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The primary goal of endodontic intervention is to attain and preserve the health of the
periapical tissues. Outcome measures have been incorporated into endodontics for
decades to analyse whether this objective has been achieved, thereby documenting
treatment effectiveness, evaluating patient care, and facilitating decision-making.

The upsurge of evidence-based, patient-focused practices in endodontics has resulted in
a shift in how we define the success of treatment. The importance of patient-reported
measures has become more apparent in recent years, with the inclusion of PROs in
outcome reporting. However, there remains a lack of consensus on a unifying criterion for
endodontic outcomes, with clinicians, researchers, and patients all contributing differing

ideas of what constitutes success.

The goal of this review is to explore the current use of PROs in endodontology, establish
the potential value of including these measures in future endodontic care and research
and to examine the necessary prerequisites for their adoption into a core outcome set for

endodontics.

INTRODUCTION

It is often said that there is no such thing as failure, only
differing degrees of success. This sentiment is particularly
relevant in endodontic care, in that it highlights the chal-
lenges of defining treatment success objectively. In en-
dodontology, the primary goal is to attain and preserve the
health of the periapical tissues. Outcome measures have
been incorporated into endodontics for decades to analyse
whether this objective has been achieved, thereby docu-
menting treatment effectiveness, evaluating patient care,
and facilitating decision-making. Outcomes may be sub-
classified into those reported by clinicians and those from
the perspective of the patient.

While the delivery of endodontic care is patient centred,
outcomes are rarely patient defined. The outcome of en-
dodontic therapy has been traditionally examined from a
clinical perspective, with adjunctive imaging technology.
Outcome measures have prioritised the technical and clin-
ical aspects of treatment, with little emphasis on the pa-
tient perspective. With the advancement of a patient-cen-
tred model of healthcare in recent decades, the focus of
outcomes has changed. There has been an emerging inter-
est in measures that complement the classic goal of en-
dodontics from the patient’s perspective. These are termed
patient-reported outcomes (PROSs).

Despite the increasing volume of outcome research,
there is currently a lack of studies relating endodontic ther-
apy to these aforementioned outcomes.! Recently, endeav-
ours to develop a core outcome set (COS) for endodontics

have culminated in several publications on outcome report-
ing in systematic reviews.2> However, there remains a lack
of consensus on a unifying criterion for endodontic out-
comes, with clinicians, researchers, and patients all con-
tributing differing ideas of what constitutes success.

The objectives of this review are to explore the current
use of PROs in endodontology, establish the potential value
of including these measures in future endodontic care and
research, and to examine the necessary prerequisites for
their adoption into a COS for endodontics.

OUTCOMES: THEIR ROLE IN DELIVERY OF CARE

Endodontic therapy encompasses a range of treatment
modalities, including nonsurgical and surgical treatments,
vital therapies and retreatment procedures. The principal
aim of treatment is the prevention or elimination of pulpal
and/or periapical disease, to ensure the health of the peri-
radicular tissues and tooth retention. There is a strong
focus on outcomes of care in endodontics to determine
whether a treatment has been successful in achieving the
aforementioned objectives.

Outcomes may constitute any consistently anticipated,
measurable consequence of treatment to assess the effec-
tiveness of one therapy over another. Outcome analysis is
determinant to substantiate patient decision-making when
endodontic therapy is weighed against alternative treat-
ment options. Consequently, the availability of pooled data
within the literature is used to reassure the public in rela-
tion to the validity of endodontic treatment. Therefore, a
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clear definition of success and failure is essential when con-
sidering endodontics as a valid treatment option for a tooth
with pulpal and/or periapical disease.

HOW SUCCESSFUL IS ENDODONTIC THERAPY?

The outcome of endodontic treatment can be examined
across four distinct dimensions: clinical (absence/presence
of disease/pain); tooth longevity; economic; and, psycho-
logical, e.g. quality of life/satisfaction.# Endodontology has
traditionally used proxy clinical and radiographical para-
meters, based on a defined referential comprising clinical
and biological data collected about patients by clinicians.
Success or failure has been decided based on specific clini-
cal findings, in conjunction with radiographic evidence of a
healing periodontium.

A range of terminologies and instruments have been
proposed to describe successful root therapy, including
strict and loose criteria based on radiographical healing of
the periradicular tissues, used by Strindberg’s dichotomous
system, to dictate success. Given the ambiguity of terminol-
ogy in the past, the terms ‘favourable’, ‘unfavourable’ and
‘uncertain’ are currently preferred, in line with contempo-
raneous guidelines. Based on the aforementioned criteria,
endodontic therapy presents an efficacious treatment op-
tion.

LIMITATIONS OF CURRENT MEASURES

Clinical outcomes predominate in the literature when as-
sessing the effectiveness of endodontic therapy. A recent
scoping review found that only 3% of studies included PROs
as primary outcomes of endodontic care.5 Clinician-re-
ported outcomes (CROs) alone often fail to encapsulate the
functional and physiological impact of endodontic disease
and its treatment on the patient. While clinicians can make
objective observations regarding the effectiveness of en-
dodontic treatment, it is the patient who can most accu-
rately report on how treatment has impacted their life. Pa-
tients are unlikely to be aware of the pathophysiology of
endodontic disease, but are sensitised to treatment-related
factors, alongside concerns over retaining a functional
tooth. Consequently, these traditional CROs appear to be
more relevant to clinicians and researchers than they are to
patients.

Additionally, clinical outcomes fail to adequately cap-
ture patients’ experience, from the care they receive to its
effect on their oral health and quality of life. The patient,
even in the absence of objective signs of treatment failure,
may be dissatisfied with the treatment outcome if pain or
other features are present. Clinical and radiographic crite-
ria may be irrelevant to patients, who may base their idea
of success on personal values and expectations, rather than
the presence of healing periradicular tissues. Indeed, even
radiography to assess periapical healing has its limitations,
with one study concluding that different evaluators agreed
on a diagnosis less than 50% of the time.® Therefore, clin-
ical and radiographic measures should not be used as the
sole means of analysing endodontic outcomes.

A CHANGING PERSPECTIVE ON HEALTH

The traditional view of oral health has changed over the
years, from a narrow, reductive perspective, to one that
recognises how oral health impacts daily living. The bio-
medically oriented, paternalistic view is being replaced by a
more patient-centred approach, with emphasis on the dis-
ease process within the wider context of health.” This has
led to a paradigm shift in the delivery of oral healthcare to
assess treatment needs and outcomes from a patient’s per-
spective, rather than relying on the perspectives of clini-
cians alone. The World Dental Federation (FDI) has empha-
sised that endodontic disease should be considered within
the greater context of health, a concept known as endodon-
tic medicine.8 The adoption of a patient-centred approach
in endodontology aims to eliminate disease, alleviate pain,
restore function, and improve quality of life, representing a
multifaceted, modern approach to care.

PATIENT-REPORTED OUTCOMES

Assessment of treatment outcomes from a patient perspec-
tive is an integral component of evidence-based practice,
as it is linked to patients’ expectations from treatment.
Clinicians often focus on short-term outcomes by providing
treatment, rather than providing overall health outcomes
through patient-centred care. Considering the views of the
patient may serve to complement or even challenge the
viewpoint of clinicians.

Outcomes reporting on the status of patient health,
without interpretation by a clinician, are known as PROs.
PROs include a broad range of measures but commonly re-
flect tooth survival, quality of life (QOL), function and pain.
Such outcomes are also likely to consider patient expec-
tations, alongside their desire to participate in their care.
The European Society of Endodontology has published a
consensus document to highlight appropriate outcomes to
assess the effectiveness of endodontic therapies, in a bid
to develop the S3-level clinical practice guidelines for the
management of pulpal and periradicular diseases (Table 1).

PATIENT-REPORTED OUTCOMES IN
ENDODONTICS

There has been a growing interest in the field of endodontic
research regarding patient perspectives on treatment and
how oral disease can affect an individual’s life.? While PROs
have been researched extensively in healthcare, they have
only become of interest in endodontics in the last two
decades. According to Azarpazhooh et al., the number of
PRO studies has increased from a single study in the 1990s
to equate to 36% of all outcome-based endodontic research
in the 2010s.5 To assist in systematic review reporting, re-
cent online Delphi surveys were conducted to ascertain out-
comes relevant to endodontics from the clinical and patient
perspective, and their relative importance was ranked.10
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Outcome
Pulpitis Survival

Pain

Evidence of emerging radiolucency

Response to pulp testing

Function

Meed for further intervention

Adverse effects
OHRQoL
Sinus tract

Evidence of continued root formation

Non-surgical treatment Survival

Pain

Evidence of emerging radiolucency
Evidence of normal PDLS

Function

Need for further intervention

Adverse effects
OHRQoL
Sinus tract

Surgical treatment Survival
Pain

Sinus tract

Evidence of reduced lesion size
Evidence of normal PDLS

Function

Need for further intervention

Adverse effects

OHRGoL

Mobility
Regenerative treatment Survival
Pain

Sinus tract

Evidence of reduced lesion size
Evidence of increased root thickness

Function

Adverse effects

Meed further intervention

OHRQoL
Sinus tract
Response to pulp test

Type of outcome Importance

PROM Most critical
CROM/PROM Critical
CROM Critical
CROM Critical
PROM Important
PROM Important
PROM/CROM Important
PROM Important
CROM Important
CROM Important
PROM Most critical
CROM/PROM Critical
CROM Critical
CROM Critical
PROM Impertant
PROM Important
PROM/CROM Important
PROM Important
CROM Important
PROM Most critical
CROM/PROM Critical
CROM Critical
CROM Critical
CROM Critical
PROM Important
PROM Important
PROM/CROM Important
PROM Important
CROM/PROM Important
PROM Most critical
CROM/PROM Critical
CROM Critical
CROM Critical
CROM Critical
PROM Important
PROM/CROM Important
PROM Important
PROM Important
CROM Important
CROM Important

Table 1. Outcome measures to assess the effectiveness of endodontic treatment for pulpitis and apical
periodontitis for use in the development of European Society of Endodontology (ESE) S3-level clinical practice

guidelines.10

Abbreviations: PROM - patient-reported outcome measure; CROM - clinician-reported outcome measure.

TOOTH SURVIVAL AND FUNCTION

Tooth survival has been reported as the most critical out-
come in endodontics. A tooth is said to have survived if it
remains as part of the dentition while maintaining func-
tionality.!! Survival rates for endodontics are uniformly
high in the literature (Table 2). Even with some persistent
disease, if a tooth is asymptomatic and functional, the pa-
tient may deem this a success, and may opt not to have fur-
ther treatment completed, highlighting patient autonomy
in setting less demanding goals for treatment. The impact
of accepting a tooth with periapical disease is unknown,

and more research is needed concerning the risks associ-
ated with retaining such a tooth. Despite its importance,
the representation of this outcome in the literature is low.>

PAIN, TENDERNESS AND NEED FOR MEDICATION

Preoperative pain is the main driving factor that influences
a patient’s decision to seek treatment and is the most con-
sistently reported PRO in the literature.24 As such, attain-
ing a pain-free tooth often overrides all other consider-
ations for the patient. Therefore, postoperative pain is a
critical outcome to consider. While pain is an important
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Author Study design Teeth treated Follow-up Survival (%)
Fransson et al., 2016™ Population-based survey 248,299 5-6 90
Fernandez et al., 2017% Sample from patients treated as part of postgraduate programme 132 10 92
Ng et al., zo010™ Systematic review 2-10 86-93
Lin et al, 2014 Population-based survey 517,234 3 94
Landys Boren et al., 2015 Sample from referrals to endodontic centre 420 10 82
Raedel et al., 20157 Insurance registry 556,067 people 3 89
Pratt et al., 2016 Retrospective postgraduate treatments 882 8 88
Ramey et al., 2017 Sample from air force treated by general dentists and specialists 1,960 4 94
Khalighinejad et al., 2017% Molar teeth treated at specialty education programme 315 9 94
Pirani et al., 2018 Retrospective treatments by postgraduate students 213 10 92
Kwak et al., 2019% Population-based survey 3 million 5 91
Kebke et al., 20212 Cohort study 280 10 82

Table 2. Studies using tooth survival as a primary outcome (adapted from Fransson and Dawson, 2023).11

Author Study design

Dugas et al., 2002° Cross-sectional
He et al., 2017% Prospective
Chew et al., 20197 Prospective
Hamasha and Hatiwash, 2017%# Prospective
Wright et al,, 2009* Prospective
Gatten et al., 2011 Cross-sectional
Yu et al,, 20123 Cross-sectional
Igbal et al., 2020% Cross-sectional
Wigsten et al., 2020 Prospective

Liu et al, 2014* Prospective

Sample size Improved QoL
19 Yes
52 Yes
1,096 No
302 No
63 . No
37 No
127 No
57 Yes
85 No
253 Yes

Table 3. Studies investigating quality of life before and after endodontic treatment.

factor to consider in treatment planning, it is arguably the
impact this has on a patient’s daily life that is of most rel-
evance to understand disease burden and the benefit en-
dodontic therapy can provide.

QUALITY OF LIFE

Quality of life (QoL) has been reported as an ‘important’
PRO to consider in endodontics. Endodontic pathology has
been associated with a diminished oral health-related qual-
ity of life (OHRQoL),2> due to pain/loss of function. En-
dodontic interventions have been shown to significantly
benefit patients’ QOL across all endodontic subspecial-
ties.26 Similar levels of OHRQoL improvement are reported
where endodontic care is contrasted with other interven-
tions in the primary care setting.2” However, this is not a
consistent finding in the literature (Table 3). The impact
of adverse effects of endodontic treatment, e.g., discoloura-
tion/allergies, on QoL should also be considered.

EXPECTATIONS/SATISFACTION

While not considered in the recent working group consen-
sus, meeting patient expectations is a fundamental ele-

ment of patient-centred care. Endodontic therapy has high
reported rates of satisfaction, with specialist care having
higher satisfaction than treatment in general practice.28
Certain factors have been linked with dissatisfaction, such
as costs and duration of treatment. Overall, a limited num-
ber of studies consider patient satisfaction as an outcome
of treatment.

HOW PROS CAN BENEFIT CLINICIANS AND
PATIENTS

The selection of appropriate PROs is crucial in the bid for
patient empowerment within endodontics and in the for-
mulation of positive care outcomes. Emphasising the psy-
chosocial well-being of patients results in a shift from dis-
ease treatment to improving a patient’s overall well-being.

In the delivery of holistic, patient-centred care, some au-
thors believe that the patient is in the ideal position to
evaluate the care they have received, with some disputing
the relevance of clinician-reported outcomes.3> While per-
sistent disease from a biological standpoint may represent
a failure, a functional, asymptomatic tooth may be seen as
successful to the patient. One study found that 97% of a
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cohort who had received endodontic treatment were satis-
fied with their treatment, even though 96% had evidence
of disease present.” While the foremost goal of endodon-
tic therapy should be the treatment of apical periodontitis,
the decision to instigate further interventions must be mu-
tually decided with the patient, with consideration for per-
sonal values, risks and monetary concerns. Success is said
to be in the eye of the beholder, and PROs may serve as a
normative guide to the clinical action that should be taken
in the presence of emerging/persistent disease.36 This must
be carefully considered alongside the risk of future disease
progression.

PROs may help clinicians to understand patient expec-
tations from treatment, which is necessary to ensure that
clinician and patient goals are aligned, leading to increased
satisfaction and improved clinical outcomes. Research has
demonstrated that considering the feedback obtained from
patients relating to the outcomes of care can improve ad-
herence to treatment and post-treatment instructions.3’
While practitioners may strive for complete healing, pa-
tients often set less demanding expectations once they can
retain the tooth without pain. Therefore, patient-centred
care allows clinicians to holistically evaluate the appropri-
ateness of different treatment options in light of the pa-
tient’s needs and values.

For a tooth that requires endodontic therapy, a range
of options exists outside the realm of endodontic therapy.
PROs may facilitate appropriateness in the treatment op-
tion chosen when consideration is made for factors beyond
cost, such as complexity and the benefits to QoL from the
preservation of the natural dentition.

THE DEVELOPMENT OF A CORE OUTCOME SET
FOR ENDODONTICS

The implementation of evidence-based practice into the
clinical setting requires integrating results from high-qual-
ity primary research. To overcome the emphasis on techni-
cal, clinician-focused outcomes, there has been interest in
the formulation of an agreed set of standardised outcomes
in endodontic trials, as seen in other areas of dentistry.38
The importance of a COS has been highlighted by the Grad-
ing and Recommendations, Assessment, Development and
Evaluation (GRADE) group, an international system that
assesses the evidence and quality of healthcare research, to
form the basis for recommendations in endodontics.

While a limited COS has been published as part of the
S3-level clinical practice guidelines development process,
recent endeavours have seen the publication of an a priori
protocol to reach a consensus on the most critical outcomes
to consider in endodontic care, alongside how best to mea-
sure them and intervals for their follow-up.39 The critical
aspect of this COS is that the patient is the primary focus,
thereby highlighting outcomes that may not have been
identified previously. Considerations for PROs at the centre
of the COS will bring greater attention to patient-related
domains in the future, allowing the formulation of more
meaningful, evidence-based conclusions, with an emphasis
on the impact of endodontic therapy on patients.

FUTURE CHALLENGES

There is a need for sensitive instruments to accurately mea-
sure specific PROs, which can discriminate between pa-
tients with and without endodontic problems, as well as
differences in PROs pre and post treatment. Current instru-
ments, such as the Oral Health Impact Profile 17 (OHIP-17)
for QoL, lack the necessary validity and sensitivity to allow
comparisons to be made between studies. Alongside the use
of ad hoc instruments, the lack of standardisation between
studies precludes reliable comparisons from being made.40
To improve reporting consistency, some authors have pro-
posed assigning outcomes to specific domains using the 6D
model (Table 4).5 The implementation of disease-specific,
multi-dimensional, standardised measures may be required
before the inclusion of PROs within the COS for endodon-
tics.41

DISCUSSION

Outcomes have been an integral component of endodontic
therapy for decades. The purpose of analysing a defined
set of outcomes is to ascertain treatment effectiveness and
quality of care. Patients cannot make informed decisions on
which therapy to choose without being afforded informa-
tion regarding the expected outcomes from that treatment.
The selection of well-established outcomes is critical in the
current age of evidence-based dental care, allowing clin-
icians to make, defend and analyse clinical decisions, to-
gether with the patient. Consideration of PROs may result
in an improvement in the quality of care, as well as enhanc-
ing the effectiveness of treatment interventions.42

The upsurge of evidence-based, patient-focused prac-
tices has prompted the endodontic community to recon-
sider outcomes of care. While clinician-focused measures
are still necessary, the importance of patient-reported mea-
sures has become more apparent in recent years. Current
evidence has demonstrated improved outcomes of care
when these measures are employed alongside clinician-
based outcomes.

Despite its importance, no core outcome set for en-
dodontic treatment (COSET) currently exists. The selection
of relevant outcomes is essential for the formulation of
practice guidelines and for conducting systematic reviews
of the literature using the GRADE framework.43 Adapting
current models to incorporate the COSET to include clini-
cian-based and patient-reported outcomes is fundamental
in the modern era of evidence-based endodontic care, as
the patient is recognised as a key stakeholder in future
guideline development.l® With the inclusion of PROs in
outcome reporting, their use is likely to increase, providing
valuable information in relation to their benefit in the de-
livery of endodontic care in the future.

The scarcity of studies investigating PROs is problem-
atic. Integrating PROs into future outcome studies may tai-
lor research questions toward patients and report on those
aspects that hold value for them.44 Additionally, the cur-
rent state of instruments to measure PROs is insufficient
to facilitate comparisons between studies. Valid, sensitive
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Outcome Adaptation to endodontics Type of measure Patient or clinician focused
Death Fatality due to endodontic cause, i.e., extraction Survival Patient focused
Disease Signs/symptoms of pulpal/periapical disease Success Clinician or patient focused
Discomfort Pain; evoked or spontaneous, swelling Pain Patient focused
Disability Inability to undertake daily activities due to endodontic disease OHRQoL Patient focused
Dissatisfaction Emotional aspect of disease and/or its care Satisfaction Patient focused
Destitution Costs from disease Treatment costs Patient focused

Table 4. 6D model for outcomes in endodontics (modification of Fletcher and Fletcher’s 5Ds model, adapted from

Azarpazhooh et al., 2022).5

instruments may be necessary before the analysis of PROs
can become more mainstream.

CONCLUSION

Outcomes in endodontics have advanced from the dogmatic
criteria of Strindberg towards a patient-focused model, with
an emphasis on the elimination of symptoms and ensuring

tooth survival, even if some areas of periapical disease re-
main present. A comprehensive, evidence-based approach
to assessing endodontic outcomes should consider the judi-
cious selection of PROs, alongside well-validated, clinician-
based views, in the bid for patient empowerment, satisfac-
tion with care, and enhanced health outcomes.
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