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Executive summary

This white paper summarizes the main issues
currently affecting the provision of endodontic care.
It provides a reference and tool for dentists, national
dental associations and other oral health actors,
outlining what endodontics is, why it is important
and what can be done to improve endodontic
outcomes and health.

The first section outlines the scope of endodontics,
describing the aetiology of endodontic conditions
and how changes to the pulp and periapical tissue
determine current endodontic diagnoses (Sections
11 and 1.2). It then discusses why endodontic
conditions are important and addresses the
prevalence and burden of endodontic disease.
Untreated endodontic conditions can have a
significant impact on quality of life, particularly
through craniofacial pain, the inability to chew,

and disturbed sleep. The potential connections
between endodontic disease and overall health,
and their implications for the importance of
endodontic care, are also considered (Section 1.3).
Section 1 concludes with an overview of endodontic
prevention and treatment. The measures that can
be taken inside and outside the dental practice to
prevent pulpal and periapical disease are discussed,
followed by a summary of endodontic procedures
to treat disease when it manifests, including their
indications and objectives. While this summary
describes the scope of endodontic treatment

from regenerative and reparative procedures to
surgical endodontics, the standard of endodontic
care varies worldwide according to a variety of
contextual factors, as discussed at the end of this
section (Section 1.4).

Section 2 addresses the current challenges faced
in providing endodontic care and maintaining
health. Most quality criteria and treatment outcome
measures have historically focused on technical
goals and clinical symptoms after treatment. The
development of more patient-centred outcomes,
such as those focused on teeth retention, quality of
life, and overall health, can ensure that endodontic
care addresses and is measured against a broader
spectrum of health outcomes as valued by the
patient (Section 2.1). Beyond measurement, a

range of contextual challenges exist to achieving
and maintaining these outcomes. They include
challenges related to health systems, regulation of
oral health care, dental education, the availability of
resources, and patient perceptions of endodontic
procedures (Section 2.3).

The third section of this white paper builds on
the challenges identified and discusses ways

in which they could be tackled to improve

and maintain endodontic health. While the
appropriate strategies to work towards this goal
vary considerably according to national context,
some general principles and possible solutions
are discussed (Section 3.1). The paper concludes
with a call to action, inciting stakeholders to work
towards the accessibility and provision of optimal
endodontic care and improved endodontic health
worldwide (Section 3.2).
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Section 1 Definitions, Scope and Relevance of
Endodontics and Endodontic Health

11 What is endodontics?

According to the glossary of the American
Association of Endodontists’, endodontic therapy
relates to “the aetiology, diagnosis, prevention and
treatment of diseases and injuries of the pulp and
associated periradicular conditions”. According

to @rstavik and Pitt Ford?, the biological aim of
endodontic therapy is to “either prevent or cure
apical periodontitis”. The most frequent cause of
pulpal and periapical disease is deep dental decay
(caries)?; however, dento-alveolar trauma and
certain periodontal conditions and their respective
sequelae may also lead to endodontic disease.
The scope of endodontic treatment includes
regenerative procedures and dental traumatology
to prevent microbial entry and subsequent host
defence effects. Importantly, it is vital pulp therapy,
an occasionally overlooked area of endodontic
treatment, that is likely to address patient needs on
a global scale. This should include screening for
pulpal status as a routine diagnostic step.

Endodontic societies and textbooks suggest certain
quality criteria and competencies*®. Historically,
these criteria have focused on technical goals, such
as the appropriate working lengths, effectiveness

of irrigation, and root canal filling quality; in most
cases, these criteria apply to a best-case scenario
where both patients and providers have access to
unlimited resources. In contrast, basic root canal
treatment (BRT) has been described as effective and
comparable to standard endodontic treatment®”’.

Primary clinical goals of eliminating pain and
infection notwithstanding, the long-term goal of
endodontic treatment is the preservation of a natural
dentition, including oral function and oral health.
Consequently, endodontic health may be defined

as the absence of any clinical and sub-clinical
symptoms, while retaining all dental functions
required for oral health®.

1.2 Aetiology and disease: why do
we perform endodontic treatment

The first line of defence in endodontic therapy

is prevention of dental decay. This recognizes

that dental caries and its associated microbiota,

if not removed before pulpal disease becomes
irreversible®?, lead to changes in pulpal
microcirculation. Consequently, the process may
become unstoppable, as the local absence of

blood supply allows further and deeper entry of
pathogens into the root canal system. Predominantly
gram (-) flora and their cell wall components,

e.g. lipopolysaccharides or LPS, then drive periapical
bone resorption, and apical periodontitis is
ultimately established?™. This process may occur
with or without clinical symptoms, both at the

pulpal and the periapical disease stage, due to the
on-going, but variable, level of interplay between
irritants and host defence™.

Dental trauma may, in the case of deep crown
fractures, give oral microorganisms direct access

to the pulp space. In case of luxation-type injuries,
the blood supply is compromised or lost at the level
of entry into the pulp and, subsequently, the dental
pulp becomes necrotic. When secondarily infected,
this avascular pulp space is also associated with
apical periodontitis.

Pulpal changes are often detected indirectly via
patients’ responses to thermal or electric stimuli,
while changes in periapical bone are visible only in
radiographs. The diagnostic efficacy of conventional
pulp testing is about 80% or higher"; however, the
inability to detect asymptomatic cases of pulpal
disease and the lack of correlation between
disease severity and test outcomes are significant
shortcomings of current pulp tests.

Periapical changes may be detected via pain on
percussion or palpation, while changes in bone
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mineralization are historically visualized in periapical
radiographs. More recently, cone beam tomography
has been introduced into endodontic practice in
some countries™. While this technology can detect
three-dimensional bone content, and therefore is
more accurate in showing apical changes, it does
not determine the degree of inflammation and
infection and requires sequential imaging to assess
healing trends.

Through determining pulpal and periapical
conditions, typical endodontic diagnoses are
developed in the clinical setting. The current and
widely-adopted terminology was established at

the AAE Consensus Conference in 2009 and

is used unaltered today'. As indicated in Table 1,

an endodontic diagnosis in the current system is

a dual diagnosis, with a description of pulpal and
apical conditions, respectively. Treatment modalities
have been developed to address acute and chronic
disease conditions.

TABLE 1 Current diagnostic terms describing
pulpal and periapical diseases

Sinus
Diagnosis Sensitivity Pain  Radiolucency

tract
Healthy pulp yes no no no
Reversible es es/no no no
pulpitis y y
Irreversible s es/no o o
pulpitis y y
Condensing es no radiopacit no
osteitis y pactty
Necrosis no no no no
Symptomatic
apical no yes yes/no no

periodontitis

Asymptomatic
apical no no yes no
periodontitis

Acute apical

no es
abscess y

yes/no no

Chronic apical

no no es
abscess y

yes/no

Adapted from Arens DE, Gluskin AH, Peters ClI, Peters OA. Practical lessons in
endodontic treatment. Chicago: Quintessence Publishing; 2009.

It is important to note that these current diagnostic
terms, while of superior utility in the current dental
practice model, focus primarily on local conditions
and do not include any oral health terminology. In
this regard, current concepts address a patient’s
condition along the triad of disease, illness and
sickness™ and should in the future address potential
and actual connections between endodontic
conditions and oral and overall health™". They also
have other shortcomings, such as lacking a clear
definition of what biologically separates reversible
from irreversible pulpitis.

1.3 Importance of endodontic
health for general health
and epidemiology

About 4 billion people were, in 2013, reportedly
afflicted with oral diseases, with untreated caries
accounting for 35% of the cases and more than
65% of the individuals®. The high prevalence and
the recurrent nature of dental caries, as well as
periodontal disease, result in direct annual costs of
US$102 billion in the United States alone™ and an
estimated US$300 billion worldwide?°. Moreover,
there is growing inequality in oral health between
and within countries?"23,

Pulpal disease is frequent, with estimates of the
proportion of people affected ranging from 16.4%2*
to more than 30%2%; however, irreversible pulpitis
may not be painful, and therefore undetected,

in up to 40% of cases?®. For people who receive
regular dental care, emergency visits for endodontic
treatment appear to be relatively low, with an
incidence of 5-14%2%’. On the other hand, the overall
burden of often asymptomatic apical periodontitis is
believed to affect 40-50% of individuals, increasing
with age and the number of root canal-treated
teeth?. As dental caries is highly prevalent in
developing countries with access to sugary food, the
estimated need for dental treatment of pulpal pain is
also high and often results in extractions. No current
figures are available regarding worldwide needs for
endodontic treatment due to trauma, but it has been
estimated to affect up to 1 billion people®.
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The impact of unmet endodontic treatment needs
on Quality of Life (Qol) is obvious and substantial,
specifically when QoL is impacted by craniofacial
pain and the inability to sleep. Liu and colleagues®®
estimate that patients requiring more extensive
endodontic care are more likely to have poorer
oral health-related QoL, with endodontic treatment
leading to improved QoL3°3'. In those studies,

QoL is measured by versions of the Oral Health
Impact Profile (OHIP), which assesses self-reported
dysfunction, discomfort, and disability.

Endodontic disease is distinctly different from

“focal infection”3233, The focal infection theory

held that bacteria concealed in portions of a

treated root canal system could somehow escape
and lodge in distal organs, causing, for example,
arthritis and diseases of the kidney, heart, nervous,
gastrointestinal, endocrine and other organ systems.
It was believed, but never proven, that the extraction
of root canal-treated teeth would heal systemic
diseases. The focal infection theory, as the basis for
wholesale tooth extraction, was widely discredited
in the 1950s with the advent of controlled laboratory
and clinical studies in endodontology. Moreover, it
became clear that the removal of teeth or tonsils,
which were also suggested as a potential source of
harmful bacteria, did not eliminate diseases that had
been thought to be caused by focal infection.

On the other hand, possible connections between
oral disease and overall health have been
increasingly studied in the last two decades.

In periodontics, there have been reports of
associations between active periodontal
inflammation and significant health problems,

such as cardiovascular disease. Recent studies
have shown the relationship between tooth loss,
the associated lacking masticatory function, and
the development of different types of cancer and
mental disease3*¥. Conversely, research shows
that chewing may help improve cognitive function
and be beneficial to Parkinson’s disease patients®.
It must be mentioned that association and a cause-
and-effect relationship are systematically different,
and the latter has not yet been demonstrated.
Nevertheless, it has been suggested, similar to
the term “periodontal medicine”, to establish
“endodontic medicine”, accounting for the fact

that diseases of the pulp and periapical tissues are
occurring in a larger context — within the human
body. On this matter, there are known systemic
diseases and conditions, such as diabetes or
systemic immunosuppression, that harm endodontic
outcomes and can result in specific endodontic
entities, such as acute abscesses, that reduce
overall health.

1.4 Endodontic treatment and
prevention of disease/trauma

Prevention of pulpal and periapical disease
addresses their most common causes, which are
dental caries and trauma. Primary and secondary
prevention of dental caries are required to stop
progression to the pulp and onset of pulpal disease.
Population-level approaches, such as community
water fluoridation and sugar-reduction policies, as
well as individual-level interventions in the clinic,
are needed to advance primary dental caries
prevention®3°, Clinical measures include nutrition
and hydration counselling, oral hygiene education,
and professionally applied gels, varnishes and
sealants. Even when dental caries manifests in a
patient, secondary prevention measures can arrest
and regress the process, preventing its progression
to the pulp and the need for endodontic treatment.
Many of the strategies for primary prevention

are applicable to secondary prevention if dental
caries is diagnosed early and lesion activity is
adequately assessed*%°.

Improving the safety of the environment is the most
important aspect of oral trauma prevention. Policies
to improve road safety, reduce violence in the
home and school, and increase the use of adequate
helmets, facemasks and mouth guards in certain
sports are good examples of ways in which oral
trauma can be prevented*.

1.441 Scope of treatment: Regenerative/reparative
procedures

Vital pulp therapy offers significant benefits if
microorganisms’ access to the pulp is limited in
amount, virulence, and time*. Conversely, when the
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pulp is necrotic, regenerative procedures may be
selected to treat periapical disease and manage
root growth. The following table illustrates principal

avenues of endodontic treatment aimed to retain or
repair a functional pulp.

TABLE 2 Retention or repair of a functional pulp

Pulp capping

Pulpotomy apexogenesis

Guided pulpal repair

Indications Deep carious lesions near viable Coronal pulp sections are Immature teeth with necrotic
pulp (indirect pulp capping) irreversibly inflamed or infected, pulps in which additional growth
or pulp exposure through and preservation of pulp vitality in root wall thickness and length
non-infected dentine (direct is desired is desired
pulp capping)

Objective Protect vital pulp from additional As a definitive procedure, maintain Promote healing of apical

injury and allow healing and repair

the vitality of the radicular

pulp when the coronal pulp is
exposed or diseased, or alleviate
symptoms of pulpal disease as an
interim procedure

periodontitis and retain a
functional dentition, ideally restore
structure, including dentin and
root wall, as well as cells of the
pulp-dentin complex

Main procedure

Removal of caries from the
tooth and treatment of the
remaining dentine or application
of biocompatible material on the
exposed pulp

Surgical removal of the coronal
pulp and capping of the radicular
pulp at the appropriate level

Canal debridement and
disinfection, eliciting of apical
bleeding with ingress of stem
cells and mediators as well as
formation of scaffold to promote
continued hard tissue formation in
the canal space

1.4.2 Scope of treatment: Non-surgical root
canal treatment

If dental caries progresses to affect the pulp beyond
the point of possible repair, non-surgical endodontic

TABLE 3 Removal of diseased pulp

therapy is required to retain the affected tooth. The
extent of the therapy is dependent on the level of
progression and vitality of the pulp. The table below
illustrates the principal treatment spectrum in root
canal treatment.

Apexification

Root canal treatment

Root canal retreatment

Indications Teeth with immature root Irreversible pulpitis or necrotic Continued periradicular disease
development and a necrotic pulp,  pulp, cracked or fractured teeth or symptoms due to failure of a
in which an apical hard tissue with significant pulpal involvement, previous root canal treatment
barrier is desired or as elective treatment

Objective Management of cases with Eliminate pulpal and periradicular ~ Eliminate pulpal and periradicular

wide root canals and immature
apical foramina that require root
canal treatment

disease, and promote healing of
the periradicular tissue

disease, and promote healing of
the periradicular tissue

Main procedure

Canal debridement and long-
term disinfection with medication,
allowing for hard tissue deposition
or placement of apical plug with
biocompatible material

Mechanical debridement of the
canal system, followed by shaping,
irrigation, and filling

Removal of existing canal filling
material, complete mechanical
debridement of the canal system,
followed by shaping, irrigation,
and filling
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1.4.3 Scope of treatment: Surgical endodontics

Some presentations of pulpal and periapical disease
cannot be treated using non-surgical interventions
and require surgery to alleviate pathosis and prevent

further damage. Dental trauma often requires
endodontic treatment to resolve or prevent pulpal or
periapical disease. The treatment given will depend
on the type of injury. The following table illustrates
examples of surgical endodontic treatment.

TABLE 4 Endodontic surgery and treatment of the traumatized dentition

Incision and

drainage/
trephination

Apical surgery

Resective therapy

Treatment of
traumatized teeth

Indications Accumulation of fluid in Periradicular disease Periradicular disease or Traumatic events, such
soft or hard tissues that ~ that cannot be root defects that cannot  as crown/root fractures,
cannot be accessed addressed through be treated with root luxations and avulsions
through the root canal root canal therapy or canal therapy or apical and alveolar fractures

endodontic retreatment,  surgery, periodontal
or overextension of a defects, or crown and
root filling vertical root fractures
Objective Reduce fluctuant Treat pathosis in Alleviate periradicular Successfully reposition

swelling of soft tissue,
promote repair of
affected tissue, and
prevent damage to teeth
and other structures

the radicular pulp
and periradicular
tissue and prevent
further progression

disease or canal and/

or coronal defects;
alleviate signs and
symptoms of crown and/
or root fracture

a tooth that has been
displaced from its socket,
achieving re-attachment
of periodontal ligament
fibres to retain

function; promote

root development in
immature teeth

Main procedure

Opening of the soft or
hard tissue to remove
accumulated fluid, using
a drain if necessary

Removal of diseased
periapical tissue,
resection and retrograde
filling of root sections
that cannot be treated
through root canal
therapy, or intentional
replantation of teeth
that cannot be treated
with conventional
endodontic surgery

Surgical removal of one

or more roots, or one or

more roots and a portion
of the crown, of a multi-

rooted tooth

Pulpal management,
repositioning and
splinting as appropriate;
use of conditioning
media and medications
and to include follow-up

1.4.4 Potential contraindications for
endodontic treatment

1.4.5 Standard of treatment: a response to global

Lack of patient compliance, insufficient periodontal
support, impossibility of a functional long-term
restoration, and a severely compromised patient
medical history are potential contraindications for
endodontic treatment. However, the large majority
of the national or regional guidelines do not contain
any restrictions for endodontic therapy®*2. Prosthetic
or implant/prosthetic rehabilitation options exist for
“hopeless teeth” but the utility of that approach has
also been questioned*44,

quality needs

The standard of endodontic treatment depends

on a multitude of criteria, such as being sensitive

to the operator, the patient, technique, technology,
and the working environment. Endodontic societies
and health ministries of different countries have
drawn-up treatment guidelines, many of them being
technique- and technology-oriented and sometimes
not revised in a timely manner. The treatment
benefits of the latest technology and techniques,
which often require high investment costs and
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are found in high-end practice settings, may not better compensated, but less effective, procedures

be essential when considering the outcomes of also goes against the standard of professional
basic root canal treatment (BRT), a technique ethics*®. The only essential standard criteria to be
based on simple instrumentation, tactile working applied worldwide should be the best achievable
length determination, and the independence of quality of care and the guarantee of patient

an electrical power supply, which can be easily safety*®. The keys to ensuring these minimum
performed in the most remote settings. standards are adequate undergraduate education

and lifelong learning. Any definition of treatment
As discussed below, fee-for-service schemes are not  standards should go hand in hand with a standard
a reliable way of remunerating the treatment options  of prevention®.
with the best outcomes for patient health. Favouring

White Paper on Endodontic Care www.fdiworlddental.org 7



Section 2 The Challenges of Endodontics and

Maintaining Health

21 What are the overarching
outcomes of endodontic care?
In early disease stages, the main treatment goal
is to retain a vital and functional pulp. This can

be achieved with high likelihood, depending on
diagnosis and operative strategies*®=°,

As discussed before, root canal therapy has been

defined as treating or preventing apical periodontitis.

Consequently, outcomes of root canal treatments
have historically been described primarily in relation
to apical conditions (as judged from radiographs)
and clinical symptoms after treatment. Using this
paradigm and criteria of varying stringency, the
prognosis of root canal treatment was found to vary
greatly among all included studies in a systematic
review by Friedman, with 46—-91% of cases healed®'.

More recently, the variable “retention” has gained
attention in relation to root canal treatment. Indeed,
Kvist>2 has argued that the need to save teeth is

a significant challenge going forward due to an
increase in populations being affected by dental
caries. The variable “retention” is an example of
patient-centred outcomes®*%® that are now being
used to describe the efficacy of endodontic therapy.

In essence, endodontic therapy, when seen from a
patient’s perspective, has the following goals:
i. 1o cure or prevent pain,
ii. to retain the function of the affected tooth over
the long-term, and
iii. to prevent negative consequences to
overall health.

Root canal treatment is often initiated when dental
caries has led to pulpal disease and pain®®, and the
treatment is typically very effective in eliminating
pain in a short timeframe®. Moreover, the likelihood

of significant exacerbations over the long term is
comparatively low, being around 5%58.

When root canal treatment is followed by
appropriate restorative treatment, long-term teeth
retention rates of 80—90% after 10 or more years of
function have been reported for root canal-treated
teeth®%%2, However, it is important to consider that
vital teeth have a better long-term retention rate
than root canal-treated ones®®, suggesting the
potential for vital pulp therapy to enhance overall
endodontic outcomes®.

On the other hand, apical periodontitis remains a
prevalent health issue®, with the current definition
of endodontic medicine considering potential effects
of systemic diseases on the outcome of root canal
treatment®. However, much is still to be learned
about the relationship between persistent apical
inflammation and overall health52,

While there is no evidence that persistent apical
periodontitis directly causes, for example, coronary
heart disease, it may be argued that a strategy
preventing microorganisms from establishing
themselves deep in the root canal system would
be advantageous®. This approach would call for

a renewed focus on pulpal diagnosis and early
intervention to retain pulp vitality*.

Patient-centred outcomes, most notably
measurements of oral health® and related quality
of life, are served by the endodontic treatment
spectrum, from vital pulp therapy to apical surgery.

Endodontic therapy that is driven by patient-centred
outcomes focuses on the absence of symptoms,
retained oral function, and limited impact on overall
health. This kind of endodontic therapy is an
example of a multifaceted approach to oral health.
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2.2 What are the specific
challenges to achieving
and maintaining optimal
endodontic outcomes?

Despite the global importance of endodontic
health, there are many barriers to achieving and
maintaining optimal endodontic outcomes. These
barriers exist at multiple levels, ranging from national
policy to the dental practice, and concern diverse
sectors, including health system organization and
financing, dental education, and the dental industry.
Challenges vary considerably by country, and
potential strategies and solutions for addressing
them, as discussed below, must be appropriate
within the national context. National dental
associations (NDAs), governments, and other actors
have independence and primacy in determining the
strategies and policies to pursue improved care and
oral health in their countries.

To identify and better understand the challenges
related to achieving optimal endodontic care,

FDI conducted a survey and Political, Economic,
Social, Technological, Environmental and Legal
(PESTEL) survey exercise among its member NDAs
and national endodontic societies. The exercise is
used to identify the major challenges and potential
solutions to a given problem across several domains
and rank their relative importance. In total, 63 NDAs
and endodontic societies completed the exercise
from all five FDI regions. The sub-sections below
outline the major challenges identified through the
exercise and in the published literature.

2.2.1 Political commitment and
financing challenges

A lack of political commitment to oral health and
an absence of policies to strengthen oral disease
prevention and care provision can act as barriers
to optimal endodontic care. While the importance
of oral health on the political agenda varied among
the countries responding to the NDA survey,

many indicated that the lack of national oral

health policies, or low importance being placed

on oral health in national health policies, presents

a challenge. The reasons for political neglect are
complex but well-recognized challenges include

a failure to coordinate multisectoral action to
implement population-level prevention approaches,
disconnect between oral health and general
health, including in the measurement of the oral
disease burden, and a lack of political leadership
and civil society activism3965%¢, |n addition, neglect
of oral health within health systems and public
health strategies is typically coupled with low
financing, resulting in inadequate reimbursement
and remuneration of endodontic procedures as
discussed below.

2.2.2 Reimbursement and remuneration

In many countries, particularly in low-resource
settings, the dental procedures covered by health
authorities or insurers are limited, resulting in
foregone treatment and inequitable access®’.
Evidence from several high-income countries
similarly suggests that out-of-pocket payments

and public health insurance programmes with
restricted eligibility and limited benefit packages
act as barriers to dental treatment, particularly

for low-income populations®®73, Of the NDAs who
responded to the FDI survey, nearly half reported
lack of reimbursement of endodontic procedures as
a challenge to providing optimal endodontic care.
In many instances, endodontic treatment is subject
to partial or no reimbursement and is available only
to those who have access to insurance or who can
afford out-of-pocket payments. Depending on the
system, financial aid for endodontic treatment may
only be available for very low-income groups or
children. Several countries, including both high-
and low-income countries, reported that patients
opt to have teeth extracted rather than undergo
endodontic treatment due to high costs.

Surveys of dentists in several countries have also
revealed insufficient remuneration to be a commonly
cited reason for non-compliance with endodontic
treatment standards’#7¢. Dentists may opt to extract
teeth rather than perform endodontic restoration if
remuneration for endodontic treatment is perceived
to be too low**”’, Root canal treatments by National
Health Service dentists in the UK fell by over 45%,
with extractions increasing in parallel, following
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remuneration changes in 2006787°, Remuneration
systems also have implications for the prevention of
pulpal disease, with only a few systems adequately
incentivizing preventive practice®®. Twenty percent
of NDAs in the FDI survey reported that low
remuneration levels, particularly in view of the time
taken to complete endodontic procedures, were a
barrier to optimal care.

2.2.3 Challenges related to the patient and society

Patient perceptions of endodontic treatment can
result in avoidance of treatment and difficulties

in carrying out procedures. Fear of visiting the
dentist may cause patients to delay dental visits
until their problems are severe®®®. Several
studies have suggested that root canal treatment
provokes particularly strong dental anxiety due
to the expectation of pain during and after the
procedure®?84 Over 20% of NDAs identified
negative patient perceptions, especially related
to the perceived complexity and painfulness of
endodontic procedures, as an important problem.

Patient awareness and knowledge of oral health and
endodontics were also frequently cited by surveyed
NDAs as barriers to optimal care. Over 40% of
NDAs reported that some patients in their country
forego endodontic treatment because they do not
consider oral health or the preservation of their
natural dentition to be important health concerns.
Similarly, NDAs reported a lack of patient awareness
about the goals and outcomes of endodontic
procedures; in certain countries, patients believed
extractions and implants to be the only solutions for
painful teeth.

Low-income countries frequently cited patient
awareness and knowledge as a factor in the
extraction of treatable teeth, and many countries
also cited differences between wealthy and poor, or
urban and rural, populations in this respect.

As with all areas of dentistry, demographic and
societal change present further challenges

to providing endodontic care. An increase in
population ageing worldwide requires new models
of oral care, which should focus on the physical
needs of the elderly as well as their personal values.

They should also address the increasing demand for
care, varying levels of access to care, and existing
self-care skills™8>86,

2.2.4 Availability of materials and technology

In some countries, dental equipment may be
unavailable or unmaintained due to a lack of means,
technical expertise, or infrastructure®®. A lack of
adequate training in using new technologies and a
lack of decision-making power by dentists regarding
the technologies and materials purchased in some
health systems can also act as barriers’>%8. One-
third of the NDAs reported availability of equipment
as a challenge in the FDI survey. Several countries
in Africa, Asia, and Latin America reported low
availability of endodontic equipment in their dental
practices, particularly in rural areas. The cost of
equipment, such as surgical microscopes, was also
cited by several countries, regardless of income
level, as a challenge to providing optimal care in

all clinics.

2.2.5 Dental education and
endodontic specialization

The quality of undergraduate education, including
the time dedicated to endodontics, teaching and
assessment methods, and availability of staff with
specialization or a specific interest in endodontics,
varies across countries and regions and has a clear
impact on the subsequent quality of care provided
by graduates®®-92, The evolution of undergraduate
curricula also means that dentists who graduated
years ago may be less likely to adhere to current
standards of care” 9%, Access to continuing
education, including time to pursue courses and
the availability of courses with high-quality content
and methods, is important for dentists to maintain
up-to-date knowledge of endodontic procedures
and technologies®95%,_ Similarly, undergraduate
and continuing education for preventive practice

is still lacking in many areas, with curricula focused
on restorative dentistry*°. In the FDI survey, limited
procedures being taught at the undergraduate level
and limited to no availability of specialist courses
were identified as challenges by many NDAs in
low- and middle-income countries. In high-income
countries, the most commonly cited challenge
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was the lack of availability of suitable patients for
students to treat.

A lack of access to appropriate dental care in some
health systems or geographic areas can result in
lower- quality care. General dentists may treat cases
beyond their competency if no specialist is available
for referral, or long waiting times for specialist care
can result in increased extraction as tooth condition
deteriorates’7%°, In some low-income countries,
poor access to any kind of dental care, which is
often limited and clustered in urban areas, seriously
compromises endodontic health™°,

2.2.6 Regulation and legal challenges

The regulation of endodontic care and malpractice
systems vary significantly across countries. Systems

that allow malpractice litigation against dentists,
such as the US system, may encourage referral of
more complex cases to specialists. On the other
hand, systems that prioritize open investigation of
malpractice claims over financial compensation
may promote learning from errors and continued
improvement of care standards’°"°2, The FDI
survey revealed diverse systems for monitoring
adherence to standards of treatment and dealing
with malpractice claims, including integration into
law, regulation by dental associations or other
non-governmental bodies, and non-existence of
formal regulations or malpractice procedures. Some
countries reported that malpractice procedures
might encourage referral, but this was not
widespread. Insurance to protect practitioners from
the cost of malpractice payments is also common in
several countries.
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Section 3 Improving Endodontic Care

and Outcomes

3.1 Potential solutions for

achieving and maintaining optimal

endodontic outcomes

From a biomedical and population health
perspective, a focus on prevention, in this case
prevention of pulpal disease and prevention of
bacterial presence deep in the root canal system,
has been suggested as a strategy'3'°®, Vital pulp

therapy is currently discouraged, as explored
throughout this paper; however, changes to health
systems and education can address this.

311 Health Care Systems and Financing

Ideally, health care financing should strive to
provide universal oral health care coverage,
including endodontic care, to the population
concerned. Different models of universal
coverage exist, including systems based on
taxation or multiple third-party payers. The
important commonalities are financial risk
protection and the provision of quality essential
services'®, Systems offering universal coverage
also require adequate funding to ensure they
can respond to the care needs of the population,
fairly reimburse dentists for quality treatment,
and allow patients to access treatmentin a
timely manner'™©”%,Moreover, fee-for-service
models may wrongly incentivize clinicians to
select treatments that are pricier but not more
effective, for example root canal treatment over
pulpotomy for adolescents.

Health system planning should consider the
availability of practitioners who are able to carry
out endodontic treatment. Population needs
vary between countries, but planners should
consider evidence regarding patient access

to appropriate practitioners, the availability of
specialist care for referral from general dentists
when required, and anticipated demographic

and epidemiological changes. The availability

of qualified practitioners could be improved by
emphasizing less learning-intensive, i.e. less
complicated, procedures, such as some forms of
vital pulp therapy.

New ways of collaborating within the dental
team and new types of oral health professionals
may offer solutions to inadequate access to care.
For example, the UK Department of Health’s
Dentists with Special Interest programme
allowed general dentists to gain additional
skills in specific areas without undertaking a

full specialization, including the provision of
more complicated endodontic procedures in
the primary care setting. Dentists aware of, or
involved in, the programme expressed positive
opinions of its ability to improve patient care'®
M Similar programmes exist that reallocate
tasks within the dental team or empower non-
dentist oral health professionals to provide
preventive care??4°"2 Some believe that fewer,
not more, specialists would be better able

to provide health services to the population,
especially if case managers were to have an
expanded role?2,

3.1.2 Clinical Practice of Endodontics

Vital pulp therapy in its various forms* is
expected to become an attractive alternative to
root canal treatment, even in cases diagnosed
with what is now called “irreversible” pulpitis.
The long-term cumulative success rate of

vital pulp therapy in treating such cases is
compellingly good*, in particular in younger
patient groups?®. Without a doubt, improvement
in vital pulp therapy outcomes will be driven

by further development of diagnostic and
clinical technology®°.

Basic root canal treatment (BRT) uses tactile
working length determination to allow root canal

12 www.fdiworlddental.org
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treatment to be undertaken in the absence of =
x-ray equipment or electric power supply. The
technique has shown promising results for
incisors and premolars in a real-world setting,
and therefore offers a viable alternative to
extraction in under-resourced settings where
traditional root canal treatment is not possible®™,

Certain specialist-level treatment, such as
microscopic apical surgery, tomography derived
3D treatment planning, and dentoalveolar
surgery should be accessible if the case
requires it.

3.1.3 Dental Education

Dental education needs to provide adequate
training in endodontic procedures for both
general dentists and endodontic specialists. In
undergraduate dental curricula, this includes
an appropriate number of hours dedicated to
endodontics, effective training methods, and
access to specialist endodontists or educators
with a special interest in endodontics.

Hands-on training and mock-clinical settings
have been effective in improving procedure
quality and in adopting new technologies at both
the undergraduate and continuing education
level®®®, Together with revised curricula,
improved funding and job flexibility to increase
the number of clinically-focused endodontic
educators in universities may also help improve
the capabilities of newly qualified dentists8°092,

With regards to prevention in the dental practice,
a shift in dental curricula is required to promote
preventive dentistry over restorative dentistry*.
This should cover primary prevention, such as
the provision of, or referral to, tobacco cessation
services, nutrition counselling, reduction of
alcohol intake, promotion of fluoride products,
and application of dental sealants®®. As stated
before, the very same approach may be
extended to endodontic therapy, where retaining
a vital pulp for as long as feasible appears to
offer benefits to the patient.

Efforts to improve access to continuing

education by reducing time pressures on
dentists and making courses more affordable
may also be important to ensure that dentists
stay up to date with procedural developments
and new technologies™.

3.1.4 Adapting Endodontic Care Outcomes

The adoption of patient-centred outcomes in
treatment guidelines and reimbursement models
can help ensure that endodontic care responds
adequately to patient needs and contributes
more fully and sustainably to patient health.
Patient-centred outcomes can also play an
important role in guiding the development of
new treatment and diagnostic procedures and
technologies. As described earlier in this white
paper, patient-centred endodontic treatment
implicates prevention and early intervention to
improve tooth retention and reduce symptoms.
It should also consider potential connections
between endodontic and systemic health.

FDl is currently working to develop an oral health
measurement tool, providing a standard set of
measures that incorporates patient perspectives
into the assessment of oral health outcomes?.
This set can be adapted and used by a variety
of stakeholders, including health care authorities
and payers, to better integrate patient-centred
outcomes into endodontic care models.

3.1.5 Treatment Standards and Competencies

Guidelines on endodontic treatment procedures
and care are important resources for formal
education and for ongoing guidance for
practicing dentists. A number of national and
international endodontic associations publish
guidelines, which describe treatment standards
and provide general dentists with guidance for
case difficulty assessment and referral*542,

Several tools for case difficulty assessment
and referral decision-making exist to assist the
general practitioner; these need to address the
full spectrum of endodontic therapy. Methods

White Paper on Endodontic Care

www.fdiworlddental.org 13



to facilitate implementation in the dental clinic,
including a short screening questionnaire to
assess the need for further evaluation, and
integration into a mobile app, have been applied
to such tools™", This would allow practitioners
to treat cases that are more realistically within
their ability, reducing obstacles to providing
adequate care’s.

=  Accordingly, a chairside guide published as an
accompaniment to this white paper will provide
general dentists with guidance on providing
endodontic care, including the implementation of
relevant solutions as identified in this paper.

3.1.6 Awareness Raising and Advocacy

= Communications to dispel myths related to
endodontic treatment are needed. It is a myth
among patients that endodontic treatment is a
painful and complicated procedure; it is a myth
among dentists that patient acceptance is, or
should be, a barrier to rubber dam use. Public
awareness campaigns are specifically needed in
the era of widely accessible and unmoderated
information on digital media.

= NDAs and other non-governmental organizations
(NGOs), including FDI, have an important role
to play in advocating for the changes proposed
in this paper and obtaining more attention and
funding for policies to improve oral health.
Better evidence of the oral disease burden
and of programmes and policies that improve
oral disease prevention, quality care, and oral
health promotion can help reinforce these
advocacy messages.

3.2 Call to Action

Key issues identified in endodontic care should be
addressed on multiple levels, such as remuneration
systems, outcome assessment, and educational
strategy. First, health authorities and third-party
payers, in strong and constant collaboration

with the representatives of the oral health

profession, should constantly evaluate fee-for-
service systems to incentivize treatments that
are most likely to improve population health. This
is closely linked with outcome assessment and
educational conditions.

In endodontics, prioritizing periapical health as the
outcome does not appear to address the needs

of an ageing population for functional long-term
teeth retention. Researchers and professional
bodies should adapt outcome assessment
models that consider patient-centred variables
and oral health outcome measures for use in
endodontics and push for their adoption in care
and preventive measures. This includes a focus on
vital pulp therapy. Such models could then be tied
to remuneration and would likely result in a more
diverse treatment spectrum to routinely include
various regenerative procedures.

Education of dental specialists comes with a
significant cost and limits access to care. Health
authorities and educators should prioritize care
models with a focus on preventing pulpal disease
- this may include dental auxiliaries to manage
patients. Conversely, wider access to education

is needed to improve the quality of endodontic
care delivery.

Finally, political neglect of oral health and failures

to adequately implement population-level health
promotion measures, including age-adapted patient/
public literacy campaigns and awareness-raising for
oral and general health, impact endodontic health
and broader oral health. Governments should
accord adequate attention and funding to oral
health, including the coordination of multisectoral,
population-level approaches to prevent dental
caries and other oral diseases.

Ongoing advocacy by NDAs and other relevant
organizations is required to increase the attention
and funding given to oral health; advocacy efforts
can be supported by research emphasizing the
oral disease burden and effective interventions to
improve oral health.

14 www.fdiworlddental.org

White Paper on Endodontic Care



Acknowledgements

FDI would like to thank Professor Paul Dummer and Dr Unni Kunjukrishna Pillai for their valuable
contributions to this white paper. FDI would also like to recognize the following NDAs, endodontics societies,
and other organizations for their participation in the survey, which informed part of this work:

= Academia Brasileira de Odontologia

= Academy of Dentistry International

= Albanian Dental Association

=  American Dental Association

= Asociaciéon Dental Mexicana Federacion
Nacional de Colegios de Cirujanos
Dentistas, A.C.

= Asociacién Mexicana de Endodoncia, Colegio de
Especialistas en Endodoncia, A.C.

= Asociaciéon Nicaragliense de Endodoncia

= Association Dentaire Francaise

= Association Marocaine de Prévention
Bucco-Dentaire

= Association Rwandaise des Chirurgiens-
Dentistes et Stomatologues

= Associazione ltaliana Odontoiatri

= Bahamas Dental Association

= Bangladesh Dental Society

= Botswana Dental Association

= British Endodontic Society

= Cambodian Dental Association

= Circulo de Odontologos del Paraguay/Sociedad
Paraguaya de Endodoncia

= Colegio de Cirujanos Dentistas de Costa Rica

= Colegio de Cirujanos Dentistas de Honduras

= Colegio Estomatolégico de Guatemala

= Consejo General de Dentistas de Espafia

= Cyprus Dental Association

= Czech Dental Chamber

= Dental Association of Bosnia & Herzegovina

= Dental Association of Malta

= Dental Association of Seychelles

= Dental Section of the Hungarian
Medical Chamber

= Egyptian Dental Association

= Egyptian Dental Syndicate

= Federacién Odontologica Colombiana

= Finnish Dental Association

=  Ghana Dental Association

Guam Dental Society

Hong Kong Dental Association

Hungarian Dental Association/Hungarian
Association of Endodontists

Indonesian Dental Association/Indonesian
Endodontic Society

Iran-German Implant Association

Irish Dental Association

Israel Dental Association/Israeli
Endodontic Society

Lebanese Dental Association

Macau Dental Association

Malaysian Dental Association

Mauritius Dental Association

Myanmar Dental Association

Nepal Dental Association

New Zealand Dental Association

Ordre Nationale des Chirurgiens-Dentistes de la
République Démocratique du Congo
Pakistan Dental Association/Aga Khan University
Polskie Towarzystwo Stomatologiczne

The Royal Dutch Dental Association
Singapore Dental Association

Slovenian Dental Association

Sociedade Portuguesa de Estomatologia e
Medicina Dentaria

Société de Médecine Dentaire (Belgium)
Sri Lanka Dental Association
Stomatological (Dental) Association of the
Kyrgyz Republic

Swedish Dental Association

Swiss Dental Association SSO

Syndicat Tunisien des Médecins Dentistes de
Libre Pratique

Tanzania Dental Association

The Dental Association of Thailand

The South African Dental Association
Vanuatu Dental Association

White Paper on Endodontic Care

www.fdiworlddental.org 15



References

1. American Association of Endodontists. Glossary of Endodontic Terms. 34. Ndegwa N, Ploner A, Liu Z, Roosaar A, Axell T, Ye W. Association between
Chicago: American Association of Endodontists;2018. Available from: poor oral health and gastric cancer: A prospective cohort study. Int J Cancer
https://www.aae.org/specialty/clinical-resources/glossary-endodontic-terms/ 2018 143: 2281-2288.

[Accessed 6 February 2019]. 35. Thistle JE, Yang B, Petrick JL, Fan J-H, Qiao Y-L, Abnet CC, et al. Association

2. Qrstavik D, Pitt Ford T. Apical Periodontitis: microbial infection and host of tooth loss with liver cancer incidence and chronic liver disease mortality in
reponses. In: Orstavik D, Pitt Ford T. (eds.) Essential Endodontology. 2nd ed. a rural Chinese population. PLoS One 2018 13: e0203926.

Oxford: Blackwell Munksgaard; 2007. p.1-9. 36. Chen QL, Zeng XT, Luo ZX, Duan XL, Qin J, Leng WD. Tooth loss is

3. Zero D, Zandona AF, Vail MM, Spolnik KJ. Dental caries and pulpal disease. associated with increased risk of esophageal cancer: evidence from a meta-
Dent Clin North Am 2011 55: 29-46. analysis with dose-response analysis. Sci Reports 2016 6: 18900.

4. American Association of Endodontists. Endodontic Competency. Chicago: 37. De Cicco V, Tramonti Fantozzi MP, Cataldo E, Barresi M, Bruschini L,
American Association of Endodontists;2017. Available from: https://www. Faraguna U, et al. Trigeminal, Visceral and Vestibular Inputs May Improve
aae.org/specialty/wp-content/uploads/sites/2/2017/10/endo-competency- Cognitive Functions by Acting through the Locus Coeruleus and the
whitepaper.pdf [Accessed 6 February 2019]. Ascending Reticular Activating System: A New Hypothesis. Front Neuroanat

5. European Society of Endodontology. Quality guidelines for endodontic 2018 11: 130.
treatment: consensus report of the European Society of Endodontology. Int 38. FDI World Dental Federation. Sugar and Dental Caries: A practical guide
Endod J 2006 39: 921-930. to reduce sugars consumption and curb the epidemic of dental caries.

6. Jordan RA, Markovic L, Holzner AL, Richter B, Gaengler P. Development of a Geneva: FDI World Dental Federation;2016. Available from: https://www.
basic root canal treatment (BRT) for primary oral health care--evaluation after fdiworlddental.org/resources/toolkits/sugars-and-dental-caries [Accessed 6
one year. Int Dent J 2009 59: 141-147. February 2019].

7. Jordan RA, Holzner AL, Markovic L, Brueckner I, Zimmer S. Clinical 39. FDI World Dental Federation. The Challenge of Oral Disease — A call
effectiveness of basic root canal treatment after 24 months: a randomized for global action. The Oral Health Atlas. Geneva: FDI World Dental
controlled trial. J Endod 2014 40: 465-470. Federation;2015. Available from: https://www.fdiworlddental.org/resources/

8. Glick M, Williams DM, Kleinman DV, Vujicic M, Watt RG, Weyant RJ. A new oral-health-atlas/oral-health-atlas-2015 (Accessed 6 February 2019].
defintion for oral health developed by the FDI World Dental Federation 40. Pitts NB, Zero D. White Paper on Dental Caries Prevention and Management:
opens the doore to a universal definition of oral health. Int Dent J 2016 66: A summary of the current evidence and the key issues in controlling this
322-324. preventable disease. Geneva: FDI World Dental Federation;2016. Available

9. Bjorndal L. The caries process and its effect on the pulp: the science is from: https://www.fdiworlddental.org/resources/white-papers/white-paper-on-
changing and so is our understanding. J Endod 2008 34: S2-S5. dental-caries-prevention-and-management [Accessed 6 February 2019].

10.  Stashenko P, Teles R, D'Souza R. Periapical inflammatory responses and their 41.  Duncan HF, Galler KM, Tomson PL, Simon S, El-Karim |, Kundzina R, et al.
modulation. Crit Revs Oral Biol Med 1998 9: 498-521. European Society of Endodontology position statement: Management of

1. Lin J, Chandler NP. Electric pulp testing: a review. Int Endod J 2008 41: deep caries and the exposed pulp. To be published in Int Endod J [Preprint]
365-374. 2019: Available from https://doi.org/2010.1111/iej13080.

12.  Setzer FC, Hinckley N, Kohli MR, Karabucak B. A Survey of Cone-beam 42.  American Association of Endodontists. Treatment Standards. Chicago:
Computed Tomographic Use among Endodontic Practitioners in the United American Association of Endodontists;2018. Available from: https://www.
States. J Endod 2017 43: 699-704. aae.org/specialty/wp-content/uploads/sites/2/2018/04/TreatmentStandards_

13.  Levin LG, Law AS, Holland GR, Abbott PV, Roda RS. Identify and define all Whitepaper.pdf [Accessed 6 February 2019].
diagnostic terms for pulpal health and disease states. J Endod 2009 35: 43. Giannobile WV, Lang NP. Are Dental Implants a Panacea or Should We Better
1645-1657. Strive to Save Teeth? J Dent Res 2016 95: 5-6.

14.  Gutmann JL, Baumgartner JC, Gluskin AH, Hartwell GR, Walton RE. Identify 44. Levin L, Halperin-Sternfeld M. Tooth preservation or implant placement: a
and define all diagnostic terms for periapical/periradicular health and disease systematic review of long-term tooth and implant survival rates. J Am Dent
states. J Endod 2009 35: 1658-1674. Assoc 2013 144: 1119-1133.

15.  Hofmann BM, Eriksen HM. The concept of disease: ethical challenges and 45. Brands W, Naidoo S, Porter S, Sereny M, van Dijk W, Welie J. Dental
relevance to dentistry and dental education. Eur J Dent Educ 2001 5: 2-8; Ethics Manual 2. Berlin: Quintessenz Verlags-GmbH;2018. Available from:
discussion 9-11. https://www.fdiworlddental.org/resources/manuals/dental-ethics-manual-2

16.  Segura-Egea JJ, Martin-Gonzalez J, Castellanos-Cosano L. Endodontic [Accessed 6 February 2019].
medicine: connections between apical periodontitis and systemic diseases. 46. Ghebreyesus TA. How could health care be anything other than high quality?
Int Endod J 2015 48: 933-951. Lancet Glob Health 2018 6: e1140-e1141.

17. Maret D, Peters OA, Vigarios E, Epstein JB, van der Sluis L. Dental screening 47.  FDI World Dental Federation. Policy statement on Quality in Dentistry.
of medical patients for oral infections and inflammation: consideration of risk Int Dent J. 2018 68 (1): 8-9.
and benefit. Microbes Infect 2017 19: 84-90. 48. Asgary S, Eghbal MJ, Fazlyab M, Baghban AA, Ghoddusi J. Five-year results

18.  Marcenes W, Kassebaum NJ, Bernabé E, Flaxman A, Naghavi M, Lopez A, of vital pulp therapy in permanent molars with irreversible pulpitis: a non-
et al. Global burden of oral conditions in 1990-2010: a systematic analysis. inferiority multicenter randomized clinical trial. Clin Oral Investig 2015 19:

J Dent Res 2013 92: 592-597. 335-341.

19.  Institute of Medicine. Advancing Oral Health in America. Washington, DC: 49. Schwendicke F, Brouwer F, Stolpe M. Calcium Hydroxide versus Mineral
The National Acadamies Press; 2011. Trioxide Aggregate for Direct Pulp Capping: A Cost-effectiveness Analysis.

20. Listl S, Galloway J, Mossey PA, Marcenes W. Global Economic Impact of J Endod 2015 41: 1969-1974.

Dental Diseases. J Dent Res 2015 94: 1355-1361. 50. Simon S, Perard M, Zanini M, Smith AJ, Charpentier E, Djole SX, et al.

21.  Watt R, Sheiham A. Inequalities in oral health: a review of the evidence and Should pulp chamber pulpotomy be seen as a permanent treatment? Some
recommendations for action. Br Dent J 1999 187: 6-12. preliminary thoughts. Int Endod J 2013 46: 79-87.

22. Fejerskov O, Escobar G, Jossing M, Baelum V. A functional natural dentition 51.  Friedman S. Prognosis if iniital endodontic therapy. Endod Topics 2002 2:
for all--and for life? The oral healthcare system needs revision. J Oral Rehabil 59-88.

2013 40: 707-722. 52. Kuvist T. Introduction. In: Kvist T. (ed.) Apical Periodontitis in root-filed teeth.

23. Glick M, Monteiro da Silva O, Seeberger GK, Xu T, Pucca G, Williams DM, Cham, Switzerland: Springer Nature; 2017:1-6.
et al. FDI Vision 2020: shaping the future of oral health. Int Dent J 2012 62: 53. Montero J, Lorenzo B, Barrios R, Albaladejo A, Miron Canelo JA, Lopez-
278-291. Valverde A. Patient-centered Outcomes of Root Canal Treatment: A Cohort

24. Weiger R, Hitzler S, Hermle G, Lost C. Periapical status, quality of root canal Follow-up Study. J Endod 2015 41: 1456-1461.
fillings and estimated endodontic treatment needs in an urban German 54. Hamedy R, Shakiba B, Fayazi S, Pak JG, White SN. Patient-centered
population. Endod Dent Traumatol 1997 13: 69-74. endodontic outcomes: a narrative review. Iran Endod J 2013 8: 197-204.

25. Scavo R, Martinez Lalis R, Zmener O, Dipietro S, Grana D, Pameijer CH. 55. Diogenes A, Ruparel NB, Shiloah Y, Hargreaves KM. Regenerative
Frequency and distribution of teeth requiring endodontic therapy in an endodontics: A way forward. J Am Dent Assoc 2016 147: 372-380.

Argentine population attending a specialty clinic in endodontics. Int Dent J 56. Igbal M, Kim S, Yoon F. An investigation into differential diagnosis of pulp and
2011 61: 257-260. periapical pain: a PennEndo database study. J Endod 2007 33: 548-551.

26. Michaelson PL, Holland GR. Is pulpitis painful? Int Endod J 2002 35: 57.  Nixdorf DR, Moana-Filho EJ, Law AS, McGuire LA, Hodges JS, John MT.
829-832. Frequency of persistent tooth pain after root canal therapy: a systematic

27. Eriksen HM. Endodontology--epidemiologic considerations. Endod Dent review and meta-analysis. J Endod 2010 36: 224-230.

Traumatol 1991 7: 189-195. 58. Yu VS, Messer HH, Yee R, Shen L. Incidence and impact of painful

28. Eriksen HM, Kirkevang L-L, Petersson K. Endodontic epiedmiology and exacerbations in a cohort with post-treatment persistent endodontic lesions.
treatment outcome: general considerations. Endod Topics 2002 2:1-9. J Endod 2012 38: 41-46.

29. Petti S, Glendor U, Andersson L. World traumatic dental injury prevalence 59. Caplan DJ, Cai J, Yin G, White BA. Root canal filled versus non-root canal
and incidence, a meta-analysis-One billion living people have had traumatic filled teeth: a retrospective comparison of survival times. J Public Health
dental injuries. Dent Traumatol 2018 34: 71-86. Dent 2005 65: 90-96.

30. Liu P, McGrath C, Cheung GS. Improvement in oral health-related quality of 60. De Backer H, Van Maele G, Decock V, Van den Berghe L. Long-term
life after endodontic treatment: a prospective longitudinal study. J Endod survival of complete crowns, fixed dental prostheses, and cantilever fixed
2014 40: 805-810. dental prostheses with posts and cores on root canal-treated teeth. Int J

31.  Dugas NN, Lawrence HP, Teplitsky P, Friedman S. Quality of life and Prosthodont 2007 20: 229-234.
satisfaction outcomes of endodontic treatment. J Endod 2002 28: 819-827. 61. Fonzar F, Fonzar A, Buttolo P, Worthington HV, Esposito M. The prognosis of

32. Kumar PS. From focal sepsis to periodontal medicine: a century of exploring root canal therapy: a 10-year retrospective cohort study on 411 patients with
the role of the oral microbiome in systemic disease. J Physiol 2017 595.2: 1175 endodontically treated teeth. Eur J Oral Implantol 2009 2: 201-208.
465-476. 62. Salehrabi R, Rotstein I. Endodontic treatment outcomes in a large patient

33. Pallasch TJ, Wahl MJ. Focal infection: new age or ancient history? Endod population in the USA: an epidemiological study. J Endod 2004 30: 846-850.
Topics 2003 4: 32-45.

16 www.fdiworlddental.org White Paper on Endodontic Care



63.
64.

65.

66.

67.

68.

69.
70.

71.

72.

73.
74.
75.

76.

77.

78.

79.

80.

81.

82.
83.
84.

85.
86.

87.

88.

Figdor D. Apical periodontitis: a very prevalent problem. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2002 94: 651-652.

Wu MK, Dummer PM, Wesselink PR. Consequences of and strategies to
deal with residual post-treatment root canal infection. Int Endod J 2006 39:
343-356.

Benzian H, Hobdell M, Holmgren C, Yee R, Monse B, Barnard JT, et al.
Political priority of global oral health: an analysis of reasons for international
neglect. Int Dent J 2011 61: 124-130.

Benedetti G, Stauf N, Strohmenger L, Campus G, Benzian H. Political priority
of oral health in Italy: an analysis of reasons for national neglect. Int Dent J
2015 65: 89-95.

Mathur MR, Williams DM, Reddy KS, Watt RG. Universal health coverage: a
unique policy opportunity for oral health. J Dent Res 2015 94: 3s-5s.
Somkotra T, Detsomboonrat P. Is there equity in oral healthcare utilization:
experience after achieving Universal Coverage. Comm Dent Oral Epid 2009
37:85-96.

Blendon RJ, Schoen C, DesRoches CM, Osborn R, Scoles KL, Zapert K.
Inequities in health care: a five-country survey. Health Aff 2002 21: 182-191.
Hill KB, Chadwick B, Freeman R, O'Sullivan |, Murray JJ. Adult Dental Health
Survey 2009: relationships between dental attendance patterns, oral health
behaviour and the current barriers to dental care. Br Dent J 2013 214: 25-32.
Manning WG, Bailit HL, Benjamin B, Newhouse JP. The demand for dental
care: evidence from a randomized trial in health insurance. J Am Dent Assoc
1985 110: 895-902.

Thompson B, Cooney P, Lawrence H, Ravaghi V, Quinonez C. The potential
oral health impact of cost barriers to dental care: findings from a Canadian
population-based study. BMC Oral Health 2014 14: 78.

Nixon PJ, Benson RE. A survey of demand for specialist restorative dental
services. Br Dent J 2005 199: 161-163; discussion 153.

Ahmad IA. Rubber dam usage for endodontic treatment: a review.

Int Endod J 2009 42: 963-972.

Dahlstrom L, Lindwall O, Rystedt H, Reit C. 'Working in the dark': Swedish
general dental practitioners on the complexity of root canal treatment.

Int Endod J 2017 50: 636-645.

Whitworth JM, Seccombe GV, Shoker K, Steele JG. Use of rubber dam and
irrigant selection in UK general dental practice. Int Endod J 2000 33:
435-441.

McColl E, Smith M, Whitworth J, Seccombe G, Steele J. Barriers to improving
endodontic care: the views of NHS practitioners. Br Dent J 1999 186:
564-568.

House of Commons Health Committee. Dental Services: Fifth Report of
Session 2007-08 London: House of Commons Health Committee;2008.
Available from: https://publications.parliament.uk/pa/cm200708/cmselect/
cmhealth/289/28902.htm [Accessed 6 February 2019]

Tickle M, McDonald R, Franklin J, Aggarwal VR, Milsom K, Reeves D. Paying
for the wrong kind of performance? Financial incentives and behaviour
changes in National Health Service dentistry 1992-2009. Comm Dent Oral
Epid 2011 39: 465-473.

Peretz B, Moshonov J. Dental anxiety among patients undergoing
endodontic treatment. J Endod 1998 24: 435-437.

Armfield JM, Stewart JF, Spencer AJ. The vicious cycle of dental fear:
exploring the interplay between oral health, service utilization and dental
fear. BMC Oral Health 2007 7: 1.

Wong M, Lytle WR. A comparison of anxiety levels associated with root canal
therapy and oral surgery treatment. J Endod 1991 17: 461-465.

Maggirias J, Locker D. Psychological factors and perceptions of pain
associated with dental treatment. Comm Dent Oral Epid 2002 30: 151-159.
Azarpazhooh A, Dao T, Figueiredo R, Krahn M, Friedman S. A survey of
patients' preferences for the treatment of teeth with apical periodontitis.

J Endod 2013 39: 1534-1541.

Johnstone M, Parashos P. Endodontics and the ageing patient. Aust Dent J
2015 60 Suppl 1: 20-27.

Petersen PE. The World Oral Health Report 2003: continuous improvement
of oral health in the 21st century--the approach of the WHO Global Oral
Health Programme. Comm Dent Oral Epid 2003 31 Suppl 1: 3-23.

Madarati AA. Why dentists don't use rubber dam during endodontics and
how to promote its usage? BMC Oral Health 2016 16: 24.

Parashos P, Messer HH. The diffusion of innovation in dentistry: a review
using rotary nickel-titanium technology as an example. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2006 101: 395-401.

89.
90.
o1

92.

93.

94.

95.

96.
97.

98.
99.

100.

101.

102.

103.
104.

105.
106.

107.

108.
109.

110.

m.

12.
13.

14.
15.

116.

De Moor R, Hulsmann M, Kirkevang LL, Tanalp J, Whitworth J. Undergraduate
curriculum guidelines for endodontology. Int Endod J 2013 46: 1105-1114.
Qualtrough AJ, Whitworth JM, Dummer PM. Preclinical endodontology: an
international comparison. Int Endod J 1999 32: 406-414.

Baaij A, Ozok AR. Method of teaching undergraduate students to perform
root canal treatment: It's influence on the quality of root fillings. Eue J Dent
Educ 2018 22: e221-e227.

Glickman GN, Gluskin AH, Johnson WT, Lin J. The crisis in endodontic
education: current perspectives and strategies for change. J Endod 2005 31:
255-261.

Dahlstrom L, Lindwall O, Rystedt H, Reit C. 'lt's good enough': Swedish
general dental practitioners on reasons for accepting substandard root filling
quality. Int Endod J 2018 51 Suppl 3: e168-e177. ;

Fernandez R, Monsalve S, Vasquez J, Robayo JC, Lacouture O, Alvarez

LG. Rubber dam use in endodontic treatments and restorative dentistry by
general dentists in a South American sub-population. Int J Endod Rehabil
2016 2: 29-38.

Reit C, Bergenholtz G, Caplan D, Molander A. The effect of educational
intervention on the adoption of nickel-titanium rotary instrumentation in a
Public Dental Service. International endodontic journal 2007 40: 268-274.
Koch M. On implementation of an endodontic program. Swed Dent J Supp
2013: 9-97.

Martins RC, Reis CM, Matta Machado AT, Amaral JH, Werneck MA, Abreu MH.
Relationship between Primary and Secondary Dental Care in Public Health
Services in Brazil. PloS one 2016 11: e0164986.

Brennan DS, Luzzi L, Roberts-Thomson KF. Dental service patterns among
private and public adult patients in Australia. BMC Health Serv Res 2008 8: 1.
Waldman HB, Bruder GA, 3rd. Update on imbalanced distribution of
endodontists: 1995-2006. J Endod 2009 35: 646-650.

Oral health: prevention is key. Lancet 2009 373: 1.

Webber J. Risk management in clinical practice. Part 4. Endodontics. Br Dent
J 2010 209: 161-170.

Rene N, Westesson PL, Owall B. Complaint and disciplinary systems in
dentistry in Sweden: a presentation and discussion of their efficacy in
preventing malpractice. Qual Assur Health Care 1993 5: 187-199.

v.d. Sluis L, Kidd E, Gyuthuysen R, L P. Preventive endodontics - an argument
for avoiding root canal treatment. Endo (Lond) 2013 7: 259-274.

Wolters WJ, Duncan HF, Tomson PL, et al. Minimally invasive endodontics:

a new diagnostic system for assessing pulpitis and subsequent treatment
needs. Int Endod J 2017 50: 825-829.

Grossman LI. Endodontics: a peep into the past and the future. Oral Surg
Oral Med Oral Pathol 1974 37: 599-608.

Fullman N, Lozano R. Towards a meaningful measure of universal health
coverage for the next billion. Lancet Glob Health 2018 6: e122-123.

di Bella E, Krejci I, Ardu S, Leporatti L, Montefiori M. What should we expect
from Switzerland's compulsory dental insurance reform? BMC Health Serv
Res 2018 18: 272.

Ghebreyesus TA. All roads lead to universal health coverage. Lancet Glob
Health 2017 5: €e839-e840.

Al-Haboubi M, Eliyas S, Briggs PF, Jones E, Rayan RR, Gallagher JE. Dentists
with extended skills: the challenge of innovation. Br Dent J 2014 217: E6.
Ghotane SG, Al-Haboubi M, Kendall N, Robertson C, Gallagher JE. Dentists
with enhanced skills (Special Interest) in Endodontics: gatekeepers views in
London. BMC Oral Health 2015 15: 110.

Eliyas S, Briggs P, Gallagher JE. The experience of dentists who gained
enhanced skills in endodontics within a novel pilot training programme.

Br Dent J 2017 222: 269-275.

Lee JS, Somerman MJ. The Importance of Oral Health in Comprehensive
Health Care. JAMA 2018 320: 339-340.

Dohaithem AJ, Bakarman EO, Veitz-Keenan A. Tactile working length
determination for root canal therapy in underserved settings. Evid Based
Dent 2014 15: 56-57.

FDI World Dental Federation. Policy Statement on Continuing Dental
Education. Int Dent J. 2018 68 (1): 12-13.

Ree MH, Timmerman MF, Wesselink PR. An evaluation of the usefulness of
two endodontic case assessment forms by general dentists. Int Endod J
2003 36: 545-555.

Shah PK, Chong BS. A web-based endodontic case difficulty assessment
tool. Clin Oral Investig 2018 22: 2381-2388.

White Paper on Endodontic Care

www.fdiworlddental.org 17



fd /
FDI World Dental Federation
FDI World Dental Federation

Avenue Louis-Casai 51« 1216 Geneva « Switzerland
+4122 560 8150 . info@fdiworlddental.org « www.fdiworlddental.org ©2019 FDI World Dental Federation



