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HEADLINE

This paper is concerned with uncertainties and decision
making in endodontics. Uncertainties are of different
kinds; risk, fundamental uncertainty, ignorance and
indeterminacy. The various types of uncertainties that are
involved in the process of clinical making decisions are
briefly reviewed in case of an injured vital pulp, a necrotic
pulp with apical periodontitis and finally a root-filled
tooth with a persistent apical lesion.
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Uncertainties and
decision making in
endodontics

Thomas Kvist, Bjgrn Hofmann, Joséphine Brodén and Leo
Tjaderhane

Professional judgments in endodontics as in any medical discipli-
ne must be based on qualified estimations of the probability and
value of relevant outcomes. In this paper, we briefly discuss how
attention to various types of uncertainties are involved in the

most common endodontic decision-making situations.

Uncertainty

There are many kinds of uncertainties that are relevant to decisi-
on-making in endodontics (1, 2). First there are situations where
the outcomes are well known, and we know the probability distri-
butions of these outcomes. That is, we know what might happen,
and we know the probability that it will happen. For example, we
know that some vital teeth will become necrotic following crown
preparation and we know its probability distribution. This is frequ-
ently referred to as risk. However, oftentimes we know the outco-
mes, i.e., what might happen, but we do not know the probability
distributions. This is called fundamental uncertainty. This, of cour-
se, makes it more difficult to make decisions, and we try to reduce
fundamental uncertainty to risk by expanding evidence. However,
we may also encounter situations where we do not know the outco-
mes. That is, unexpected things may happen. This is called ignoran-
ce in philosophy of science as in ordinary language. For good and
bad, we need to be aware of such unexpected outcomes. As with the
discovery of X-rays, unexpected consequences can be beneficial.
However, they can also be detrimental. One additional kind of un-
certainty is not related to knowledge of outcomes and their proba-
bility distributions. It is related to how we define things. Pulpitis can

be defined and classified in different ways, and presence of apical
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periodontitis, particularly in connection with root filled teeth, can
be determined in a variety of ways. Which definitions and measures
we apply may depend on what we want to obtain, i.e., our social
commitments. This type of uncertainty is frequently called indeter-
minacy. Hence, when we make decisions, it is crucial that we base
them on evidence that applies definitions and measures that are re-
levant to the specific case that we are treating. In sum, we face with
four types of uncertainty that are relevant for decision-making: risk,

fundamental uncertainty, ignorance, and indeterminacy.

Decision making

When practicing, the dentist constantly makes a lot of decisions of
various kinds. The term “clinical decision making” usually refers to
the management of three fundamental questions. “What is the pro-
blem?”, “What are the possible solutions?” and “What is the best
solution for this patient”? (3). Clinical decision-making can be exa-
mined from both a descriptive and normative approach. Descripti-
ve projects aim at mapping out and explaining clinicians’ reasoning
and how they make decisions. Normative projects, on the other

hand, are involved with how decisions should or ought to be made.

Descriptive decision making

Several models have been suggested to describe how clinicians
make decisions (4). Some investigators have concentrated on the
artistic, or intuitive, aspects of clinical practice (5, 6). Using “judge-
ment analysis” researchers have tried to reveal the pieces of infor-
mation or “cues’, used at conscious or unconscious levels, that effect
a person’s decision-making (7). In a series of investigations Tversky
& Kahneman explored the idea that people most often rely on a
small number of heuristic principles to make decisions. Their im-
portant empiric supported insights into human thinking have been

summarized in an easy-to-read bestseller (8).

Normative decision making

There is no general agreement of the right way to make decisions
clinical decisions. Dentistry, like medicine, is an applied science.
Since each patient is unique and have distinctive preferences, it can
be tricky to decide how to apply the science and evidence to each
individual situation. Each clinician compiles their own data and
constructs an argument based on their interpretation of “facts”. The
strength of their case will depend on the way they collect and in-
terpret information (9). The patient’s participation in the process is
central. Autonomy, or self-determination, means that an individual
has the right to decide on matters regarding his/her own body,
mind and life. The right to autonomy has a strong foundation in

diverse ethical theories (10) and includes a person’s right to decide
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KEY BOX 1

THE CORE SKILLS OF A PROFESSIONAL
PRACTITIONER.
+ Evidence awareness.
Being up-to-date with best available evidence and practice
guidelines.
Communication competence.
Listening to patients’ experiences, values, and preferences and
to be able to communicate information in a comprehensible
way.
Clinical experience.
Gathering years of experience in clinical practice and learning
to recognize patterns. Sharing experience with and learning
from colleagues.
Critical thinking.
Recognizing emotions, personal attitudes, and bias in
reasoning and assumptions.
Self-reflection.
Using feed-back from others and the outcomes of previous
decisions to consider possible future improvements.

on his/her health care. To be able to make an autonomous decision,
the dentist consequently must to the best of his/ her ability provide
the patient with all relevant facts; the findings, the etiology of the
disorder, the various possible options to deal with the situation,
risks, and probable long-term outcome with or without any treat-
ment. The clinician must also be able to discern the essential cir-
cumstances that characterize the specific situation and needs. A
two-way communication of shared information and decision-ma-
king should always precede a medical decision whether to treat or
not. At the center is the patient’s right to accept or decline treatment
suggested by a clinician, be it detrimental or beneficial. There are
some core skills that the professional needs to acquire to make good

decisions as often as possible (Key box 1).

Clinical decision analysis

The theoretical framework of clinical decision analysis is based on
“expected utility theory” (11). The model was introduced to medi-
cine by Ledley & Lusted (12) and has received much attention in
medicine but less so in dentistry.

According to its proponents, a decision problem should be stru-
ctured into a “decision-tree”, which (i) logically displays available
actions and their possible consequences. Then (ii) the listed outco-
mes are assessed regarding probabilities and subjective values
(“utility”). After this (iii) the weighed sum (expected utility) of each
strategy is computed, and (iv) the action with the highest sum is

chosen.
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Within endodontics, a decision analysis approach has been ap-
plied for example to the selection of treatment strategies in teeth
with apical periodontitis (13), direct pulp capping procedures (14).

Even though the validity and usefulness of decision analysis has
been questioned as a normative model for making clinical decisi-
ons, it benefits from pointing out two equally essential components:
empirical facts and subjective values of the patients or other stake-

holders. Moreover, the model includes one type of uncertainty, i.e.,

risk. Additionally, the expected utility may be subject to indetermi-

nacy.

Decision-making in endodontics

As listed in Key box 2, within the context of clinical endodontic
decision making mainly correspond to one of three conditions re-
garding a particular tooth. An overview of clinical endodontic de-

cision-making is illustrated in Figure 1.
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Figure 1. Decision making in endodontics at a glance. In the squares, there are conditions or
situations where a clinical decision needs to be made. The circles represent uncertainty after a
decision and action. Conditions in italics represent final outcomes where no further clinical decisions
need to be made. The other end-points may require further decision making
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Decision making in case of an injured but vital dental pulp
The uncertainty in determining the pulp’s potential to heal

Vital pulp treatment can be defined as “strategies aimed at maintai-
ning the health of all or part of the pulp” (15). The ultimate aim is to
avoid an unnecessarily invasive procedure, root canal treatment,
which is more costly, more time-consuming and associated with the
risks of complications, including the development of apical perio-
dontitis. Which, all in all, increases the risk of tooth loss. The su-
ccess of vital pulp treatment depends on the type of treatment and
on the inflammatory state of the pulp. For example, the success rate
for partial pulpotomy can vary from over 95% in young teeth where
the pulp was exposed by trauma (16) to under 40% in mature teeth
where the pulp was exposed by deep caries and the tooth had a
history of pain (17). For teeth with pulp exposure due to trauma, a
vital pulp treatment (direct pulp capping or partial pulpotomy) to
maintain the vitality of the tooth is generally recommended as a
first choice (18).

When the pulp is exposed due to caries the decision making re-
mains controversial. Traditionally, the pulp state has been classified
into reversible and irreversible pulpitis. It was thought that the pulp
vitality could only be maintained in teeth where the pulp state was
classified as reversible pulpitis. Methods to determine the level of
pulp inflammation into a reversible or irreversible state have been
through anamnesis (history of pain), clinical tests and radiographic
examination. Clinical indicators that have been linked to treatment
failure after vital pulp treatment are conspicuous bleeding from the
pulp on exposure (19) and extremely deep caries (20). Unfortuna-
tely, there is not enough evidence that a treatable pulpitis can be
distinguished from non-treatable pulpitis with the methods so far

used to assess the level of pulp inflammation (21). The use of the

KEY BOX 2

THREE COMMON ENDODONTIC DECISION-

MAKING SITUATIONS.

« In case of a decayed or injured tooth - How severely damaged
is the pulp? What are the options if the pulp is still vital? What
are the advantages and disadvantages of keeping the pulp vital
in this case?

In case of a tooth with a suspected necrotic pulp and apical
periodontitis - How should pulp necrosis and AP be confirmed
or rejected? If the pulp is necrotic, is the root canal treatment or
extraction preferable to this tooth and this patient?

In case of an asymptomatic root-filled tooth but with
radiographical signs of non-healing apical periodontitis - Does
the condition (tooth; patient) need attention, monitoring or
treatment? If yes, what is the best treatment option; retreat-
ment, surgical intervention, or extraction?
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terms “reversible” versus “irreversible” pulpitis thus is an example
of indeterminacy since these terms consciously or unconsciously
may control the clinician’s choice of treatment. Focus on minimally
invasive techniques, antiseptic protocols and new materials has aro-
used interest in the possibility of successful vital pulp treatments in
teeth with signs and symptoms previously considered to be signifi-
cative of irreversible inflammation (22). In teeth with pulp exposu-
re due to caries some studies have demonstrated a better prognosis
for vital pulp treatment with tricalcium silicate cements compared
to calcium hydroxide (23). The efforts to find evidence for pulp sur-
vival probability is an example of reducing fundamental uncertainty

to risk.

Weighing the advantages and disadvantages of saving the pulp
The advantages with vital pulp treatments are their minimally inva-
sive approach, retaining healthy pulp and preventing apical perio-
dontitis (19). Health economic evaluations indicate that pulp cap-
ping is a cost-effective alternative to root canal treatment in adults
under the age of 50 with occlusal caries pulp exposures (24), and in
permanent teeth in children and adolescents (25). Retrospective
studies indicate a poor outcome of root canal treatment in children
and adolescents. In one retrospective study apical periodontitis was
found in 52% of the root filled teeth (26), and another study estima-
ted the 5-year pulp survival probability to lower than 50% for root
filled teeth in children aged 6-11 (27).

However, both in children and adults the advantages with vital
pulp treatment in teeth with pulp exposure due to caries must also
be weighed against the risk for pain. In one study, the majority of
patients in whom the pulp capping or partial pulpotomy failed, it

was because they developed intensely painful symptoms (17).

Decision making in a necrotic tooth with apical periodontitis
Clinical decision regarding the treatment of a tooth with a necrotic
pulp with apical periodontitis requires thorough consideration.
Root canal treatment is the only option to conserve the tooth and at
the same time establish healthy periradicular tissues. In addition to
the mere evaluation of the endodontic conditions of the tooth, the
dentist also has to evaluate the patient’s general and oral health con-
dition, his or her preferences and compliance and the practicality of
restoring the tooth. Also, the costs need to be evaluated against the
potential benefits and harms, and comparing alternative options,
i.e., extraction with or without replacement. The issues involved in
the decision making can be summarized in three cornerstones: the
patient, the tooth, and the overall prognosis. The clinical questions
that need to considered before starting a root canal treatment are
listed in Key box 3.

117



fidende - Nodisk tema: Endodonti - Uncertainties and decision making in endodontics

KEY BOX 3

CLINICAL QUESTIONS OF IMPORTANCE TO THE
DENTIST AS WELL AS THE PATIENT BEFORE
DECIDING ON STARTING ROOT CANAL TREAT-
MENT OF A TOOTH WITH NECROTIC PULP AND
APICAL PERIODONTITIS.

« Is tooth survival beneficial for the patient’s general health?
Is the tooth functionally and aesthetically strategic?
What is the patient’s attitude towards the condition and root
canal treatment?
Is the tooth possible to isolate and to restore?
What is the prognosis of root canal treatment in terms tooth
survival, tooth comfort and healing periapical tissues?

The role of systemic disease in relation to decision making of teeth
with apical periodontitis and root canal treatment is not obvious. For
example, in diabetic patients the healing of the periapical disease is
significantly slower or impaired (28). In case the root canal infection
cannot be eliminated or at least greatly reduced, the risk of local
symptoms and adverse effects on the general health due to chronic
periapical inflammation must be assessed (29). On the other hand,
saving teeth by root canal treatment may be beneficial for general
health (30) while high frequency of lost teeth is associated with poo-
rer general health (29) or even mortality (31). The issue of the conne-
ction between endodontic inflammatory disease and various detri-
mental effects on systemic health are so far an example of
fundamental uncertainty. We know that there are associations, but a
lot of research remain to be done until we will know the risks.

Usually, the tooth requiring root canal treatment has lost much
of the tooth structure and/or has already been extensively restored.
Loss of coronal structure due to caries and cavity preparations ine-
vitably reduce the tooth mechanical fracture strength, and loss of
proximal walls creates a wedge effect. Adequate restoration of a root
filled tooth is considered important for the long-term success both
in relation to tooth survival as well as healing of the periradicular
tissues (32).

Sufficient remaining tooth structure and maintaining cavity
walls that allow the ferrule effect and indirect restorations with
cuspal coverage in premolar-molar regions (32) are the predomi-
nant factors determining survival of endodontically treated teeth
while positive effect of post has not been confirmed (33). The last
tooth in a row, especially those without proximal contacts, and in-
creased periodontal probing depth associated with a crack increase
the risk of failure (32). Considering all these factors, taking also into
account the patient preferences, help the clinician to decide what

are the chances of long-term success.

118

2023 -

Root canal treatment, especially in molars, often involves exten-
sive technical difficulties. The dentist’s skill, experience and faciliti-
es vary, and sometimes it is difficult to estimate the difficulty level
before the initiation of the treatment. In any case, the dentist needs
to consider whether the root canal treatment might be best perfor-
med by a specialist.

There’s a number of tools to aid in the endodontic case difficulty
assessment, that allows the scoring of anamnestic, patient- and
tooth-related conditions summing up to the total difficulty level. A
recent tool is the Dental Practicality Index (DPI) (34), which takes
into account also the practicality of the endodontic-restorative tre-
atment. As the DPI score increases, more careful reflection of the
alternative options is warranted (34).

Extraction and an implant is sometimes seen as an alternative to
endodontic treatment. Regardless of a chosen approach, the aim is
to build a good coronal structure: endodontic and restorative treat-
ment or implant are only ways to get there. Before going for an im-
plant, there are several aspects that may affect the prognosis of both
endo and implant are worth of thought before choosing an implant
over endodontic treatment (35). Implants tend to require significa-
ntly more post-treatment interventions than endodontically treated
teeth (36). And root canal treatment is highly cost-effective compa-
red to the implant as a first line intervention (37). Sometimes, a fi-
xed prostheses construction may be the best option that trumps
both a root canal treatment and an implant (35). The alternative of
extracting a severely damaged tooth in need of root canal treatment
and leaving the site without replacement can also sometimes be the

best alternative, not least in the posterior molar region.

Decision making of a root filled tooth with apical
periodontitis

Based on studies undertaken at universities, dental hospitals and
specialist clinics, the expected healing rate of apical periodontitis
following adequate root canal treatment is in the range of 85% -
96% (38).

However, in epidemiological studies the prevalence of persistent
apical periodontitis in root filled teeth is 25%- 50% (39). The majo-
rity of cases remain more or less asymptomatic over many years
(40) and thus are diagnosed at a routine examination or as an inci-
dental finding.

According to the prevailing academic paradigm, a root filled
tooth with apical periodontitis is defined as an “endodontic failure”
and thus implies a clinical decision and action (41, 42). The repea-
tedly demonstrated variation in clinical decisions and in particular
the reluctance among practitioners to institute retreatment has bot-

hered scholars in endodontology since the 1980’s (43).
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The sources of the variation fall into two main categories of disa-
greement; facts and values (44). It is a fact that there is lack of solid
scientific evidence for questions regarding both diagnosis of a “fai-
lure” and outcome of retreatment (21, 45). That is, we lack knowled-
ge about the probability distributions for all outcomes (fundamen-
tal uncertainty) and there may be outcomes that we have not taken
into account (ignorance). In particular, few studies have reported
the consequences regarding a conservative no-intervention alterna-
tive (39). However, a lot of the variation stems from issues about
different perceptions of disease, and values concerning the conditi-

on (45), i.e., to indeterminacy.

Summary and conclusion

As we have illustrated in this article, in many cases we know the
outcomes and their probabilities, i.e., we know the risk. Informing
patients about risk is not easy, as risk communication and percepti-

on can be biased. Handling risk is not easy for professionals either,

as you do not know how this particular patient fits in the spectrum
of available evidence and specifically what will happen with this
particular patient. As we have illustrated, the evidence is not always
clear as various studies may have diverging results. Hence, we have
some indication of risk, but are not well informed about the proba-
bility distribution. However, we are on the move from fundamental
uncertainty to risk. In this progress, knowledge elicited by good
clinical research is of paramount importance. Meanwhile, we may
arrange consensus conferences, protocols and statements making
judgments based on the best available evidence, establishing profes-
sional paradigms. While these may serve as useful heuristics, it is
crucial to maintain critical reflection on their validity and utility.
Moreover, we must always try to be alert to the unexpected (ignor-
ance) and to improve the definitions of our basic concepts, in order
to reduce indeterminacy. We should refine and define the concepts
in ways that make us best able to help patients with their pain and

suffering, i.e., in alignment with our professional duties.
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