorization of licensed dentists. Unlike dental 
hygienists, midlevel practitioners with specifi c licensure and expanded-functions 
certifi cations have more fl exibility to practice oral care in Arizona and Minnesota 
[ 23 – 25 ]. For example, midlevel practitioners in Minnesota and Alaska not only 
provide preventive services but also perform restorative services and simple 
extractions. Many dental hygienists have the skills and knowledge to perform 
expanded functions and are licensed by their states and by the American Dental 
Association National Board for Dental, so practice restrictions for dental hygien-
ists reduce the ability to meet the dental needs of the population and impede the 
access to oral care. 

 In summary, health-care disparities and barriers such as SES, geographical loca-
tion, lack of insurance, and lack of uniform regulations inhibit reliable access to 
proper screening and treatment for dental caries. These barriers and disparities have 
lead dental health professions to look for new ways to connect with patients. Some 
researchers believe that these barriers to care can be overcome through the use of 
telehealth and teledentistry, which represent the next frontier of medicine [ 26 ].  
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7.4     Dental Caries Screening by Dental Hygienists 

 Clinical screening for dental caries can be performed by a dentist, by a dental 
hygienist, or by both depending on the dental practice laws of the state. The 
American Dental Hygienists’ Association reported in 2013 that only 24 states cur-
rently allow dental hygienists to conduct clinical screenings for diseases in the oral 
cavity [ 22 ]. The remaining 26 states do not allow dental hygienists to conduct clini-
cal screenings, but dental hygienists can use teledentistry for screening, diagnosis, 
and referral for treatment of dental caries without the physical presence of a licensed 
dentist. As such, teledentistry screening for dental caries is an auxiliary means of 
addressing access-to-care issues that should be furthered researched. 

 In each of the fi ve studies in the literature that incorporated teledentistry for 
screening of dental caries, intraoral images were captured and transmitted for 
remote screening and were compared to clinical screening of the same participants 
[ 2 ,  3 ,  27 – 29 ]. In one of these studies, researchers compared intraoral images to 
clinical examination fi ndings [ 27 ]. In another, a dental examiner calibrated the 
DSTM for quantifi able validity and reliability of dental caries assessment using 
visual examination (i.e., DFS > 0 if a lesion was present and DFS = 0 for no lesion) 
and screened a convenience sample of 50 children aged 4–6 years from an inner city 
preschool [ 30 ]. Images of the children’s teeth were obtained following the examina-
tion. Two weeks later, the images were scored by the same dental examiner using 
the same DSTM scale. Reliability between the two screenings was reported as the 
following: κ = .61 with 100.0 % sensitivity and 81.0 % specifi city [ 27 ]. This level of 
agreement and accuracy provides evidence that teledentistry screening is a valid and 
reliable method of screening for dental caries. 

 In another study, telehealth assistants obtained six intraoral images on 162 pre-
school children and then transmitted the images to a remote site where a dental 
examiner assessed caries prevalence. Results indicated that 43.0 % ( n  = 69) of the 
children had either early childhood caries (ECC) or severe early childhood caries 
(S-ECC). The mean DFS score was 1.88 ( SD  = 3.49), and the range of DFS scores 
was from 0–20 surfaces. ECC was noted in 48 of the 69 children with a DFS score 
of 4.42, and S-ECC was noted in 28 of the 69 children with a DFS score of 7.61. Of 
the 28 children diagnosed with S-ECC, 6 had a DFS score of ≥6 [ 28 ]. 

 Four dentists were partnered in another study to remotely diagnose dental caries 
in 66 children aged 4–6 years using intraoral images obtained by trained childhood 
educators. The remote diagnoses were compared to the clinical diagnoses of an 
experienced dentist’s clinical examination of the same children. The comparison 
yielded the following results about the two types of diagnoses: sensitivity of 94.0–
100.0 %, κ = 52.0–100.0 %. Agreement among the pairs of dentist examiners ranged 
from moderate to high as indicated by the Kappa statistic, and the identifi cation of 
teeth that were positive for dental caries was very high as indicated by the percent-
ages of sensitivity. At the conclusion of the study, half of the children ( n  = 33) 
required referrals for further care [ 2 ]. 
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 Teledentistry provides a methodology for dentists and dental hygienists to obtain 
screening data, remotely diagnose dental caries, and authorize treatment without 
being physically present, thereby increasing access to care for children who have 
limited or no access to care [ 29 ].  

7.5     Recent Findings 

 The authors recently completed a study comparing clinical and teledentistry screen-
ings for dental caries, performed by dental hygienists and dentists using both meth-
ods. The study used a convenience sample of 82 children 4–7 years of age. 
Participants attended schools in Memphis, Tennessee, USA and were provided pre-
ventive and educational services by students enrolled at the University of Tennessee 
Health Science Center’s Dental Hygiene Program. Memphis is located in Shelby 
County, which has a population of 927,644. Nearly 20.0 % (19.7 %) of the county 
population is in the poverty category. African Americans comprise over 51.9 % of 
the population in Shelby County [ 31 ]. Memphis charter schools are 97.6 % African 
American, and non-charter schools are 82.4 % African American. 

 Mobile equipment was brought into the schools and a licensed dentist examined 
children prior to the delivery of preventive care. A licensed dental hygienist super-
vised dental hygiene students during the provision of preventive services as required 
by the practice act in Tennessee. Participants had to be 4–7 years old with com-
pleted informed consent by their parents or guardians. Seventy-eight children met 
the inclusion criteria for the study. There were four examiners: a clinical dentist and 
dental hygienist and a teledentistry dentist and dental hygienist; each consented to 
participate in the study. 

 Each child received a clinical screening by the dentist for dental caries and exist-
ing restorations, and fi ndings were recorded on a geometric chart. At a separate 
visit, the dental hygienist completed a clinical screening for caries and existing 
restorations recording clinical fi ndings on a second dental chart. 

 Following the second clinical screening intraoral images were obtained on each 
child. The number of images per child varied based on the number required to 
obtain the desired anatomy. Dental anatomy captured on all children included the 
anterior teeth in occlusion and the occlusal surfaces of all molars. The Apple iPhone 
4S® was used and found to provide the most effi cient and effective means for 
obtaining images on children as this is a familiar device and not intimidating. The 
zoom feature was used to obtain anatomy in the posterior region. Cheek retractors 
and intraoral mirrors were used to obtain images of the anatomical features most 
associated with carious lesions in young children. Children were shown how to 
place the cheek retractors and were engaged in the process. 

 Photos were stored in digital albums by subject number, uploaded to the cloud 
and stored in a secure fi le for access only by the Principal Investigator and the tele-
dentistry examiners. Each teledentistry examiner reviewed the photographs, and 
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recorded existing restorations and dental caries on separate charts. Findings on each 
chart were given a DFS score and the four scores were compared. 

 Descriptive fi ndings can be seen in Table  7.2 . Sixty-three percent (63 %) were 
females, 72 % African Americans, 41 % 7 years of age and 64 % were from the fi rst 
and second grades. Spearman’s Correlation’s compared with the clinical dentist 
(CD) and clinical dental hygienist was  r  = .993, followed by CD and teledentistry 
dental hygienist  r = . 808 and the CD and teledentistry dentist  r  = .753.

   The Wilcoxon Sign Ranks test found no signifi cant difference ( p > . 10) in DFS 
scores between the clinical dentist and the teledentistry dental hygienist. 

 The fi ndings from this study suggest that a dental hygienist’s clinical fi ndings of 
dental caries are nearly the same as those of the clinical dentist based on the correla-
tion coeffi cient. Of equal importance is that there was no statistical difference in the 
assessment of caries by a dental hygienist using teledentistry and the same assess-
ment performed by a clinical dentist.  

7.6     Implications for Access to Care 

 The current literature on use of teledentistry for assessment of dental caries and 
other oral conditions provides evidence that this methodology is advantageous in 
providing access to populations in need of care. Whether used as a screening mech-
anism or as a component pared with electronic radiographs and health record 
including chartings, teledentistry can provide all the required data at the minimum 

  Table 7.2    Frequencies and percentages 
for categorical demographic variables  

  n   % 

 Gender 
  Male  27  37.0 
  Female  46  63.0 
 Screening age 
  4  13  16.7 
  5  19  24.4 
  6  14  17.9 
  7  32  41.0 
 Ethnicity 
  African American  56  71.8 
  Caucasian  4  5.1 
  Hispanic  18  23.1 
 Grade in school 
  Prekindergarten  17  21.8 
  Kindergarten  11  14.1 
  First grade  26  33.3 
  Second grade  24  30.8 

   Note . Frequencies not summing to  N  = 78 refl ect 
missing data  
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to make a referral and in many cases, a diagnosis of certain oral conditions and 
subsequent treatment. 

 Dental hygienists and expanded functions oral care providers who do not have 
the authority to diagnose and treat due to restrictive practice regulations could 
obtain the electronic data, store and forward to an offsite dentist for review, diagno-
sis and authority to treat the patient according to the needs presented within the 
realm of the care provider’s professional license. Teledentistry would allow for 
delivery of oral care to rural and urban groups, individuals in long-term care, special 
needs populations and many others who do not have access to oral care. 

 Advocacy and policy change is needed to make the use of Teledentistry a univer-
sal reality. Additional evidence is needed in multiple populations and geographic 
regions to support change and access to care using teledentistry.     
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    Chapter 8   
 Forensic Odontology in Digital Era 

                Kelly     Tanner     Williams       and     Brenda     Tallon     Bradshaw     

    Abstract     A major purpose of forensic odontology is the medicolegal  establishment 
of human identifi cation. The focus is often for cases of unidentifi ed human remains or 
for bitemark investigations of criminal activity. With advanced technologies, forensic 
odontology is able to effi ciently accomplish these tasks with accuracy. The cost and 
limited accessibility of advanced equipment sometimes hinders widespread utiliza-
tion. Still, a basic understanding of what exists and is available can support structured 
growth. This chapter will link modern technologies to the way odontologists collect, 
organize, interpret, and document evidence in their professional  practice to offer a 
basic understanding of how teledentistry is being applied in forensic odontology.  

  Keywords     Medicolegal   •   Forensic odontology   •   Postmortem   •   Antemortem   • 
  Global positioning system   •   Digital radiography   •   X-ray fl uorescence spectrometer   
•   RFID tag   •   3D computerized reconstructions   •   Unifi ed Victim Identifi cation 
System   •   UVIS Dental Identifi cation Module   •   Bitemark analysis   •    Root- transparency 
level   •   Daubert Guidelines  

8.1         Background 

 A major role of forensic odontologists is that of assisting with human identifi cations for 
deceased individuals. Such cases could be within the context of identifying one victim 
in a local morgue or thousands of victims in a temporary morgue established for a mass 
fatality incident (MFI). Methods used to obtain positive medicolegal identifi cations are 
similar for both situations. The identifi cation process includes postmortem (PM) evalu-
ations, antemortem (AM) collection and interpretation, followed by a comparison 
phase of all evidence. The concept of using unique oral features to positively identify a 
person has very early roots. Possibly the earliest documented example took place in the 
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fi rst century BC when the Roman Empress Agrippina requested confi rmation of an 
ordered assassination. The victim’s head was delivered to the Empress so that the vic-
tim’s misaligned dentition could serve as proof [ 31 ]. A 1776 silversmith dentist, Paul 
Revere, was able to identify the decomposing body of someone wearing an ivory and 
silver wired denture he fabricated [ 31 ]. While these historic cases relied heavily on 
visual memorization, present day cases are built on unrefutable scientifi c proof and 
aided by modern teledentistry technologies. Cases of murder, abuse, and MFIs such as 
the September 11, 2001 terrorist attacks, Hurricane Katrina, and the 2004 Asian tsu-
nami have relied heavily on the expertise of forensic odontologists.  

8.2     Human Remains Investigations 

8.2.1     Digital Photography 

 For unknown deceased victims, collection of odontological evidence begins in the 
location where the human remains were found. Typically, collected human remains are 
given to the custody of a coroner or medical examiner working closely with a forensic 
odontologist by local authorities or disaster search and recovery authorities as opposed 
to the odontologist being onsite. However, depending on circumstances, the odontolo-
gist may need to report to the scene where the remains were discovered in order to 
obtain more odontological evidence [ 15 ,  31 ]. In such cases, photographic documenta-
tion of the site with global positioning system (GPS) coordinates as a part of that evi-
dence can assist in relocating the exact site with certainty [ 37 ]. A high-quality 35 mm 
single-lens refl ect (SLR) digital camera with adjustable exposure settings and change-
able lenses is recommended for taking multiple photographs [ 32 ]. Extra- and intraoral 
photographs should be taken of the victim and used to compare PM information 
against AM information [ 14 ,  32 ]. Digital photographic images can be electronically 
stored, retrieved, and wirelessly transmitted for additional expert opinion.  

8.2.2     Digital Dental Records and Radiography 

 Human remains identifi cation by odontological means relies heavily on the 
 comparison of AM and PM dental records. The AM data collections team works 
with the victim’s dentist of record in order to obtain needed information [ 11 ]. While 
paper records are accepted and used, electronic records are preferred for several 
reasons. Paper records take longer to obtain, they are often illegible, fi lm-based 
radiographs have to be digitized with a fl at- bed scanner, and the record with its 
contents have to be monitored to avoid misplacement [ 10 ,  22 ]. In contrast, elec-
tronic dental records are wirelessly transmitted for quick retrieval and they are in 
easy to read type print with radiographs already in digital format. 

 PM digital radiography with portable radiation emitting, hand-held units is the 
preferred method for forensic odontology victim evaluations [ 23 ]. Since digital 
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images can be magnifi ed for image-spot scrutiny, they allow for quality require-
ments that are essential to forensic odontology; such as, clear cementoenamel junc-
tion outline, clear pulpal outline, detailed root apex contour, and restoration margin 
discriminations [ 23 ,  30 ]. Digital radiography is also logistically benefi cial for a 
couple of reasons. First, using digital radiography conveniently eliminates the need 
for chemical developer solutions or darkrooms [ 31 ]. Additionally, the use of small 
portable, hand-held x-ray units eliminates the need for access to facilities with fi xed 
wall units, making on-site use possible [ 23 ,  30 ]. Limiting the need for the body to 
be transported to another site prior to taking dental radiographs is of particular 
importance in situations of fragility when moving the body could result in physical 
damage, which would reduce the ability to continue gathering quality information 
due to deterioration [ 15 ]. Portable radiation emitting units include the AnyRay, 
Nomad, Rextar, and MinRay, and digital image receptors include the Durr PSP, 
Sigma M CMOS, Sopix, DEXIS, and VistaRay CCD [ 14 ,  23 ,  31 ]. Time saving 
direct digital image receptors with charged couple device (CCD) or complementary 
metal oxide semiconductor (CMOS) pixels can be wirelessly directed to a computer 
[ 14 ]. Digital radiography images can be viewed instantly, allow for exposure 
 correction manipulations, and can be retaken as needed so that quality can be 
obtained [ 14 ]. Digital radiographs are also easily and readily uploaded into com-
parison software so that identifi cation matches can be computed [ 14 ]. If additional 
expert opinion is desired, tele-radiology allows digital radiographs to be viewed 
from a distant site when used in universal imaging format, digital imaging and com-
munications in medicine (DICOM) [ 31 ] Fig.  8.1 .      

 With increasing use of dental cosmetic resin restorations, it is sometimes diffi cult 
to visually and radiographically scrutinize modern restorations in order to make 
needed comparisons [ 31 ]. Laboratory based scanning electron microscopy with 
energy dispersive X-ray spectroscopy (SEM/EDS) used in conjunction with the spec-
tral library identifi cation and classifi cation explorer (SLICE) software can help iden-
tify resin material in an extracted tooth (Bush et al. 2008). Another resin identifi cation 
method option used in the morgue or fi eld is the portable X-ray fl uorescence 

  Fig. 8.1    This is a burn 
victim identifi cation case 
where the lower jaw was 
removed to facilitate the 
taking of radiographs. The 
anterior teeth are completely 
charred, however the 
remaining sockets can be 
useful in identifi cation       
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 spectrometer (XRF) paired with a custom spectral library database to identify manu-
factured brands of resin dental materials ([ 4 ,  5 ]; Bush et al. 2008). Dentists should 
have the victim’s AM record noted with the brand names of restorative materials used 
so that information gathered by the SEM/EDS or XRF can help add to the certainty 
of identifi cation ([ 4 ]; Senn and Stimson 2010). Still, AM and PM dental radiographic 
comparisons are the main odontological method used for identifi cations, but when 
traditional methods have been exhausted, SEM/EDS and XRF may be needed [ 4 ].  

8.2.3     Cone-Beam Computed Tomography 

 Three-dimensional imaging in the form of cone-beam computed tomography 
(CBCT) is gaining popularity for clinical diagnostics and treatment planning in den-
tal specialties. These highly detailed images become a permanent part of the patient’s 
dental record, and could serve as sources of AM information. Forensic odontolo-
gists can also use CBCT in order to obtain PM information, especially in cases when 
intraoral access and 2 dimensional (2D) dental radiography are not possible [ 14 ].  

8.2.4     Computed Tomography, Magnetic Resonance 
Imaging and Surface Scanning 

 Enough detailed information from the deceased victim needs to be obtained in order 
to compare against AM data so that a positive identifi cation can be confi rmed. 
However, this is sometimes to achieve due to physical manipulation diffi culty or reli-
gious objections to invasive means raised by the victim’s family [ 19 ]. In cases where 
PM dental information needs to be obtained, but is not possible through invasive surgi-
cal means, computed tomography (CT) is an option [ 19 ,  29 ]. This advanced three-
dimensional (3D) digital radiography system yields detailed information while leaving 
the body intact. When available, mobile CT scanner vehicles equipped with distance 
reporting telecommunications could assist efforts at a MFI temporary morgue or 
onsite for crash accidents [ 29 ]. Comparisons of 2D dental radiographs are considered 
the gold standard for establishing dental unique identifi ers, but CT images can be uti-
lized as a complementary tool [ 3 ]. While sometimes criticized for its inability to give 
discriminatory information that is detailed enough for comparing dental restorations, 
it has been found to be valuable for age estimation in cases involving child victims [ 3 ]. 

 When CT is combined with magnetic resonance imaging (MRI) and surface scan-
ners, a non-invasive virtual autopsy makes it possible to obtain a large amount of PM 
information; including dental [ 11 ,  18 ]. An example of such a system is the Virtopsy 
project, which relies on a robotic system guided by three-dimensional surface scan-
ning and software in order to collect autopsy information on fragile human remains 
without the risk of physical damage to the body [ 9 ,  28 ]. To    begin, a digital SLR 
camera and optical surface scanner collect photogrammetry and triangulation imag-
ery data that is wirelessly communicated to a software responsible for calculating 
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millions of surface points on the skin, which navigate a robotic arm on how to per-
form the virtual autopsy task [ 28 ]. If the equipment is available during DVI events 
occurring in remote areas, the planning and commanding of the robotic arm can be 
carried out through wireless communications by experts who are off-site [ 9 ]. Virtual 
autopsy is a new and very advanced technique which is still being studied [ 19 ].  

8.2.5     Radio Frequency Identifi cation Tags 

 Using dental records to identify a person by unique characteristics found within the 
dentition is a common and well rehearsed activity among odontologists    [ 26 ,  27 ]. 
However, identifying an edentulous person can be quite challenging due to the loss 
of unique odontological identifi ers; making marked dentures invaluable for 
 edentulous victims [ 20 ]. Methods for labeling oral prostheses ranges from surface 
notations in the form of handmade engravings or pen marks, to structural inclusion 
techniques such as thin papers, fi lm or metal labels with a clear protective coating [ 8 , 
 26 ]. These methods tend to be cost effective, simple to accomplish, and make iden-
tifi cation easier than having no markings at all. However, they can have drawbacks 
in the form of esthetics, the potential for trapping bacterial plaque, and being suscep-
tible to not holding up to the destructive nature of extreme heat, acids, or wear [ 8 , 
 26 ]. Alternative methods that are quick and easy to access include electronic infor-
mation storing microchips, barcodes, or radio frequency identifi cation tags (RFID 
tag) that can be structurally included into the denture [ 7 ]. A major benefi t of RFID 
tag use is its durability against harsh assaults such as extreme heat, freezing tempera-
tures, wear, or acid exposures [ 26 ]. The wireless electronic communication data car-
rying tag contains a microchip with an antenna and is rated to have an unlimited 
lifespan [ 26 ,  27 ]. Identifi cation information is accessed by a mobile handheld reader 
with an electromagnetic fi eld emitting antenna to energize the transponder (tag). The 
tag gives the coded data to the reader, which translates the data into readable infor-
mation [ 25 ]. Information stored on the tag can be changed over time as needed and 
is capable of holding contact information in addition to the name of the wearer.  

8.2.6     Three-Dimensional Craniofacial Reconstruction 

 Forensic odontological and anthropological examinations of skeletonized remains 
can offer evidence of age, gender, and ethnicity so that a 3D craniofacial reconstruc-
tion can recreate an AM likeness [ 33 ,  34 ]. This is particularly important when there 
is no source of AM information for the unknown victim [ 6 ]. Advantages of 3D 
computerized reconstructions over traditional manual clay methods includes time 
effi ciency, less subjective infl uences, characteristic variations can be applied for 
multiple renderings, and the digital image can be easily shared from a distance [ 17 ]. 
When the resulting image is released to the public, someone may recognize the 
victim and come forward to give authorities information to aid the investigation [ 6 ].  
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8.2.7     Software and Databases 

 Identifying a deceased victim relies heavily on comparisons of collected AM and 
PM dental information. Comparison software such as WinID3, Plass Data’s DVI 
System, and Unifi ed Victim Identifi cation System (UVIS) enables collected data 
to be electronically catalogued and fi ltered [ 14 ,  37 ]. Software algorithms auto-
mate comparisons based on dental patterns and other unique identifi ers so that 
records can be ranked by numbers of matches, mismatches, and possible matches 
[ 2 ]. Prior to such software systems, odontologists spent a lot of time manually 
comparing multiples of AM records against each PM record of interest that was 
within their possession [ 14 ]. In addition to saving a lot of time, these software 
systems can be compared against databases for missing persons since they have 
a high probability of being a deceased victim odontologists will attempt to iden-
tify. Missing persons databases available for searches in multiple languages 
include UVIS Dental Identifi cation Module (UVIS/UDIM) and NamUS (the 
National Missing and Unidentifi ed Persons System) [ 36 ,  37 ]. These databases 
are accessible by the internet and can assist in the identifi cation of unknown 
human remains [ 36 ,  37 ].   

8.3     Bitemark Investigations 

8.3.1     Bitemark Identifi cation 

 Bitemarks are prevalent in cases where a victim has attempted to defend themselves 
from a perpetrator. A bite can be defi ned as a mark made by human or animal teeth 
on the skin of “living individuals, cadavers, or objects with relatively softened con-
sistence” [ 13 ], p. 45. Bitemark analysis can be of assistance to the forensic team 
when attempting to understand if time has elapsed between the production of the 
mark and the examination. Analysis can also assist to determine if the marks 
occurred antemortem or postmortem, and in the case of multiple bites, the sequence 
of bite production can yield useful information [ 13 ] Fig.  8.2 . 

 Bitemarks can be located anywhere on the body, however they are most often 
identifi ed in areas of soft, fl eshy tissues such as the face, stomach and buttocks [ 18 ]. 
When identifying bitemarks on a victim and dental records are not available, unusual 
oral characteristics gleaned from the teeth are used to narrow down clues based on 
the biter’s lifestyle habits such as wear patterns, chipping of teeth, dietary patterns, 
and socioeconomic strata [ 18 ]. In addition to unique conditions present, identifi ers 
such as formation of eruption and dental aging based on cementum- formation and 
root -transparency level may assist in analysis of the data. 

 A bitemark is the result of a mandibular closure, followed by negative pressure 
(suction), in the opposite direction, “caused by the tongue and peri-oral muscula-
ture” [ 13 ], p. 46. When a person or animal bites an object, the upper incisors hold 
the object while the lower incisors cut. The marks that are left are relevant to inform 
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the bitemark analysis on details such as “dental alignments, size, and shape of den-
tal arches” [ 13 ], p. 46. Human dentition is unique to each individual because each 
of the teeth in the dentition has its own size, shape, and features. Additionally, 
 factors such as past dental extractions, restorations, malalignment, malformation, 
interdental spacing, and dental fractures can also be detected in the analysis. 
Bitemark analysis is very diffi cult on human skin because of distortion that may be 
present or time elapsed between the production and analysis. Other factors such as 
applied force, bite duration, and movement between the skin and the teeth also may 
affect the lesions produced during the incident [ 13 ].  

8.3.2     Bitemark Analysis Techniques 

 Advanced technologies have been made available within the manufacturing  industry 
that are more accurate traditional overlay methods. A three-dimensional analysis of 
bitemarks are made possible by using a calibrated digital camera to capture images 
of the bitemark. Advances within the technology of the calibrated camera accom-
modate for scale and angulation distortion of the bite. The scanned image is then able 
to produce a model of the teeth that accurately represents a dentition that closely 
replicates that of the offender. A disadvantage of utilizing the advanced technology 
is the initial cost of the equipment. In the case where advanced technology is cost-
prohibitive, traditional methods of bitemark analysis are also very reliable Fig.  8.3 . 

  Fig. 8.2    Indicates the 
criteria for recognizing a 
bitemark as human       
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 In traditional bitemark analysis, photographs are the primary method for bite-
mark analysis because of their improved accuracy. Bitemark analysis involves 
capturing a photograph of the bitemark, laying a sheet of transparency fi lm over 
the photograph, and using a fi ne tipped pen to marking the perimeter of the biting 
surface, and marks the biting edges on the fi lm. The fi lm is then used as a means 
to validate the biting surfaces of the perpetrator by matching it to the drawing. In 
the manual analysis technique, the actual teeth are compared to the transparent 
fi lm. In the photocopying analysis technique, a positive reproduction of the per-
petrator’s teeth have been fabricated (i.e. dental models) and has been laid incisal 
edge down on a photocopier to produce a photocopied image. The image is then 
placed upside down on a radiographic view box where the teeth were outlined on 
the transparency fi lm, and the outlines are compared. In computer assisted meth-
ods, the dental models of the perpetrator are scanned with the biting edges of the 
dental models over the glass plate of a scanner and are then transferred to a com-
puter or laptop. The images are opened utilizing Photoshop 7 ™, and the biting 
edges are reproduced and printed on a transparent sheet of paper. A comparative 
study of overlay methods was conducted by Khatri et al. [ 16 ] and their study 
concluded that the most consistent and reliable means of comparing the three 
overlay analysis was that of the computer assisted overlay generation Figs.  8.4  
and  8.5 .  

8.3.3     Accidental and Nonaccidental Injuries 

 Accidental and nonaccidental injuries exhibit distinctly different characteristics. 
Nonaccidental, or abusive clinical signs are that of fractured teeth, cuts, fractured 
nasal and jaw bones. Additionally, such markings as cigarette or ligature burns or such 
as bitemarks on the face, neck, or arms are signs of clinical abuse [ 18 ]. In child abuse 
cases, there are characteristics of abusive injuries that are prevalent with the case. One 

  Fig. 8.3    A bitemark on the 
left hand of a homicide 
victim. Numerous “defensive 
wounds” (bruises can be 
seen on her arm)       
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of the fi rst signs is overall neglect of the child such as malnutrition, poor nutrition, or 
head lice and overall hygiene. Typically, the injury of the child occurs in the absence 
of another individual, or many times a sibling is blamed for the injury. It is also com-
mon that the history of injury is vague and inconsistent with clinical fi ndings with 
injuries that occur in places that are away from bony  prominences [ 18 ].  

  Fig. 8.5    The victim in Slide 
315 demonstrating the use of 
transparent overlays and the 
ABFO scales to compare the 
dentitions of both the suspect 
and the victim with the 
bitemark. In this particular 
case, it was determined that 
the victim bit herself during 
the perimortem period       

  Fig. 8.4    Impression of both 
the deceased victim and 
suspect were made and 
transparent overlays were 
created       
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8.3.4     Medico-legal Implications 

 When an individual’s reported history differs from the injury observed, mandated 
reporters are expected to photograph and document the suspected abuse to authori-
ties. There has been research conducted on how reliable bitemark analysis is to 
informing the process of identifi cation because of the validity and reliability of 
analysis methods. Page et al. [ 21 ] posit that although there is evidence that suggests 
that bitemark do not solve a case by themselves, the bitemark evidence must be used 
in the context of the other evidence that is provided and can be utilized as an adjunc-
tive method in the process. 

 Bitemark evidence is accepted within the legal system, however the underpin-
ning of its scientifi c validity is sometimes challenged. To increase the validity of 
bitemark analysis, the American Board of Forensic Odontologists (ABFO) estab-
lished bitemark methodology guidelines [ 1 ]. After court orders have been issued in 
a case, any form of dental history prior to the bite is recorded in detail, and a front 
and profi le photograph should be obtained along with an intra and extra oral exami-
nation. When possible, two sets of impression casts and a comprehensive dental 
assessment should also be completed [ 24 ]. The objective of the obtaining the casts 
is to compare and contrast similarities and differences between the photograph of 
the victim’s bitemark to a scaled, digitized model of the bitemark of the suspect. 
After this process, it is recommended that a scoring guide that was developed by the 
ABFO is utilized to evaluate comparison and a conclusion made based on quantita-
tive measure of the quality of the match based on objective measures [ 35 ]. Gupta 
et al. [ 13 ] that odontologists typically provide opinion to legal authorities, but do not 
always offer scientifi c reasoning behind why a conclusion was reached regarding 
their analysis. Sharing this reasoning will inform outside individuals about the fac-
tors that determined the decision and will serve as a source of education for others 
to apply to their future cases. 

 Courts place emphasis on evidence that has been gathered utilizing a scientifi -
cally validated approach. The court systems utilize Daubert Guidelines to standard-
ize the use of and fi lter expert evidence offered to the court. Dauberts rules 
specifi cally state that in order for the evidence to be admissible, that the evidence 
has been tested for its evidentiary reliability. “Courts must determine if the scientifi c 
basis has been tested for trial and error, the methodological fi rmness of those tests, 
and the results of that testing” [ 24 ], p. 3. To uphold a stronger case of evidentiary 
reliability, it is recommended that the examiner be a qualifi ed and experienced den-
tal investigator, and when possible, certifi ed by the ABFO [ 24 ].   

8.4     Summary 

 Forensic odontology is scientifi cally proven to aid in the assistance of victim 
 identifi cation, and bitemark is utilized as and adjunctive method to assist in cases 
of suspected abuse. The results of certainty afforded by those efforts have 
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satisfi ed matters of societal justice and given families the opportunity for needed 
closure [ 32 ]. Technological advancements utilized in the fi eld of odontology will 
continue to grow and offer assistance to those in need. Continued education of all 
 emergency and medical professionals is crucial for sustaining a modern process 
allowing for proper stewardship of evidence so that it may be utilized to its fullest 
potential.     
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    Abstract     Teledentistry has advanced in Brazil (Numbers of Brazil – Fig. 9.1) in 
recent years, particularly with an emphasis on interactive teleducation, and telecare/
teleassistance in the production of multicentre studies. 

 It is worthy to note that Brazil has adopted eHealth as a national policy applied 
to healthcare and education since 2006. It started as part of Ministry of Health 
national policy for development and capacity building of human resources for 
health. Many strategies have been developed and adopted aiming to reorient health 
professionals competencies to the healthcare model established in its universal 
access health system, based on primary health care. The strategies deal with under-
graduate students, technical level health workers, residency and postgraduate 
programs. The educational policy implemented is based on three main guidelines: 
integration between universities and health services, a wider concept of health- 
disease process, based on the social determinants of health and new pedagogical 
approach based on active methodologies, including the use of information and 
communication technologies (ICT).  
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   It is worthy to note that Brazil has adopted eHealth as a national policy applied 
to healthcare and education since 2006. It started as part of Ministry of Health 
national policy for development and capacity building of human resources for 
health. Many strategies have been developed and adopted aiming to reorient health 
professionals competencies to the healthcare model established in its universal 
access health system, based on primary health care. The strategies deal with under-
graduate students, technical level health workers, residency and postgraduate 
programs. The educational policy implemented is based on three main guidelines: 
integration between universities and health services, a wider concept of health- 
disease process, based on the social determinants of health and new pedagogical 
approach based on active methodologies, including the use of information and 
communication technologies (ICT) [ 1 ,  2 ]. 

 Brazil assumed health as a right of each citizen and for that its Federal Constitution 
created in 1988 the Unifi ed Health System (SUS), which applies currently to more than 
190 million inhabitants. One of the greatest challenges faced by universal health systems 
is how deal with the overpowering increase of new technologies applied to healthcare 
and, at the same time, guarantee universal access of population to high quality of care 
with sustainability. Human health resources play a central hole in this equation [ 3 ]. 

 A special issue number of the Lancet with a series of papers about the Unifi ed 
Health System (SUS) from Brazil was published in 2011. As far as the Millenium 
Development Goals – MDG are concerned, the editors highlight SUS achievements 
as the reduction of 50 % in low birth weight and two thirds decrease in infant 
 mortality in the last decade [ 4 ,  5 ]. 

  Fig. 9.1    Brazil and its numbers       
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 In this context, where we have SUS and more recently a national policy for 
human health resources, is that Brazilian eHealth strategies emerged and have been 
developed [ 4 ,  6 – 12 ]. 

 The multiple strategies for eHealth include mainly the Brazilian Telehealth Program 
(  www.telessaudebrasil.org.br    ) [ 13 ], Open University of the Unifi ed National Health 
System – UNA SUS (  www.unasus.gov.br    ) [ 14 ] and Telemedicine University Network – 
RUTE (  www.rute.rnp.br    ) [ 15 ]. The activities grew faster between physicians and 
nurses. It has also a great acceptance and demand by Health Community Workers. 

 Dentistry has gained strength within SUS in 2000, when the dentists starting to 
integrate Family Health Teams at the primary health care level, and also with the 
creation of the Centers of Dental Specialties in 2005. By 2012 we reached approxi-
mately 18.000 out of 32.000 Family Health Teams that included dentists and 800 
Centers of Dental Specialties all over the country. Until that most of the population 
had diffi culties to dental treatment access. Epidemiological studies comparing the 
situation in 2000 and 2010 showed considerable improvement in dental health 
 indicators, although we still have a great cumulative demand accumulated along 
many years before, especially in relation to adult oral health needs. 

 This active inclusion of Dentistry within SUS created the necessity for under-
graduate programs to prepare better students to a new professional activity pattern, 
facing the challenge of working in a multiprofessional team, at public services and 
not only in private offi ces. Many programs and strategies are being promoted by the 
federal Government, specially by the Ministries of Health, of Education and of 
Science, Technology and Innovation to face the new challenges involving all health 
professionals, including dentists. 

 One of them is the eHealth strategy and to better integrate Dentistry [ 16 ,  17 ], it was 
created the National Teledentistry Network – RNTO (  http://programa.telessaudeb-
rasil.org.br/vhl/teleodontologia-em-foco/rede-nacional-de-teleodontologia-e- 
nucleos        ) in 2011 (Fig.  9.2 ). Its goal is to share and exchange successful experiences 
of telehealth applied to teledentistry, nationally and abroad. Two relevant RNTO 
initiatives must be mentioned. One of them is the e-learning course destined to 
 institutions interested in developing Teledentistry Centers. It is divided in three 
modules: ( 1 )  How to implement and manage a Teledentistry Center;  ( 2 )  How to 
train and stimulate professors to use more widely information and communication 
technologies (ICT) in the teaching-learning process;  ( 3 )  How to support a service 
of teleconsultancies and Formative Second Opinion for health professionals . Each 
module has been structured by experienced professors and dentists already engaged 
on Brazilian Telehealth Program [ 13 ] and UNA SUS [ 14 ], establishing guidelines 
and learned lessons that may help new partners to better perform in the network. 
After defi ning the content and validating it by an experienced external committee, 
the module is developed with the support of a instructional design that has a 
 pedagogical background. It is expected that this course may serve as a reference for 
teachers, health professionals, faculties of Dentistry and health services willing to 
start using ICT for teaching and learning and healthcare support.

   The second initiative, as part of RUTE [ 15 ], is the creation of a Special Interest 
Group (SIG) in Teledentistry (Fig.  9.3 ). It represents one, out of more than 40 SIGs 
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already at work, in different specialties most of them in Medicine and Nursery. The 
Teledentistry SIG is a virtual space in which education and research institutions 
from all over the country get together virtually through video and web conference, 
discuss, share their experience and learn how to better work as an effectively 

  Fig. 9.2    Launch of the National Network of Teledentistry with eight colleges/states represented, 
2011 – Santa Catarina, Brazil       

  Fig. 9.3    Teledentistry Special Interest Group – monthly meeting, at RUTE – Telemedicine 
University Network       
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connected network. This huge movement of education and research in health 
network was made possible by a cooperative initiative run by the Ministry of 
Science and Technology, with partnership with the Ministries of Education and of 
Health. A backbone of wide band has been built connecting all the public university 
hospitals and other relevant health services, connecting this national wide network 
dedicated to education and research in health fi eld. There is a Social Organization, 
the National Network of Education and Research (  www.rnp.br    ) [ 18 ], from the 
Ministry of Science and Technology, which is responsible for the development and 
management of RUTE.

   The RNTO is run by the Brazilian Association of Dental Education (  www.abeno.
org.br    ) [ 19 ] and by the Teledentistry Center of the Faculty of Dentistry of University 
of Sao Paulo (  www.teleodonto.fo.usp.br    ) [ 20 ], in partnership with the Telehealth 
Centers of the University of the State of Rio de Janeiro – UERJ (  http://www.teles-
saude.uerj.br    ) [ 21 ], Federal University of Rio Grande do Sul – UFRGS (  http://www.
ufrgs.br/telessauders    ) [ 22 ] and the State Secretary of Health of Mato Grosso do Sul 
(  http://telessaude.saude.ms.gov.br    ) [ 23 ]. The project is supported by the Ministry of 
Health (  www.saude.gov.br    ) [ 24 ] with the cooperation of Pan American Health 
Organization (PAHO) [ 25 ]. The two initiatives are articulated and their effects on 
the function, strengthen and extension of the RNTO. It has also contributed for the 
improvement of healthcare, research and education in undergraduate and pos gradu-
ate dentistry courses all over the country. 

 The tools of Telehealth and Teledentistry allow break through the limits of the 
geographical and temporal distance, so that professionals, whether working in 
remote areas, have access to communication with other centers and services, no 
longer feel isolated (Fig.  9.4 ).

   Nowadays, whatever the diagnosis or health problem presented, there is a 
 tendency of the population, with growing access to the Internet, to search for knowl-
edge about their own condition. We must seize this window of opportunity to guide 
the search for quality information and credibility. It is important that professionals 
are prepared to take these guidelines as well as to be a source of reliable information 
about health promotion and prevention in relation to general health and oral health. 

 The fi rst decade of the twenty-fi rst century can be considered the starting point 
of the fi rst Brazilian initiative in Teledentistry. Many distance-learning courses were 
produced in Brazil. It began with the concern of informing patients and profession-
als, for instance, about oral cancer [ 26 ]. 

 The Department of FMUSP’s Telemedicine [ 27 ], which had already worked with 
telemedicine connections across Brazil, developed modules related to Dental 
Health. In the  São Paulo Center  that is linked to Brazils National Telehealth Program 
[ 13 ], a platform is used supporting continuous education for professionals working 
in primary health care. One of the projects being developed is the  Virtual Human  
involving human anatomical and physiological aspects in 3D animation, with various 
titles related to dentistry, for instance:  Temporomandibular Joint  (TMJ), Dental 
Structure (2004);  Anaesthesia in Paediatric Dentistry and tooth extraction of 
 deciduous teeth (2011) ;  Development of dental caries; and traumatic lesions  
(2007–2009)  ATM and Dysfunctions  (2008);  Oral Health in the Elderly  (2008). 
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 These results led the USP team to participate in the planning and implementation 
of the Brazil Telehealth Network [ 13 ] program in 2006, in conjunction with the 
Brazilian Ministry of Health. 

 In Telecare, through collaboration with USP and USC, the development of 
Dental Telepropaedeutics was initiated, with the creation of online clinical 
records and educational lectures about drug interaction, the  International 
Classifi cation of Diseases  (ICD), references, educational reports, epidemiologic 
data, and other [ 27 ] 

a

b

  Fig. 9.4    ( a ) Geographic problems to access people – State of Minas Gerais. ( b ) Geographic prob-
lems to access people – State of Amazonas       
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 The fi rst and second Brazilian Meetings of Teledentistry were organized within the 
Congress of Brazilian Council for Telemedicine and Telehealth (CBTms) [ 28 ], result-
ing in a consensus document: Consensus Belo Horizonte [ 29 ], Minas Gerais – Brazil:

  The dissemination of Teledentistry in Brazil is important to improve the quality of educa-
tion, for this reason, the creation of Teledentistry centres of Higher Education Institutions 
(HEIs) should be encouraged along with the training of new professionals. The educational 
institutions, regulation and standard of Dentistry will ensure the appropriate use of technology 
in teaching, research and additional development. 

 Dentistry has an important role in the health of the Brazilian population. With the help 
of Teledentistry, institutions and university groups can promote national stimulus programs 
for oral health, and the possibility of partnerships between public, private and non- 
governmental organizations (NGOs) and agencies. 

 The modernization of educational iconography, through the development of learning 
tools should be considered as a strategic action to improve the quality of education in den-
tistry. It is important to join the Dental Front Pro-FUST (Fund for Universalization of 
Telecommunications Services) through the Department of Teledentistry of CBTMs and 
dental education articles. This section of dentistry is design for the release of funds from the 
FUST to be used in education and health. 

 It is necessary to prepare the regulation for the use of Teledentistry among professionals 
and professional-patient relationship. 

 The promotion of Brazilian Teledentistry at the 10th International Telemedicine 
Congress, which was held in October 2005 in São Paulo, was appropriate. 

 Collaborating Teledentistry centres should be encouraged amongst HEIs for the sharing 
of projects and experiences in teaching, research and extensions. 

   The 25th International Dental Congress in 2007 discussed the ethics of 
Teledentistry and Distance Education. The debate allowed participants to clarify 
questions about the use of ICT (Information and Communication), with the empha-
sis on professional – patient relationship, the teaching and learning process, and the 
teacher-student relationship. 

 Torres-Pereira et al. [ 30 ], of the Federal University of Paraná (UFPR) studied 
images sent via e-mail to test the accuracy of lesions of the oral mucosa diagnosis. 
Twenty-fi ve cases were documented in 12 months in the primary care health 
 service. The images were sent to two experts in Semiology with over 10 years’ 
experience. In 88 % of cases, at least one of the experts made the correct diagnosis. 
The authors conclude that Teledentistry can be a viable alternative for the diagnosis 
of oral mucosal lesions in remote locations and primary care services when there 
are no experts available in Semiology. 

 Skelton-Macedo and Antoniazzi [ 31 ] refl ected on the benefi ts of ICT for 
 professional discussions. The importance of a second opinion in geographically 
 isolated areas was observed; as well as the ethical issues related to professional 
responsibility for the care they provided, reliability, confi dentiality of information 
in circulation and the importance of regulating the use of Teledentistry. 

 In his PhD thesis, Abranches [ 32 ] developed and evaluated an educational 
 website for the prevention of oral cancer. Most cases are diagnosed late and self- 
examination is a simple and effective measure in the early diagnosis of precancer-
ous lesions and oral cancer. It was concluded that the website had proven to be an 
effective educational tool with regards to the increasing of personal knowledge on 

9 Teledentistry in Brazil



94

the subject of oral cancer and provided a tool for effective repeatable oral self- 
examination. She also submitted his website to HON – Health on the Net Foundation 
(  www.hon.ch    ) and received a certifi cation seal. 

9.1     The Teledentistry Centre FOUSP 
School of Dentistry, University of São Paulo 

    In 2000, the Discipline of General Pathology (graduation) build a website which 
provided innovative educational content and material to support classroom learning 
and initiatives for distance learning [ 33 ]. 

 Department of Endodontics (undergraduate) made a CD with the contents of 
Endodontic Technique FOUSP, in 2002. 

 Parallel to these experiments, two disciplines: Dental Educational Methodology 
and Research Methodology (post-graduation) incorporated the application of 
 educational technologies in 2004, supporting classroom content using virtual learn-
ing environments – AVA (TelEduc – UNICAMP, CoL – USP and Moodle). 
Asynchronous and synchronous communication tools have been applied and the 
impressions of professors and students were collected, which showed that the new 
forms of communication support the classroom teaching signifi cantly altering the 
teacher-student relationship and provide better student involvement in the learning 
process (since 1998). 

 Some subjects/disciplines felt compelled to start their own projects on the use of 
technological innovations in 2007, such as occurred with the Discipline of Dentistry 
(Graduation). It was designed new ways to build educational resources, involving 
Augmented Reality (a PhD thesis, which received the Edmir Matson Award in 
2011) [ 34 ]. 

 The invitation for the establishment of a Centre for Teledentistry FOUSP at the 
beginning of 2007 came from SGTES (Management Secretariat of Labour and 
Health Education, Ministry of Health) to integrate the São Paulo Telehealth core. It 
added the University initiatives and developed expertise with new standards and 
requirements related to the possibility of issuing a second opinion for public health 
service professionals, expanding the line of action beyond Teleducation, also 
 working as Telecare Professionals. Profs Antoniazzi JH (Chairman of Endodontics 
discipline) and Guedes-Pinto AC (Chairman of Paediatric Dentistry) were invited to 
coordinate the process of building this new science at the school. 

 The Centres for Telehealth and Teledentistry are defi ned as spaces constituted by 
HEIs, with multidisciplinary technical and pedagogical teams, having as its main 
objectives:

 –    To support the faculty and students in developing skills and competencies in the 
information and communication technologies (ICT) usage as applied to teaching, 
research and healthcare.  

 –   Supporting the teaching-services multidisciplinary health teamwork by  examining 
the demand of teleconsultations and the cataloguing of Formative Second Opinions.    
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 Primary Care Dental Health issue was to updated (available in Portuguese, 
English and Spanish) [ 35 ]. 

 Two postdoctoral students conducted their work focused on the actions of the 
Centre: supporting Telecare actions, with the establishment of a Telehealth unit in a 
Basic Health Unit and organizing the Discipline of Telehealth and Teledentistry for 
undergraduate students (Development and implementation of the Teledentistry 
 discipline and Reference Centre for Development of Teaching Materials FOUSP). 
The centre also responsible for structuring the production of educational material, 
incorporating a mini studio, a living thesis presentation room, that connected pro-
fessor to participate from remote locations, and digital classroom. It is the fi rst 
Teledentistry Centre structured in the country. 

 From these innovative experiences, the Department of Paediatric Dentistry 
 initiated a training program for post-graduation students to be guardians of under-
graduate students, incorporating new skills for the teaching of master degree stu-
dents, in 2008. With the development of educational material: Virtual Human in 
 Evaluation of the contents and the learning object in Teledentistry applied to anaes-
thesia and extraction in Paediatric Dentistry  [ 36 ] and  Design and evaluation of an 
extension course in Atraumatic Restorative Treatment  (ART)  using distance educa-
tion  [ 37 ], made it possible to reach new applications and working partnerships using 
3D animation, developed by the Department of Telemedicine USP (School of 
Medicine, University of São Paulo) (Fig.  9.5 ).

   An analysis of the legal aspects regulating the exchange of sensitive data was 
 conducted by the Centre, to inform the dangers of a communication, which may expose 
the confi dentiality of relevant information of patients. In 2008, a regulatory document 
was developed and submitted to the Federal Council of Dentistry (CFO) [ 38 ]. 

 The Discipline of Telehealth and Teledentistry was developed and offered to 
graduation and post-graduation students, giving them the opportunity to develop 
projects of citizenship action, facilitated by educational technologies geared for 
 different application contexts (awareness campaigns; educational material develop-
ment; mapping cultural opportunities given by the University; among others). 
The applied strategy is to learn by projects in which students are exposed to the 
benefi ts that technology can produce, changing realities in the social and healthcare 
context. The results are very interesting, from projects aimed at student reception at 
the university to mobile applications that protect caregivers with special needs. 

 Other disciplines started their activities with digital content, like Bioethics [ 39 ], 
Prosthetics and Periodontology. The response from students was total involvement 
and a depth of learning. 

 The initiatives mentioned above raised important issues that had to be 
mapped and studied in order to meet the demands of the country’s dental sur-
geons in order to continually improving the quality of dental care offered in 
Brazil. This led Professor Ana Estela Haddad to coordinate a national survey 
project, published in January 2010 under the title Current Profi le and Trends of 
the Brazilian Dental Surgeon, which gathers important data on the distribution 
of dental surgeons and allows a larger view of the needs of education and care 
of the professional [ 7 ]. 
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 These actions concluded with the FOUSP hiring the fi rst Teledentistry professor 
and a technician in order to support the demand in a productive and effi cient manner 
in 2010. During the probation period, Prof. Mary Caroline Skelton–Macedo, under the 
coordination of Prof. João Humberto Antoniazzi and Professor Ana Estela Haddad, 
created a National Network of Teledentistry that would involve Teledentistry initia-
tives in the country. It would also integrate the National Telehealth Program of the 

a
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c

  Fig. 9.5    ( a – c ) Images from three thesis, built on 3D animation, called Virtual Man – FMUSP, 
Brazil       
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Ministry of Health, and making relevant actions through Telecare in Dentistry meeting 
the specifi c needs of this area of knowledge. This project was presented to the Ministry 
of Health [ 23 ]/PAHO [ 24 ], bringing valuable resources to the school and enabling the 
integration of Teledentistry in the Open University of SUS (UNA- SUS) [ 13 ], along 
with ObservRHodonto Network (fi rst observatory of Dental Staff of the country) [ 10 ]. 

 Some of the Telehealth Centres in the country have developed Teledentistry 
activities: Amazonas, Pernambuco, Maranhão, Rio de Janeiro, Rio Grande do Sul, 
Mato Grosso do Sul, Minas Gerais and Goiás. 

 The Teledentistry fi eld of the Federal University of Maranhão (UFMA), in 
 partnerships with USP and UERJ, has developed Extension Courses for self- 
instructional Dentistry with different subjects. These courses will also be available 
in the form of applications of UNASUS [ 13 ]/UFMA or HEI partners that enable the 
offl ine study by mobile responsive technology, which was fi rst used by UFMA in 
UNASUS Network [ 13 ]. There will be thousands of vacancies for courses as it does 
not need to be mediated by mentors and will be available allow free access to the 
partner universities’ platforms as applications. At the end of the course, SAD 
(Document Authentication System) will provide a certifi cation. 

 Another successful experience at UFMA was the offering of the ODL course in 
Geriatric dentistry for Masters and PhD students of the Graduate Program in 
Dentistry. The focus of the course was Primary Care and provided rich forum dis-
cussions, which led to a fruitful opportunity for students to use their academic 
knowledge in the SUS practice. The students were so pleased with the experience 
that they requested more courses with this methodology, not only in PPGO/UFMA 
program, but also in other healthcare post-graduation course in the Institution. 

 Still within the Telehealth Networks Program, the National Network of 
Teledentistry already has some of its items integrating the APS – VHL (Virtual 
Health Library in Primary Care), in the form of Formative Second Opinions (ques-
tions sent to the core of Telehealth and generated structured responses, based on 
clinical and scientifi c evidence presented in the form of questions and answers on 
the program page) [ 12 ]. Currently the library has approximately 700 questions and 
answers, of which approximately 20 % are dental issues. It was raised some inter-
esting information such as: from the 134 Second Opinions on Oral Health topics, 
the most referred were subthemes such as: Paediatric Dentistry, followed by general 
practice, Patients with Special needs, Surgery and Traumatology, Pharmacology, 
Semiology, Endodontic, Periodontics and Oral Health Education. The least required 
were Public Health and Orthodontics. Within each subject, an associated subtheme 
was traced in paediatric Dentistry and general practice. There were a wide range of 
subjects involving dental questions and dental surgeons were responsible for most 
of these questions. There were two questions about Dentistry made by Physicians; 
two questions made by oral health assistant; four questions were made by the 
Community Health; and one question made by a Nurse. Although there is little 
information on this subject, it is possible to verify that other healthcare  professionals 
are interested in this subject. The low usage of the program could be related to the 
fact that the dental surgeons joined the Family Health Strategy more recently 
(in 2000, with the creation of Oral Health Teams). New projects have been designed 
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in order to increase professional involvement as the program offers clinical decision 
support with qualifi ed information. 

 The experiments cited drew attention to educational applications in the virtual 
context, which allows us to resize the classroom and to deliver an investigative 
 content that is more closely related to real life context currently experienced by 
young students. Such students are seamlessly integrated in the ICT in their day -to-day 
activities. What is noticeable is that teachers have much greater resistance to the 
incorporation of ICT than the students, who already make many uses of these inno-
vations and easily understand their educational application. The concept of innova-
tion needs to be understood: the technology is innovative to those born before it, not 
so for those who were born after the  innovation  who incorporated this technology 
into their daily lives, which encourages its use in various fi elds. The professors dif-
fi culties are plausible, but it is noted here that the more they engage with these 
applications, the more importance and comprehension there will be about the con-
cept of citizenship and ethics in the digital scope, facilitating learning and enhanc-
ing aspects such as access to education, optimization, streamlining of processes and 
modifi cation of educational realities in the healthcare context. 

 In 2011 the Centre build the National Network Teledentistry [ 20 ]: Integration 
with Telehealth Programs in Brazil, UnA – SUS [ 14 ] and Observarhodonto Network, 
the Ministry of Health/PAHO [ 25 ], at the Management of Health Education 
Department (DEGES), the Work management department and Health Education 
(SGTES) for the development of resources and training courses for tutors for the 
Open University Programs SUS (Unifi ed Health System) – UNA-SUS [ 14 ] – and 
Telehealth, for the development by the Observatory Network. In the same period, 
there was a partnership with the School of Medicine of the USP by the National 
Coordination for the Improvement of Higher Education of the Ministry of Education 
(CAPES/MEC), titled Interactive Educational Technologies for potentiation of 
Health Education, obtaining resources for infrastructure and development of broader 
signifi cance for Education in Health. 

 At present, the Centre integrates a discussion for open access content, according 
to the principles of  International Open Access movement . In this way, FOUSP is 
developing a repository for educational resources. We study the policy of imple-
menting the use and reprocess of educational material developed in the Faculty, as 
well as a policy of Copyright and Intellectual Property, securing to authors a greater 
number of citations and reuse of the material developed by them, increasing the 
importance of professors’ work in the production of educational resources. Because 
of this action, the Centre integrates the study group for construction of software 
repositories at the University, with the SIBi (Integrated Library System USP). 

 There are currently over 100 courses hosted in the Teledentistry centre Moodle, 
involving spaces used for Undergraduate Courses, Postgraduate, Extension, added 
to the spaces used by Undergraduate and Graduate students to support the work of 
the Interdisciplinary assembly and independent studies groups. 

 Hopefully training teachers with the use of ICT, we can train students to under-
stand the use of electronic tools to improve the health of populations, with innova-
tions of use and applications.     
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    Chapter 10   
 Teleconsultation and Telediagnosis for Oral 
Health Assessment: An Australian Perspective 

                Rodrigo     Mariño     ,     K.     Clarke    ,     D.    J.     Manton    ,     A.     Stranieri    ,     R.     Collmann    , 
    H.     Kellet    , and     A.     Borda   

    Abstract     Oral health informatics is the application of Information and 
Communication Technology (ICT) for problem solving complex and dynamic 
information and system interactions in dental science and oral health, research and 
education. 

 In the last few years, there has been rapid development and expansion of the uses 
of Information and Communication Technology (ICT) and it is presently used in 
many areas of oral health care practice. ICT offers new opportunities to improve 
oral health care by enhancing early diagnosis, facilitating timely treatment of oral 
diseases, and reducing isolation of practitioners through communication with peers 
and consultation with specialists. Above all, ICT offers improved access to care as 
an effective alternative to classic face-to-face oral health professional-patient inter-
action, in terms of both clinical results and cost-effectiveness. Still, compared to 
medicine, teledentistry is rarely used in everyday oral health practice. 
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 This chapter reviews developments in teledentistry, outlines the benefi ts of 
 applications in teledentistry and provides information on the rationale for the use of 
teledentistry. A second part provides an overview of teledentistry and its uses in dif-
ferent scenarios based on experiences in various research projects in the areas of 
teleconsultation and telediagnosis in Australia. These are projects that represent 
responses to the serious dental workforce shortage in underserved Australian 
 communities and are equally applicable to many countries facing the same issue.  

  Keywords     Residential aged care facility   •   Intra-oral camera   •   Periodontal 
 examination   •   General dental practitioners   •   Cleft lip and palate   •   Plain Language 
Statement  

10.1         Introduction 

 The concept of teledentistry involves the application of a variety of information 
and communications technologies (ICT) to facilitate and extend oral healthcare for 
patients who are physically located at another site from the oral health  professional. 
The application of teledentistry suggests a range of possible benefi cial applica-
tions, such as the effi cient delivery of health records, improved  communication 
between providers and patients, and enhanced education opportunities [ 6 ,  8 ,  21 ]. 
Today’s high resolution and reliable digital and online technology facilitates con-
nectivity for remote oral health promotion, education, and assessment. 

 Despite the fact that telemedicine has been in use for over 30 years: for consulta-
tion, diagnosis and treatment in a broad range of medical fi elds, there has been little 
use of similar ICT-focused practices within the dental profession [ 17 ]. 
Notwithstanding the relatively slow adoption of teledentistry in recent decades, the 
implementation of teledentistry is increasing, most notably in the United States and 
Europe [ 18 ]. Teledentistry has the potential to enhance dental care through early 
diagnosis, facilitating timely treatment of oral diseases, reducing isolation of prac-
titioners through communication with peers and consultation with specialists, and 
by improving access to care. It also addresses the practitioners’ increasing demand 
for distance learning, as well as oral health promotion and health education of the 
population. If the practice of teledentistry parallels that of telemedicine, people liv-
ing in rural or under-served areas are among those that will benefi t most from ICT 
usage in dentistry [ 2 ,  4 ]. For example, regional and remote Australia has major oral 
health workforce shortages, in particular, oral health specialists (i.e. oral patholo-
gist, special needs dentist). Teledentistry also provides the opportunity for the 
 primary care practitioner to be involved in the oral diagnosis and development of the 
treatment plan for distant patients [ 11 ]. 

 The potential of teledentistry is vast, however a signifi cant shortcoming of the 
current oral health system is its failure to take advantage of innovations in health 
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promotion and e-technologies to infl uence how people assume more responsibility 
for their own oral health. This failure is also impacted by the paucity of research 
informing oral health practices and identifying innovative ways to utilise ehealth 
and mhealth to make both preventative and care intervention programs more acces-
sible, particularly for those living in rural Australia. 

 In this chapter developments in oral health informatics are reviewed; the ben-
efi ts and rationale for the use of teledentistry identifi ed and outlined. A second 
part provides an overview of teledentistry and its use in different scenarios based 
on experiences in various research projects in the areas of teleconsultation and 
telediagnosis, created as responses to the serious dental workforce shortage in 
Australia. The described project targeted underserved, high-risk populations with 
great oral health care needs to assess whether improvements in accessibility and 
appropriateness of oral health services can be achieved by using ICT to screen for 
oral health problems.  

10.2     Benefi ts of Teledentistry 

 As the capability of ICT has risen, a wide range of possible benefi cial applications in 
different fi elds have emerged [ 6 ,  8 ,  10 ]. Expanded use of ICT has provided dental clini-
cians with alternatives to the traditional face-to-face oral examination. This shift in 
focus has resulted in a vast increase in the number of trials that include some form of 
either synchronous or asynchronous, teleconsultation/telediagnosis [ 18 ]. Thus, a suc-
cessful translation of this technology into clinical practice has the ability to extend oral 
health care and improve access to care for additional patient populations at a reason-
able cost, as well as to address the shortage of oral health professionals. 

10.2.1     Improvements in the Quality of Services 

 In the case of residential aged care facility (RACF), by capturing video images 
locally, staff members avoid the disruption and diffi culty of arranging transport for 
the residents to visit a dentist. There is anecdotal evidence from RACF staff that the 
stress imposed by travel to a dental surgery can lead to complete non-compliance 
with the dental examiner, to the point where attempts at oral examination are 
 abandoned. This leads to further travel and reluctance on the part of patient and 
practitioner to repeat the process. 

 A timely diagnosis and follow-up appointment would improve quality of life of 
patients, as well as equity and access to expert dental care for patients living in regional 
areas; it can reduce the cost of treatment and the need to travel to urban centres to be 
seen by specialists, because dental problems can be identifi ed via teledentistry. This 
reduces stress on residents and boosts their confi dence that they are ‘in good hands’.  
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10.2.2     Improvements in the Quality of Care 

 The availability of high defi nition vision at the desktop enables a specialist clinician 
to use their time effi ciently by reviewing data from multiple patients in one sitting, 
and prioritise appointments. For example, visiting domiciliary dentists will be aware 
of the exact nature of the problem before they arrive, this will result in time savings 
during treatment. They are able to plan a visit to treat the resident that coincides 
with other patients in the area, creating greater effi ciency. The oral health profes-
sional will also be provided with better means of identifying older adults who 
require a diagnostic examination by a dental specialist. 

 Regarding specialist care, more patients can receive assessment and treatment, 
since patient care will be effectively triaged at the community level for subsequent 
care in a specialist centre. Thus, the approach would reduce waiting lists, a major 
problem in Australia due either to dental workforce shortages or its uneven geo-
graphic distribution. In addition, scarce resources are being utilised more effi ciently.  

10.2.3     Societal Perspective 

 Teledentistry can reduce health care inequalities, giving underserved communities 
better and fairer access to adequate oral health education, health promotion and 
 disease prevention, diagnosis and treatment; as well as access to specialist dental ser-
vices [ 5 ,  23 ]. People living in rural/remote or underserved areas are among the most 
in need of oral healthcare in their communities [ 2 ,  4 ]. Many rural/remote communi-
ties lack the clinical infrastructure and fi nances that are required to attract specialist 
dentists. Teledentistry can reduce the effect of remoteness by allowing oral healthcare 
providers in rural areas to seek advice from specialists in urban settings [ 2 ,  4 ]. 

 An additional improvement from the patient’s point of view arises from the 
greater convenience of being seen at a local dental clinic. Patients living in rural/
remote areas who are referred to dental care providers in urban locations must travel 
to these locations which is often expensive, time consuming, and potentially stress-
ful, particularly for the elderly. Teleconsultation helps general dental practitioners 
to consult with dental specialists for diagnosing a specifi c clinical condition, or to 
provide support for a colleague’s clinical treatment decisions [ 9 ]. If an appropriate 
treatment plan can be devised prior to a direct patient-specialist visit, at least one 
preliminary appointment for the patient may be avoided [ 22 ]. 

 From the health care system and societal perspective, the impact will be in the 
satisfaction of knowing that patients access appropriate care, and that scarce 
resources are being well utilized. In general, early intervention for dental problems 
reduces subsequent treatment costs and general health complications. 

 This also means that the high costs of patient stay at a hospital, and costs for 
numerous visits by the dentist have been avoided (note: in Australia adult dental 
care is not claimable under Medicare). Overall, teledentistry offers lower costs for 
higher quality care. Thus, the case for funding would be bolstered. 
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 There are large potential savings for the health care system by allowing early 
intervention for dental problems by reducing the consequences of preventable oral 
health conditions (i.e. poor oral hygiene) such as dietary limitations and aspiration 
pneumonia amongst other chronic conditions. Substantial cost savings could also be 
made by minimising unnecessary journeys by specialist and support services. Public 
oral health care providers are short staffed and have long waiting lists. These  savings 
would easily cover the cost of teledentistry implementations.  

10.2.4     Digital Patient Recording and Record Repository 

 Associated patient data can be transferred simultaneously over the network 
 connection. Data collected will be useful as a starting point for a large oral health 
record repository, which would combine digital records with periodontal and hard 
tissue charting, treatment notes, both moving and still images, and X-ray images. 
This combined patient record with searchable metadata would be stored in a 
 central repository for further review, teaching and later dental health informatics 
research. 

 On the other hand, the implementation of these programs would create additional 
recurrent costs of maintaining the ICT equipment, such as cameras and laptops, as 
well as the central store and forward audio/video repository. These costs would 
need to be borne by an agency currently not bearing that cost. It could also create 
increased demand and pressures on existing dental services which may not be able 
to meet current demand. Teledentistry would also require workfl ow changes by den-
tal specialists, which need to be taken into consideration. 

 In telehealth scenarios, various factors can affect data quality. Some of these may be 
anticipated and addressed, such as calibration of remote devices. Such issues may need 
to be elucidated before a wider implementation in which qualitative and human factors 
research, for instance, can highlight junctures where data quality, currency or timelag 
issues could be addressed. Digital data handling and management in teledentistry prac-
tice may additionally require renegotiation across stakeholders, depending on the 
source and intended purpose, format and expected longevity of the data [ 1 ,  12 ,  13 ].   

10.3     Teledentistry ‘Down Under’ 

 Face-to-face patient examinations are regarded as the most accurate method for  correct 
oral health diagnosis. However, rural and regional Australia has major oral health 
workforce shortages, in particular, oral health specialists (e.g., oral medicine, paediat-
ric dentistry, maxillo-facial surgery). For example, to see a specialist, there is often a 
long waiting list for both consultation and treatment. Teledentistry seeks to provide 
and/or support oral health care in areas underserved by dental practitioners, transcend-
ing social, geographic, and cultural barriers [ 7 ]. This can also translate into reduced 
costs, improved patient outcomes and greater access to quality dental care [ 24 ]. 
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 This section presents results from three teledentistry projects: a proof-of concept 
study, a study targeting older adults living in residential care, 1  and another targeting 
children and adolescents living in regional and remote areas of the Australian state 
of Victoria. These studies investigated the use of teledentistry to provide an addi-
tional step in closing the gap in the provision of sustainable oral health care services 
to high-risk populations living in underserved areas, with extensive oral health care 
needs. The studies aimed to test an oral health model in which ICT was used with 
the objective of extending clinical care to patients who were physically separated 
from the examining oral health professional. 

10.3.1     Proof-of-Concept of Teledentistry Technology 

 As a fi rst stage a proof-of-concept study was undertaken to test the feasibility and 
reliability of using videoconference and intraoral cameras by a trained teledentistry 
assistant for screening of patients for oral diseases and conditions and development of 
treatment plans in real-time compared to traditional face-to-face oral examinations. 

 A teledentistry installation was organised using a SOPROLIFE® 2  intra-oral cam-
era (Acteon, France) was used to capture video via a custom video streaming soft-

1   A more detailed description of these studies can be found in: Mariño et al. [ 20 ]. 
2   SOPROLIFE: Light Induced Fluorescence Evaluator.  http://www.soprolife.com/ . Accessed 23 
Jan 2014. 
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  Fig. 10.1    Teledentistry installation diagram       
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ware platform designed for the project. Simulations were conducted in the Institute 
for Broadband Enabled Society (IBES   http://broadband.unimelb.edu.au    ) test-bed 
facility. The intra-oral camera was connected via a USB cable to a laptop or mobile 
tablet used for bedside evaluations, containing the software that compressed and 
encoded the 25 frame-per-second video into an MP4 (Mpeg-4  multimedia fi le) 
video stream of a minimum of 3 Mbit/s data transfer rate – and preferably using 
5 Mbit/s bandwidth if network conditions allowed (See Fig.  10.1 ). These band-
widths gave the clinician suffi cient resolution quality to interpret the images received 
and also removed image blurring due to camera motion [ 19 ].

   The clinician viewed the incoming video via a PC connected to a large monitor. 
The large screen facilitated simultaneous viewing of both the intra-oral camera 
video as well as that from a second web-cam, a high defi nition Logitech model 
C920 model, capturing the overall interaction between patient and the intra-oral 
camera operator. This was also streamed as an mpeg4 video of minimum 3 Mbit/s 
bandwidth. Mpeg4 audio was also transmitted at 128 kbit/s along with the images 
via the use of Clear One Chat 50 model microphone/speaker units also connected 
via USB cables. This allowed excellent quality audio communications between the 
patient and clinician nodes. 

 Fourteen volunteer patients received two oral examinations. One examination 
was a standard real-time (the clinician present in front of the patient) full mouth oral 
health examination including dental, periodontal and oral mucosal assessments. 
A second and ‘virtual’ examination was conducted using an intraoral camera oper-
ated by a teledentistry assistant in communication with a remote examiner who was 
also a registered oral health professional. The information obtained from this exam-
ination was video recorded and an oral health professional performed a ‘virtual 
dental examination’. Findings were recorded in conventional dental charts. 

 Information from the remote examination was compared with a real-life dental 
examination. The level of intra-examination reliability for the degree of consistency 
of the two sets of examinations was assessed using the kappa statistic. The intra- 
examiner agreements for dental and periodontal examination parameters were 
reported as excellent, 0.94, and good, 0.74, respectively. These results indicate that 
the proposed teledentistry approach for oral health screening using an intraoral 
camera proved to be feasible and reliable as an alternative to traditional oral health 
examination.  

10.3.2     Field Testing of Teledentistry Technology 
in Residential Aged Care Facilities 

 This study represented fi eld testing of teledentistry technology to enhance older 
adult assessment in residential aged care facilities to provide regular and timely oral 
health checks using trained non-oral health professional assistants in the fi rst 
instance. Improvements in oral health in Australia over the past 50 years have trans-
lated into a greater proportion of elderly individuals retaining more of their natural 

10 Teleconsultation and Telediagnosis for Oral Health Assessment

http://broadband.unimelb.edu.au/


108

teeth, increasing the prevalence of caries and periodontal disease. Older people 
 living in residential aged care facilities (RACFs) have been identifi ed as a signifi -
cant risk group for oral diseases in Australia, and the changing demography and oral 
health needs of older Australians will present many challenges for the dental profes-
sion over coming decades. 

 In 2005 more than 41,000 Victorians lived in high or low-care residential facili-
ties on a permanent basis; with just over half being dentate and having high dental 
treatment needs [ 3 ,  15 ]. However in Victoria only 11 % of aged care facility  residents 
have seen a dentist in the past 12 months, as there are few dentists available to pro-
vide dental care for residents [ 14 ,  16 ]. Furthermore, older people are  proportionately 
over-represented in rural and regional Australian communities and these communi-
ties are ageing more rapidly than their metropolitan counterparts. Therefore, this 
intervention potentially targets a rapidly expanding segment of the population with 
special oral health needs. 

 Three RACFs within the state of Victoria, Australia, were successfully 
approached to participate in this stage; two in metropolitan Melbourne and one in 
rural Victoria. Five non-oral health professional teledental assistants (e.g., regis-
tered nurses) in these facilities were trained to manipulate an intraoral camera and 
use existing and introduced ICT infrastructure to transmit video images for remote 
examination and diagnosis. A manual was prepared to assist them with use of the 
intraoral camera and teledentistry procedures. 

 Once informed consent was provided, patients underwent a baseline assessment 
performed at the RACF, by the intraoral camera operator. A review system was 
established within the Melbourne Dental School, The University of Melbourne 
(MDS), either as a two-way interactive consultation, or stored and forwarded repos-
itory maintained by the MDS. A Store and Forward version was developed that 
enabled the mpeg4 fi le to be stored on a central server for asynchronous download 
by the dentists. Each examination lasted approximately 15 min and each minute of 
video created a fi le of approximately 1 GB. 

 Fifty residents from the three RACFs participated in the trial. A total of fi ve 
trained intra-oral camera operators (registered nurses) recorded, and transmitted 
video images to qualifi ed clinicians at the MDS who performed a ‘virtual dental 
examination’, recorded fi ndings and developed a treatment plan for each participat-
ing resident. Results of the examination of each participating resident were com-
municated back to the RACF. 

 The study also aimed to identify barriers to the adoption of a teledental approach. 
On completing the virtual oral examination each participant was asked to complete 
a seven-item assessment questionnaire to assess his/her views on the teledentistry 
approach. As further verifi cation of the scheme, there was an interview with the 
RACFs teledentistry staff to assess their attitude, acceptance and practice of the 
approach and to discuss any other issues encountered by them during the project. 
Residents expressed high levels of satisfaction with the teledentistry service. 

 Additionally, the trial tested the utility of an instructional training kit, and assessed 
residents’ views of their overall experiences during delivery of the program, as well as 
feedback and information provided during the teledentistry consultation itself. There 
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was general agreement that the material presented was clear and relevant to the pur-
poses of this project. RNs also agreed that the scope of the material was appropriate.  

10.3.3     Field Testing of Teledentistry for Paediatric Dentistry 

 The project targeted children and adolescents living in traditionally underserved 
regional and remote locations within the Australian state of Victoria to provide them 
with sustainable dental services. These are high-risk segments of the population 
with special oral health needs. The conjecture was that initial assessment by a con-
sultant, using teledentistry, would decrease the number of times a patient would 
need to attend the Royal Children’s Hospital in Melbourne (RCH) to see a specialist 
(i.e. orthodontist, paediatric dentist). In addition, the use of teleconsultation can 
help to categorise treatment priority and avoid the need for the patient to travel to an 
often distant centre for assessment. 

 In this study, three general dental practitioners (GDP) working in community 
dental clinics in Victoria (Rosebud, Shepparton, and Geelong) were trained to 
manipulate an intraoral camera and use existing ICT infrastructure to communicate 
with the dental specialist at RCH and transmit video images for remote examination. 
Training was provided for the GDP involved in the project and a manual was pre-
pared to assist with use of the intraoral camera. A review system was established 
within the RCH as a two-way interactive consultation, almost equivalent to a real- 
time examination. 

 The trained GDP identifi ed the reason for consultation, manipulated the intraoral 
camera and recorded fi ndings for each participant. An off-site paediatric dentistry 
consultant located at the RCH, performed the ‘virtual dental examinations’. The 
remote examiner screened patient and assessed their need for future intervention 
and provided advice on treatment to each participating patient and to the GDP and 
health staff at the local Community Health Centre. The remote examiner provided 
advice and follow-up to the GDP on how to manage the condition locally or refer for 
specialist care. 

 Participants were recruited from the RCH’s patient database for cleft lip and 
 palate (CL&P) and orthodontics living in the selected locations. Patients were intro-
duced to the study by the GDP. When the patients, or their primary carers, expressed 
interest in participating, each received a Plain Language Statement describing the 
study and a Consent Form. Once informed consent was provided, patients under-
went a baseline assessment. In common with the previous project, patients/parents 
of patients participating in the study completed a questionnaire to assess their expe-
riences of the various aspects of the program; satisfaction, acceptance and practice 
of the teledentistry approach and to discuss issues associated with the project. 

 Forty-three remote assessments/consultations were conducted in two specifi c 
 specialist service areas; 27 CL&P patients, and 15 in orthodontics. Additionally, one 
patient presented with Cohen’s syndrome. Age ranged from 1 year and 11 months to 18 
years of age. The largest group of patients (41.9 %) was between 4 and 8 years of age. 
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For most patients (82.9 %), the outcome of the consultation was the avoidance of trips 
to the centrally located RCH for initial assessment and/or follow- ups. Accordingly, 
approximately two-thirds of the parents who answered this question (75.6 %) com-
mented that the most valuable element of the remote dental examination was the 
avoided disruption, diffi culties and cost of arranging travel to the city to visit a dental 
specialist.   

10.4     Outcomes 

 The major outcome was the trial of alternative models to provide specialist services 
to traditional oral health services provision in remote and underserved areas. The 
approaches provided general and specialist oral health care support to the local 
facilities to assist in regular and timely oral health checks using a GDP or trained 
non-oral health professional assistant in the fi rst instance and specialist dental 
 services when the required treatment was identifi ed. 

 There was also evaluation of the support program and instruction kit for  operators, 
including the structure, content and delivery of the program, as well as the relevance 
and appropriateness of the information provided. In summary, these fi eld trails 
provided:

    (i)    initial evidence on how teledentistry might improve access to specialist care;   
   (ii)    a pathway to improvements in the quality of care arising from consultant den-

tal specialists being aware of the exact nature of the problem before the patient 
arrives;   

   (iii)    identifi cation of potential broader community benefi ts such as information on 
the level of convenience for both the family and the dental specialist; and   

   (iv)    evidence of the generally excellent levels of acceptance of the virtual examina-
tion by patients and professionals working with children and the elderly.      

10.5     Final Remarks 

 Building on these experiences, the next step will be the testing of an on-site oral 
health care model that can combine health promotion, remote oral examination and 
treatment plan development with a triage system, which can trigger different levels 
of clinical and preventive intervention by different oral health professionals (dental 
therapists/dental hygienists/technicians, dentists, dental specialists, etc.). As this 
will increase demand for local oral health care services, the proposed model will 
need to incorporate treatment opportunities to address the additional demand. For 
example, the remote examiner might provide advice to local health staff (or carer) 
on how to maintain the oral health of the participant, or provide advice to local pri-
vate dentists with respect to the need for, and timing of, specialist care. Where these 
are not possible or available, and to avoid increased demand for local oral health 
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care services, the proposed model would incorporate alternative service delivery 
systems to address the identifi ed demand for dental care for older population groups 
in non-traditional settings. 

 Moreover, there are very few reports regarding the cost-effectiveness of teleden-
tistry, so further studies in health economics are required before the widespread 
implementation of teledentistry into public health facilities, child-care centres, 
schools and clinical practices can be undertaken. The costs and benefi ts of 
proposed models should be measured to ensure that cogent arguments for future 
funding – utilising mechanisms that refl ect the advantages accrued including 
 service sustainability in the long-term – can be made to Government and philan-
thropic interests.     
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