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Abstract

In any medical treatment modality, outcome assessment is a major step. For root
canal treatment, this primarily means looking at clinical symptoms and assessing
radiographs. Moreover, retention is also an important outcome parameter and in
this regard questions remain in regard to the association of endodontically treated
teeth and overall health of the patient. Therefore, this chapter is dedicated to
outcome assessments and decision-making for endodontically treated teeth.
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This comprehensive summary evaluated methods used by dentists to diagnose,
prevent and treat inflammation and infection of the dental pulp. Root canal therapy
(endodontics) is conducted to ensure healthy conditions in and around teeth, which
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8.1 Introduction

Pathosis of endodontic origin develops as a response to microbiological challenges
and is mainly a sequel to dental caries. Trauma may be a frequent reason for end-
odontic treatment in incisors and premolars. But since this book is about molar
endodontics, particular aspects on trauma will not be covered in this chapter. In
many situations, both pulpitis and apical periodontitis evolve despite the lack of any
clinical symptoms and are detected during routine dental visits. However, root canal
treatment is mainly initiated because of pain from affected teeth. When people
become sick and are suggested a treatment, they have many questions about how
their illness and the treatment will affect them. This also holds true for diseases
emanating from the dental pulp and periradicular tissues. Some frequently asked
questions are likely to be as follows:

e What will happen to my tooth and my body if pulpitis or apical periodontitis is
left untreated?

e What different treatment options do I have if I decide to keep my tooth?

e After treatment, will my symptoms disappear?

* How do disease and treatment affect my risk of losing the tooth?

e Will treatment cure pulpitis or apical periodontitis?

e Is there a risk of persistence or relapse of disease?

e What are my options, if persistence or relapse does occur?

* Would it be a better idea to take the tooth out?

e If so, can it be replaced?

8.2  Prognosis
8.2.1 The Scientific Basis for Statements Concerning Prognosis

Prognosis is a prediction of the future course of disease following its onset with or
without treatment. Studies on prognosis tackle the clinical questions noted above. A
group of patients with a condition such as pulpitis or that have a particular treatment
in common, such as root canal treatment, is identified and followed forward in time.
Clinical outcomes are measured. Often, conditions that are associated with a given
outcome of the disease, that is, prognostic factors, are sought. This is a difficult but
indispensable task and may be affected by biases that have to be controlled in these
studies. The objective is to predict the future of individual patients and their affected
teeth as closely as possible. The intention in the clinical setting is to avoid stating
needlessly vague prognoses and answer with confidence when it is deceptive.
Therefore, relevant studies aiming to answer the clinical questions must be scruti-
nized for quality.

The examination comprises evaluation of relevance with regard to subject matter
and methodological qualities — study design, internal validity (reasonable protection
from systematic errors), statistical power, and generalizability.
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Experimental studies in laboratory animals and in vitro studies are generally con-
sidered to give only uncertain and preliminary answers to clinical questions. In order
to give trustworthy answers to specific clinical questions, only randomized controlled
studies, controlled clinical studies, and prospective cohort studies are considered to
give the basis for scientific evidence on clinical questions.

8.2.2 Statements About Prognosis in Endodontics

Unfortunately, in recent years, several careful analyses of the scientific basis for the
methods that we apply in endodontics have demonstrated extensive shortcomings
[1-15]. The situation is worrying for diagnostic and treatment procedures as well as
for evaluation of the results of our methods.

It is generally acknowledged by the profession, their patients, and society that
practitioners have gathered lengthy clinical experience and that results from in vitro,
animal, and clinical studies provide a basis for understanding how the pulp and the
periapical tissues respond to therapeutic interventions.

Certainly, many clinical investigations have confirmed that an inflamed pulp may
be successfully treated with a conservative procedure, that is, one that is retaining
the vital pulp. Yet, to date, there is no analysis available on which clinical conditions
define cases that are likely to respond well, and which treatment measures will ren-
der teeth functional and asymptomatic.

Many follow-up studies have also demonstrated that teeth with necrotic and
infected pulps can be treated endodontically to achieve a healthy outcome that can last
many years. This bulk of knowledge has repeatedly been presented in scientific jour-
nal reviews and textbooks of endodontics. There are, however, few clinical studies of
high scientific quality. Consequently, there is a lack of scientific evidence to show
which treatment protocols are the most effective and result in root-filled teeth with
minimal risk of recurrent symptoms, periapical inflammation, or loss of the tooth.

Randomized, controlled, and blinded trials are the standard of excellence for
comparison of treatment effects and are useful to observe a given treatment method
or procedure when all other variables are maintained. At the same time, it is impor-
tant to bear in mind that there are important parameters, which can influence treat-
ment results, but which cannot be easily controlled in clinical studies. Results of
clinical studies must be judged in relation to two broad questions:

* Can the diagnostic method or treatment work under ideal circumstances?
e Does it work in ordinary settings?

The label’s efficacy and effectiveness have been applied to these concepts. To a
certain degree, this may be a question of the clinician’s experience, ability, attention
to detail, meticulousness, and skill. It is seldom possible to assess to what extent such
factors influence the results of treatment studies or clinical evaluations. It is how-
ever reasonable to assume that in a discipline such as endodontics, these factors are
most important because of the technically complicated nature of many endodontic
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procedures. In particular, in molar endodontics, the diagnosis and treatment are often
complex, and the influence on the results of the operator cannot be overvalued. So
far, most clinical studies in endodontics have been conducted in academic or special-
ist settings (efficacy) where devices that substantially facilitate the technical proce-
dures and affect treatment outcomes are widely spread. For the future, it is important
that clinical research in endodontics is also conducted in general practice settings,
where the majority of endodontic procedures are performed (effectiveness). In this
chapter, we try to give an overview of the prognosis for endodontic treatments based
on the current and best available evidence and clinical experience, as it has been
presented in textbooks, at conferences, and other professional venues. Furthermore,
we point out some of the obvious knowledge gaps and controversies in the science of
clinical endodontics.

8.3  Natural History of Disease

The prognosis of a disease without interference is termed the natural history of dis-
ease. A great many teeth with pulpitis and apical periodontitis, even in countries
with well-developed dental care, often do not come under dental treatment. They
remain unrecognized, because they are asymptomatic or are considered among the
ordinary discomforts of daily living. Or, the patient may be suffering both pain and
other symptoms for a prolonged period of time, but because of economic limitations
has not been able to seek dental care.

Numerous teeth with only small caries lesions in the dentin, sometimes even when
lesions are confined to the enamel only, develop inflammatory changes in the pulp.

As long as the caries is still in the periphery, the pulp is regularly able to endure
the challenge caused by bacteria in the dentine. The quicker the progression and the
deeper the lesion gets, the more severe the inflammatory response in the pulp. When
the caries lesion continues to progress, pulp vitality is jeopardized. Once the bacte-
rial front extends into reparative dentin or the pulp tissue proper, it may finally reach
a point of no return. Pulp necrosis will sooner or later follow. It is known that the
disease can be severe without causing patients symptoms, even if the pulpitis even-
tually leads to pulp necrosis. Also, dental procedures and different forms of acciden-
tal trauma may cause injury, leading to pulp necrosis. In molars with two or more
roots, it is a common feature that in one root total pulp necrosis has already occurred,
while in another root, the pulp is still vital but severely inflamed.

Collapse of the dental pulp by any cause results in loss of the defense mechanisms
that can counteract microorganisms in the oral cavity from entering into the root canal
system. In cases of direct exposure such as caries or fracture, microorganisms rapidly
invade the available pulpal space. In apparently intact teeth, microorganisms will ulti-
mately find ways to access the root canal through fractures, cracks, or from accessory
lateral and furcal canals in teeth with periodontal breakdown. In restored teeth, the
pathway may be via dentinal tubules under restorations with marginal gaps. The inva-
sion of microorganisms is a prerequisite for the development of apical periodontitis.

As the microbiota of the mouth invades the necrotic pulpal tissue, an inflamma-
tory reaction, that is, apical periodontitis, will develop outside the root canal system
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adjacent to the foramina. One of the main features of apical periodontitis is the
appearance of an osteolytic area due to the increased activity of osteoclasts. In early
stages, the loss of mineral is not enough to be detected in traditional intraoral radio-
graphs. However, eventually, a visible periapical radiolucency will develop.
Inflammatory periapical lesions associated with an infected necrosis of the root
canal system may prevail without clinical or subjective signs (pain, tenderness,
sinus tracts, or swelling). However, symptomatic apical periodontitis may develop
spontaneously. Severe pain might develop with or without soft-tissue swelling.
Spread of an infection may occasionally lead to life-threatening conditions.
Abscesses can spread to the sublingual space and lead to elevation of the tongue
followed by occlusion of the airways or toward the eye and ophthalmic vein, which
in turn is in contact with the brain through the cavernous sinus.

The natural history of teeth with a necrotic pulp and apical periodontitis on a popu-
lation basis are to a great extent unknown. Some sparse information may be extradited
from the few longitudinal observational studies on teeth and endodontic status. For
example, Kirkevang et al. 2012 [16] presented data from a Danish cohort of 327 indi-
viduals who participated in three consecutive full-mouth radiographic examinations
with 5-year intervals. It was possible to follow-up 33 teeth with apical periodontitis
over a period of 10 years. At the last follow-up examination, five untreated teeth were
diagnosed without signs of apical periodontitis (15%) and five untreated teeth
remained with signs of apical periodontitis (15 %). Nine teeth had root fillings (27 %)
and fourteen teeth were lost (42 %). As a contrast, only 98 of 8225 teeth (1 %) without
apical periodontitis at baseline were lost during the same period. Ideally, prospective
longitudinal studies on natural history of necrotic teeth should include both clinical
and radiographic observations. However, there are ethical and practical considerations
making such studies, if not impossible, at least very difficult to implement.

8.4 Clinical Course

The term clinical course has been used to describe the evolution (prognosis) of disease
that has come under medical or dental care and treated in a variety of ways that might
affect the subsequent course of events. Treatment of pulpal and periradicular pathol-
ogy is inserted at different stages of disease development. As long as the pulp remains
vital, there is a possibility of reversing the progression of disease and preserve the
pulp. The advantage of preserving the pulp tissue is most obvious in the case of a
young permanent tooth with a large pulp chamber and undeveloped root, because
removing the pulp arrests root development. The dentinal walls in the root will then
be thin, increasing the risk of root fracture. A root-filled tooth in an adult also carries
with it the risk for fracture. The prognosis in terms of the survival rate of root-filled
teeth is not as good as vital teeth, especially in molars. Possible reasons include the
loss of proprioceptive function, damping property, and tooth sensitivity, once a vital
pulp succumbs to necrosis or is removed by pulpectomy. From a cost aspect as well,
the alternative of retaining all or some of the pulp is preferable. The clinicians’ chal-
lenge is to distinguish conditions where pulp can be preserved and cured (reversible
pulpitis) from those in which the pulp is so extensively damaged that the road to
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complete necrosis is inevitable (irreversible pulpitis). Unfortunately, there is no scien-
tific basis on which to assess the value of pain or other markers of inflammation
intended to differentiate between reversible and irreversible pulpitis [13].

8.5 Vital Pulp Therapies
8.5.1 Cariesin Primary Dentin

The most basic and simple treatment of reversible pulpitis consists of stopping the
progression of caries. Beyond a certain point, excavation of a caries lesion is con-
sidered necessary, and a filling is placed to restore the dentin. The prognosis of the
pulp after caries removal and placement of a filling is probably very good. However,
large cohort studies focusing on pulpal pathology after restorative procedures are
surprisingly rare. In a randomized trial investigating the dentine and pulp protection
by conditioning-and-sealing versus a conventional calcium hydroxide lining,
Whitworth et al. 2005 [17] studied a cohort of 602 teeth, which were restored with
composite fillings. Over a period of 3 years, 16 teeth (2,6 %) developed clinical
signs of pulpal breakdown. The residual dentine thickness is generally believed to
be a key prognostic factor in these situations. Deep lesions are considered being
more at risk for pulpal collapse than shallow ones.

8.5.2 Deep Caries

If the carious lesion with its bacterial front enters the primary dentin and progresses
into the reparative dentin zone or even into the pulp tissue proper, the inflammatory
response in the pulp becomes massive. In the above-mentioned study by Whitworth
et al. [17], pulp exposures appeared strongly associated with an unfavorable pulp
outcome. These observations have led authors to propose that treatment methods
where pulp exposure is avoided should be preferred over those in which the pulp is
at risk of being exposed [14].

There are basically two methods available to avoid exposure of the pulp: Indirect
pulp capping and stepwise excavation. With both methods, a layer of carious den-
tine is left undisturbed. The difference between the two methods is that in the for-
mer the tooth is left without further intervention, whereas the latter includes a
re-entry for checkup and possible further excavation at a later (3—6 months) session.
In a review published in 2013, eight clinical trials with 934 participants and 1372
teeth were scrutinized [14]. Four studies investigated only primary teeth, three per-
manent teeth, and one included both. Both stepwise and partial excavation without
re-entry reduced the incidence of pulp exposure in symptomless, vital, and carious
primary as well as permanent teeth. Therefore, these techniques seem to have clini-
cal advantage over complete caries removal in the treatment of deep dentinal caries.
Unfortunately, these studies have debilitating characteristics and do not provide the
scientific basis to evaluate differences in pulpal survival rates following immediate
complete caries excavation or stepwise excavation in the long term.
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8.5.3 Pulp Exposure

If the pulp is exposed, four more or less different treatment options are available.

The pulpal wound can be covered with a dressing (direct pulp capping).
Another approach is to remove the outermost layer of pulpal tissue and apply a
dressing to the wound (partial pulpotomy). Yet another option is to remove the
contents of the pulp chamber and locate the surface of the wound at the opening
of the root canal (pulpotomy). The most radical method is to remove all of the
pulp tissue from the pulp chamber and the root canals (pulpectomy) and replace it
with a root filling.

Caries is the most common cause of pulp exposure. The outcome of the three
above-mentioned treatment options available in order to retain the vitality of all or
part of the pulp (direct pulp capping, partial pulpotomy, and full pulpotomy) in
permanent teeth with cariously exposed pulps has been reviewed by Aguilar and
Linsuwanont [10]. Over a period of 3 years, a clinically favorable outcome (tooth in
an asymptomatic state without signs of pulpal necrosis and subsequent infection)
was in the range of 73-99 % with no conclusive advantage neither for any of the
three types of treatment, nor for clear answers as to what factors might influence
treatment outcome. It is a common opinion among clinicians that various symptoms
and clinical findings may indicate that the pulp is irreversibly inflamed. The signifi-
cance of persistent toothache, radiographic changes in the periapical region, abnor-
mal pain reactions to thermal stimuli, and/or abnormal bleeding from an exposed
pulp as signs for the prognosis of a treatment aimed to preserve the pulp has not
been studied sufficiently well. In another review of the matter, it was concluded that
there is limited scientific support that preoperative toothache increases the risk of
failure of direct pulp capping [9]. This Swedish comprehensive review applied
stricter inclusion criteria for studies. Their main conclusion on the topic was also
that there is no scientific basis for assessment of which method, direct pulp capping,
partial pulpotomy, or pulpotomy gives the most favorable conditions for maintain-
ing the pulp in a vital and asymptomatic condition (Box 8.1).

Box 8.1. Follow-Up After Treatments Aiming at Preserving a Molar’s
Pulp Vitality

Evaluation Signs of favorable outcome Checklist

Subjective symptoms Asymptomatic, comfortable, and functional

Restoration Good-quality restoration with no signs of caries
Normal positive response to thermal or electric pulp

Pulp sensitivity testing

Periradicular tissues

Clinical No signs of swelling, redness, or sinus tract

Periradicular tissues
Radiographic No signs of periradicular bone destruction

= R R B
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Pulpectomy

Complete removal of the pulp and placement of a root filling is the most extreme
treatment approach when a pulp has been exposed. The scientific literature on pulp-
ectomy is limited, and in particular there are no studies of direct comparison between
the results of pulp preservation therapies with pulpectomies. Furthermore, many
follow-up studies have not been able to make a clear distinction between teeth with
vital but inflamed pulps and necrotic ones. In a randomized controlled study [18],
the outcome of pulpectomy in one or two treatment sessions was assessed by a
single dentist specialized in endodontics who carried out the treatments. A majority
of the teeth in the study were affected by caries and had symptoms because of pul-
pitis. In both treatment groups, teeth were asymptomatic and without clinical and
radiological signs of periapical infection or inflammation in 93 % of the cases, with
a follow-up time up to 3 years.

In another clinical study [19], where supervised dental students carried out the
pulpectomies and root fillings, it was found that after an observation period of 3.5-4
years, teeth with positive bacterial samples at the time of root filling had a poorer
outcome than that of teeth with negative samples. Also, significantly more unfavor-
able outcomes were noted after 3.5—4 years than after 1 year of observation. The
findings are in concordance with the results of a review on the outcome of primary
root canal treatments (including pulpectomies) in which four conditions were found
to improve the outcome of primary root canal treatment significantly [4]. One of
these factors, the absence of periapical radiolucency, indicates that a noninfected
root canal is a prognostic factor favoring an outcome where no signs of apical peri-
odontitis will develop. Consequently, holding on to a strict protocol for asepsis
seems to be of importance when carrying out a pulpectomy.

8.5.4 Symptomatic Pulpitis

Many endodontic procedures begin in an emergency situation. Symptoms from an
inflamed dental pulp vary from only enhanced sensitivity to thermal, osmotic, and
tactile stimuli to conditions of severe lingering and tearing pain. Patients with pain
may require pulpectomy in the long term, but in an emergency situation pulpotomy
has a good effect. If pulpotomy can be applied with good results on longer term is
not well known [13]. A recent published study seems to indicate that pulpotomy in
molars performed with biocompatible materials may be as successful as pulpec-
tomy in achieving favorable clinical results when performed by general dental
practitioners [20].

8.6 Treatment of Pulp Necrosis and Apical Periodontitis
8.6.1 Pulp Necrosis and Asymptomatic Apical Periodontitis
Injury to the pulp may eventually lead to a complete breakdown of the tissue. The

nonvital or necrotic pulp is defenseless against microbial invasion and will sooner
or later be infected by indigenous microorganisms. No established methods exist to
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allow for debridement and antimicrobial combat and a subsequent reestablishment
of a vital adult pulp. However, ongoing research within this area may change the
treatment options in the future [21]. For the time being, the only established treat-
ment modality in teeth with completed root formation is root canal treatment. The
root canal is cleaned in order to remove microbes and their substrates. In addition to
irrigants, antimicrobial substances are used as dressings to enhance the antibacterial
effect. A root canal treatment is finished as the tooth receives a permanent root fill-
ing. Postoperative discomfort sometimes follows, but after a short period most teeth
become asymptomatic. Normally, the tooth is restored with a filling or crown imme-
diately or a short while after completion.

8.6.2 Symptomatic Apical Periodontitis

Most teeth with pulp necrosis and apical periodontitis prevail without acute signs of
inflammation. Nevertheless, symptoms may develop spontaneously or be initiated
in conjunction with root canal treatment. The symptoms may vary from relatively
mild pain to life-threatening situations with abscesses or cellulites. In an acute situ-
ation, the clinician needs to deliberate on the seriousness and deploy adequate mea-
sures. These can range from simple root canal instrumentation to incision of an
abscess with or without prescription of analgesics and antibiotics. The appropriate-
ness of different measures depends on the risk of the spread of infection and the
patient’s general health. When the acute phase has subsided, the affected tooth
needs root canal treatment, which is performed in the same manner as for asymp-
tomatic cases. There is no evidence that shows that teeth that have gone through a
phase of symptomatic apical periodontitis have a worse prognosis than those that
have not.

8.6.3 Successful Outcome of Root Canal Treatment

The desirable and best possible long-term outcome of root canal treatment is a
retained and functional asymptomatic tooth with no clinical or radiographic signs of
apical periodontitis. Ng et al. [4] identified 63 studies published from 1922 to 2002,
which fulfilled their inclusion criteria for a review. The reported mean rates of a
“successful” outcome ranged from 31 to 100 %. This large variation could partly be
the result of different radiographic criteria when evaluating the periradicular tissues
on radiographs.

Despite the lack of high-quality scientific evidence, a meticulous analysis of the
literature pointed out four circumstances that improve the possibility to maintain or
reestablish healthy periradicular tissues in root-filled teeth: (i) preoperative absence
of periapical radiolucency, (ii) root filling with no voids, (iii) root filling extending
to 2 mm within the radiographic apex, and (iv) satisfactory coronal restoration [4],
(Box 8.2). If these conditions are attainable, root canal therapy has been reported to
be able to fulfill the requirements of “complete success” in 85-95% of cases.
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Clinical experience and data from studies [4, 16, 18, 22, 23] have shown that root-
filled teeth can be retained and stay healthy for many years.

Box 8.2. Prognostic Factors for Pulpectomy and Root Canal Treatment

Prognostic factors for pulpectomy and root canal treatment Checklist

Enough remaining tooth structure for a restoration that can avoid or counteract
with adverse masticatory forces

Aseptic control and disinfection measures applied during treatment
A root-filling without voids in all main root canals

A root-filling extending to 2 mm within the radiographic apex

RN NN

A good-quality coronal restoration

8.6.4 Unsuccessful Outcome of Root Canal Treatment

When root-filled teeth cause pain, it is usually a sign of infection. Especially so, if
corresponding clinical findings in the form of swelling, tenderness, and fistulas at
the same time are present. In situations like these, it is usually frank to diagnose a
persistent, recurrent, or arising apical periodontitis. The treatment result is classified
as a “failure.” There is an obvious indication for a new treatment intervention,
retreatment, or extraction of the tooth (or sometimes only a root).

8.6.5 Asymptomatic and Functional but Persisting Radiological
Signs of Apical Periodontitis

Nevertheless, a common situation is that the root-filled tooth is both subjective and
clinically asymptomatic but an X-ray reveals that bone destruction has developed,
or that the original bone destruction remains. In cases where no bony destruction
was present when root canal treatment was completed, and in particular in cases of
vital pulp therapy, it can be rationally assumed that microorganisms have entered in
the root canal system. For teeth that showed clear bone destruction at the point of
treatment, sufficient time must be allowed for healing and bone formation to occur.

8.6.6 Uncertainties in Classifying the Outcome into “Success”
and “Failure”

The Time Factor

It is difficult to determine the amount of time that may be required for a periapical
bone lesion to heal. A majority of root canal treated teeth with initial bone destruc-
tion show signs of healing within 1 year [24]. However, in individual cases, the
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healing process can take a long time [22]. In a study by Molven et al. [23], it was
reported that some cases had required more than 25 years to completely heal. The
finding that there is no absolute time limit for when healing may eventually be diag-
nosed can also be deduced from epidemiological studies [16].

The Reliability and Validity of Radiographic Evaluation
The diagnosis of periapical tissues based on intraoral radiographs is subject to con-
siderable interobserver and intraobserver variations [12].

There are also uncertainties regarding the validity of the radiographic examina-
tion. Only a limited number of studies have compared the histological diagnosis in
root-filled teeth to radiographic signs of pathology [12, 25]. In these studies, false-
positive findings (i.e., radiographic findings that indicate apical periodontitis while
histological examination does not) are rare. The number of false-negative findings
(i.e., radiographic evaluation indicates no apical periodontitis while histological
examination gives evidence for inflammatory lesions) varies between the studies.
However, from experimental studies, it is well known that bone destruction and
consequently apical periodontitis may be present without radiographic signs visible
in intraoral radiographs.

The advent of cone beam computed tomography (CBCT) has attracted much
attention in endodontics in recent years [12]. In vitro studies on skeletal material
point to that the method has higher sensitivity and specificity than intraoral periapi-
cal radiography. The higher sensitivity of CBCT is confirmed in clinical studies.
CBCT provides a three-dimensional image of the area of interest, an advantage
when assessing the condition of multirooted teeth. As a result, the reliability of
results of endodontic treatment in follow-up using conventional intraoral radio-
graphic technique has been questioned [26]. It has been suggested that CBCT
should be used in future clinical studies, because conventional radiography system-
atically underestimates the number of teeth with osteolytic lesions. In this respect,
long-term studies are required to investigate if healing of periapical bone destruc-
tion may take longer than previously assumed. Also, there is not enough scientific
evidence to tell whether lesions on CBCT images provide accurate clues as to the
histological diagnosis present. So far, there are also disadvantages of CBCT, such as
greater cost and a potentially higher radiation dose. Up to date, there is no evidence
that suggests that individuals with subjectively and clinically asymptomatic root
canal treated teeth with normal appearance of surrounding bony structures in an
intraoral radiographic examination would benefit from further evaluation by a
CBCT scan.

Controversies of “Success” and “Failures” of Root Canal Treatment

Besides the time aspect of periapical bone lesions, there is also a problem with deter-
mination of what should be considered healing sufficient to constitute a “successful”
endodontic treatment. As a consequence, the question of what establishes a “failure”
and hence an indication for retreatment is far from unmistakable. According to the
system launched by Strindberg [22], the only satisfactory post-treatment situation,
after a predetermined healing period, combines a symptom-free patient with a
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normal periradicular situation. Only cases fulfilling these criteria were classified as
“success,” and all others as “failures.” In academic environments and in clinical
research, this strict criteria set by Strindberg in 1956 [22] has had a strong position.

The periapical index (PAI) scoring system was presented by @rstavik et al. [27].
The PAI provides an ordinal scale of five scores ranging from “healthy” to “severe
periodontitis with exacerbating features” and is based on reference radiographs with
verified histological diagnoses originally published by Brynolf [25]. The results
from Brynolf’s work indicated that by using radiographs, it was possible to differ-
entiate between normal states and inflammation of varying severity. However, the
studies were based on a restricted biopsy material to upper anterior teeth. Among
researchers, the PAI is well established, and it has been used in both clinical trials
and epidemiological surveys. Researchers often transpose the PAI scoring system to
the terms of Strindberg system by dichotomizing scores 1 and 2 to “success” and
scores 3, 4, and 5 into “failure.” However, the “cutoff” line is arbitrary.

The Strindberg system, with its originally dichotomizing structure into “success”
and “failure” has achieved status as a normative guide to action in clinical contexts.
Consequently, when a new or persistent periapical lesion is diagnosed in a root-
filled tooth, failure is at hand and retreatment (or extraction) is indicated.

However, as early as 1966, Bender and colleagues [28] suggested that arrested
bone destruction in combination with an asymptomatic patient should be a suffi-
cient condition for classifying a root canal treatment as an endodontic success.
More recently, Friedman and Mor [29] as well as Wu et al. [30] have suggested
similar less strict classifications of the outcome of root canal treatment.

Prevalence of “Failures”

The presence of subjective or clinical signs of failed root canal treatment is only
occasionally reported in published follow-ups and epidemiological studies. The
results are measured thus exclusively through an analysis of X-rays. In epidemio-
logical cross-sectional studies, the frequency of periapical radiolucencies in root-
filled teeth varies. In a systematic review of the matter, Pak et al. [31] included 33
studies from around the world with frequencies of failed cases varying from 12 to
72 %. The weighted average of periapical radiolucencies in the 28,881 endodonti-
cally treated teeth included was 36 %. The high frequency of root-filled teeth with
periapical bone destructions seems to persist regardless of the fact that technical
quality has improved over time [31]. Yet, cross-sectional studies cannot distinguish
between cases that will finally heal and osteolytic lesions that will persist. On the
other hand, longitudinal studies have shown that root-filled teeth without periapical
radiolucent areas may develop visible lesions over time [16].

Consequences of “Endodontic Failures”
Persistent Pain

Surprisingly little is known about the frequency of pain from root-filled teeth. From
the available data in follow-up studies from universities or specialist clinics, in a
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systematic review, the frequency of persistent pain >6 months after endodontic pro-
cedures was estimated to be 5% [7].

Local Spread of Disease

A large majority of root-filled teeth with apical periodontitis remain asymptomatic.
It is known that the inflammatory process occasionally turns acute with the develop-
ment of local abscesses that have the potential for life-threatening spread to other
parts of the body. Case reports in the literature describe the occurrence of more or
less serious complications in the nearby organs (respiratory tract, brain), due to
spread of bacterial infection from the root canals of teeth. However, the incidence
and severity of exacerbation of apical periodontitis from root-filled teeth has met
only scarce attention from researchers. A low risk of painful exacerbations (1-2 %)
was reported from a cohort of 1032 root-filled teeth followed over time by Van
Nieuwenhuysen et al. [32]. In a report from a university hospital clinic in Singapore
where 127 patients with 185 nonhealed root-filled teeth were recruited [33]. Flare-
ups occurred only in 5.8 % over a period of 20 years. Less severe pain was experi-
enced by another 40 % over the same time period. The incidence of discomforting
clinical events was significantly associated with female patients, treatments involv-
ing a mandibular molar or maxillary premolar, and preoperative pain.

Systemic Effects

Oral infections have been associated increasingly with severe systemic diseases,
such as atherosclerosis, stroke, and even cancer. The potential of an association
between chronic marginal periodontitis and cardiovascular disease is recognized in
numerous reports. Indeed, the increasing numbers of reports of a relationship
between atherosclerotic vascular diseases prompted a systematic review and
American Heart Association Scientific Statement that examined possible correla-
tions [34]. However, no clear answers to the questions about the possible causative
relationship between atherosclerotic vascular disease and periodontal disease could
be established.

Less attention has been given to a corresponding association with disease pro-
cesses originating in the dental pulp. The scientific basis is insufficient to assess the
association between infections of endodontic origin and disease conditions of other
organs [9].

Disease Concepts
To retreat or not to retreat “an endodontic failure” is the issue. It has been argued
that both modern medicine and dentistry face fundamental ethical problems if too
rigorous and consistent concepts of disease prevail. The discussion about different
concepts of disease goes back to ancient philosophy and has bewildered and occu-
pied philosophers ever since. In this book about molar endodontics, we can only
hint at the fundamental issues. For further reading, the interested reader should seek
in books on philosophy of medicine [35].

Two fundamentally different concepts of disease can traditionally be recognized.
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The naturalist theory defines disease in terms of biological processes. Disease is a
value-free concept, existing independently of its social and cultural contexts.
Disease is discovered, studied, and described by means of science.

The normativist theory, on the other hand, declares that there is no value-free con-
cept of disease. Rather than discovered, the concept of disease is invented. It is
contextual and given by convention.

These theories address different aspects and pose different challenges to medicine
and dentistry as a whole and therefore also to endodontics. But the two predominant
concepts have been challenged for several reasons. For example, they neither sepa-
rately nor together fully acknowledge all important perspectives on human disorders.
An alternative approach is to apply the “triad of disease, illness, and sickness” [36]
(Box 8.3). Despite criticism, the triad is widely used and discussed. The definition of
the triad’s different components is by no way clear-cut. The triad and its implications
on dentistry were elaborated by Hofmann and Eriksen [37]. Kvist et al. [38] made
cautious and initial attempts to apply the theory to the problem of asymptomatic
root-filled teeth with radiographic signs of apical periodontitis.

Box 8.3. An Attempt to Apply the Triad of Disease, lliness, and Sickness to
Root-Filled Teeth with Signs of Apical Periodontitis

Disease Illness Sickness
Phenomena Pathophysiological, Pain, swelling, or ~ Criteria for
studied histological, other symptoms  classification and
microbiological, and  presented now or  grading of disease
radiographic events in the future
Validity Objective Subjective Intersubjective
Purpose from the To study the medical ~ To identify and To decide upon
professions’ facts of apical describe the common criteria for
point of view periodontitis in order  incidence, classification, define
to improve knowledge frequency, and different severities of

of how to prevent and intensity for disease, and construct

Purpose from
patients’ point of
view

Disease means the disorder in its physical form, the biological nature, the clinical,

To get an explanation
of the situation

cure patient-related

outcomes (pain,
swelling, spread)
To value and
accept or not
accept the
situation

decision aids to guide
clinical action

To understand what is
regarded “sick,”
respectively “healthy,”
and to be helped to
make a clinical decision
in his or her situation

and paraclinical findings (histology, microbiology, radiography, etc.).

Illness is used to describe a person’s own experience of the disease, how it feels, and
what sufferings it gives now or in the future. Illness also includes anxiety and anguish.
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Sickness is the third label; it tries to capture the social role of a person who has ill-
ness or disease (or both) in a particular cultural context. What is eligible for
being “sick” can consequently vary over time and between societies.

The three approaches to disease do not replace but complement each other. It is
also the case that they are strongly intertwined. However, using the above matrix of
“disease,” “illness,” and “‘sickness” makes it easier to understand the variation in
clinical decision-making regarding root-filled teeth with persistent apical lesions,
both when it is tested in different setups by researchers as well as in the clinical situ-

ation with an individual patient.

Patient Values

In front of a situation with a root-filled tooth with persistent apical periodontitis,
dentists and their patients choose different clinical management despite identical
information. Both doctors’ and patients’ values will influence the decision-making
process. The concept of value has many aspects, but it is reasonable to suppose that
there is a close connection between an individual’s values and his or her preferences
and value judgments. The concept of personal values in clinical decision-making
about apical periodontitis has been explored among both dental students and spe-
cialists by Kvist and Reit [39]. Substantial interindividual variation was registered
in the evaluation of asymptomatic apical periodontitis in root-filled teeth. From a
subjective point of view, some patients will benefit much more from endodontic
retreatment than others (Box 8.4).

Box 8.4. Checklist for the Outcome of Endodontic Treatment of the Root Canal
System

Evaluation Signs of favorable outcome Checklist
Subjective symptoms ~ Asymptomatic, comfortable and functional \/
Restoration Good-quality restoration with no signs of caries \/
Periradicular tissues No signs of swelling, redness, or fistula \/
Clinical No deep probing depths

Periradicular tissues No, or only small signs of periradicular bone \/
Radiographic destruction

Or, a periradicular bone destruction of decreasing
size over time

Today, patient autonomy is widely regarded as a primary ethical principle,
emphasizing the importance of paying attention to the values and preferences of
each individual patient.

Variation in Clinical Decisions About “Endodontic Failures”
The diagnostic difficulties, timing, the question of what should be regarded as
healthy and diseased, patient values, as well as several other factors partly explain
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the large variation among dentists regarding retreatment decision-making. This situ-
ation has been highlighted in numerous publications. The issue was comprehen-
sively reviewed by Kvist [40]. From the many investigations conducted, it stands
clear that the mere diagnosis of persisting periapical bone destruction in a root-filled
tooth does not consistently result in decisions for retreatment among clinicians.
Theoretically, four options are available:

. To accept the situation and leave it without further follow-ups or treatment

. To accept the situation for time being and expose the tooth for continued follow-up
. To extract the tooth (or root)

. To endodontically retreat the tooth

O

If retreatment is selected, the decision-maker also has to make a choice between
a surgical and nonsurgical approach.

Our discussion will be adequate if it has as much clearness as the subject-matter admits of,
for precision is not to be sought for alike in all discussions,...for it is the mark of an edu-
cated man to look for precision in each class of things just so far as the nature of the subject
admits. Aristotle (350 BC) Nicomachean Ethics. Translated by: W D Ross.

8.6.7 Tooth Retention Over Time

Two longitudinal studies in Scandinavian populations found that 12-13 %, respec-
tively, of the teeth that were root filled at the baseline examination were extracted at
follow-up approximately 10 years later [16, 41]. In the Danish population, it was
found that teeth with apical periodontitis (nonroot-filled and root-filled) had six times
higher risk of being lost than periapically healthy teeth [42]. However, findings sug-
gest that other causes than apical periodontitis such as periodontal disease, caries, or
root fracture are frequently present when root-filled teeth are extracted [43, 44].

In a systematic review on tooth survival following nonsurgical root canal treat-
ment, 14 studies published between 1993 and 2007 were included. The authors
concluded that the pooled proportion of teeth surviving over 2-10 years ranged
between 86 and 93 % [6]. Four prognostic factors were found to significantly
improve tooth survival: (i) A crown restoration after completion of root canal treat-
ment, (ii) tooth having both approximal contacts, (iii) tooth not functioning as an
abutment in a prosthodontic construction, and (iv) not being a molar tooth. However,
the authors pointed to the fact that the results of the review should be interpreted
with care because of the methodological limitations of available studies.

For example, it is difficult to tell whether the observed correlations are causative
or a consequence of biased selection of cases. It seems likely that dentists and their
patients, would be more prone to invest in placing a crown on a tooth with perceived
good prognosis rather than on the one with questionable forecast. Consequently, the
finding about the positive effect of the crown placement may be a self-fulfilling
prophecy. The reason why molars, teeth without approximal contacts and abutments
in prosthesis more often have been extracted in a follow-up may be a result of the
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fact that these teeth are more dispensable and acceptable to extract from a patient’s
point of view if any additional signs of disease appears. In the above-mentioned
review, the authors concluded that the available data support the common opinion
among clinicians that tooth survival is likely to be influenced by the strength and
integrity of the remaining tooth tissue and the manner in which forces are distrib-
uted within the remaining tooth tissue when in masticatory function.

8.7  Retreatment
8.7.1 Surgical or Nonsurgical Retreatment

Chronic periapical asymptomatic lesions as well as exacerbation or aggravation of
persistent apical periodontitis of root-filled teeth may be cured by endodontic non-
surgical or surgical retreatment. There is insufficient scientific support on which to
determine whether surgical and nonsurgical retreatments of root-filled teeth give
systematically different outcomes, both in the short and long terms, with respect to
healing of apical periodontitis or tooth survival [3, 8, 9]. In clinical practice, a num-
ber of factors influence the choice of treatment, for example, the size of the bone
destruction, the technical quality of previous treatment, accessibility to the root
canal, future restorative requirements of the tooth, the cost of treatment, the prefer-
ences of the clinician and the patient, medical considerations, the availability of
various types of special equipment.

The clinical decisions will have to be made on the basis of unique conditions
applying to every case.

8.7.2 The Size of the Bone Destruction

Apical periodontitis may develop into cysts. Periapical cysts are classified as
“pocket-cysts” or “true-cysts.” In case of a pocket cyst, the cyst cavity is expected
to heal after proper conventional root canal treatment. A true cyst, on the other hand,
is supposed not to respond to any intracanal treatment efforts. Thus, it is supposed
that true radicular cysts have to be surgically resected in order to heal [45].
Unfortunately, there is no scientific evidence to clinically determine the histological
diagnosis of the periapical tissue in general, and in particular, there is no method to
distinguish between pocket-cysts and true-cysts other than histology [12]. However,
cysts are expected to be more predominant among large bony lesions [46]. Thus, in
case of large bone destruction, much speaks for a surgical retreatment.

8.7.3 The Technical Quality of the Previous Treatment

In cases of nonhealed apical periodontitis, the technical quality of the root filling is
often poor [31]. In molars, the reason for treatment failure may be associated with
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untreated canals. In many cases, therefore, a nonsurgical retreatment should be con-
sidered. In particular, this is the case when access is not hindered by a crown and
post. Since there is convincing findings that the quality of the restoration also plays
a significant part for the periapical status in root filled teeth [11] the clinician is
recommended to have a critical look at the restoration. If restoration is of poor
quality, it may jeopardize the results of an endodontic surgery [15].

The obvious objective for a nonsurgical retreatment is to treat the previously
untreated parts of the root canal system and thus improve the quality of root canal
filling. With the help of modern endodontic armament, this is often possible to
achieve. Studies have shown that nonsurgical retreatment performed by skillful cli-
nicians results in good chances of achieving periapical healing [47, 48].

Several authors have argued that the result of endodontic surgery is dependent on
the good quality of the root filling, and consequently argued that any endodontic
surgery should be preceded by a nonsurgical retreatment. No clear evidence exists
of the benefit of this approach, and it would moreover, if used orderly, lead to the
execution of a significant amount of unnecessary surgeries. In many cases, the non-
surgical retreatment per se would be enough to achieve healing of the periapical
tissues.

8.7.4 Accessibility to the Root Canal

Root-filled teeth are often restored with posts and crowns, and are frequently used
as abutments for bridges and other prosthodontic constructions which have to be
removed or passed through for a nonsurgical approach. In cases where the quality
of restorations is adequate, a surgical approach is more appealing. Even without
hindering restorations, a preoperative analysis of the case may reveal intracanal
ledges or fractured instruments that already preoperatively make the accessibility to
the site of the residual infection questionable [47].

On the other hand, access to the site of infection by endodontic surgery can be
judged to imply major difficulties. In particular, surgery involving mandibular molar
roots as well as palatal roots of the maxillary molars sometimes offers significant
operator challenges. Preoperative CBCT scans help the surgeon to plan the inter-
vention or sometimes to refrain and choose a nonsurgical approach, or even consid-
ering extraction and a different treatment plan (Fig. 8.1).

8.7.5 Future Restorative Requirements of the Tooth

Before considering retreatment of a previously root-filled tooth, there is a need for
careful deliberation of the overall treatment plan. In many cases, the issue is rather
straightforward. It might concern a single tooth, restored with a post and a crown of
fully acceptable quality, but with an ensured diagnosis of persistent apical periodon-
titis. The objective is to cure the disease and to “save” the tooth and its restoration
in the long term. In other situations, when complete mouth restorations are planned
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to “build something new,” the strategic use of teeth, nonroot filled as well as root
filled, and dental implants to minimize the risk of failure of the entire restoration
must be the first priority [49].

8.7.6 The Cost of Treatment

Since surgical endodontics does not require the dismantling of functional prosth-
odontics constructions, it is often a less expensive alternative for the patient. But,
the costs of both surgical and nonsurgical treatments, of course, vary both in differ-
ent countries between operators and between countries with different systems of
reimbursement by insurance.

8.7.7 The Preferences of the Clinician and the Patient

Whether a retreatment, nonsurgical or surgical, should be performed is a complex
decision, with many factors to be considered. When a diagnosing dentist is asked to
suggest a treatment plan with alternatives, both biological considerations and the
potential and limitations of different options weigh in. However, as important as the
professional skill and knowledge might be, the preferences of each individual
patient will also influence the final decision. The subjective meaning (“the illness”)
of the situation (“the disease”) will vary among patients. Only the patient is the
expert on how he or she feels about keeping a tooth, with or without retreatment, or
perhaps extracting it, as well as which symptoms are tolerable, which risks are
worth taking, and what costs are acceptable.

8.7.8 Modern Times: Improved Outcomes

During the last 20-year period, clinical endodontics has undergone a technological
development of rare unprecedented proportions. Rotary instrumentation alloys have
facilitated the painstaking work of removing old root fillings. Super-flexible proper-
ties of nickel-titanium instruments allow root canals to be successfully instrumented
in a predictable way.

An equally significant addition to the endodontic armamentarium is the operat-
ing microscope. With its help, previously untreated parts of the root canal system
can be visualized during both surgical and nonsurgical retreatments. Parallel with
the increasing use of the operating microscope, a wide range of specialized instru-
ments have been developed, primarily in connection with surgical endodontics. In
addition, the introduction of ultrasonic instruments has further improved treatment
options.

Much effort has also been expended on trying to develop new materials for safer
retrograde sealing of the root canal. Alternatively, technological achievements have
significantly changed the clinical routine of endodontic retreatment procedures.
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Fig. 8.1 Radiographs showing details for the evaluation and treatment of the left mandibular
second molar (tooth 46 FDI or #30 Universal). The patient is female, born 1945. There is pain from
lower right jaw region; the tooth in question was root canal-treated 3 years earlier. Both right man-
dibular molars are tender to percussion, and the second molar is not sensitive to electric and ther-
mal pulp testing. Radiographically, there are radiolucent areas associated with both molars. (a)
Preoperative periapical radiograph. (b) Left and right, Root canal treatment of 47 (#31). Note the
fill of lateral canal. (¢) Left and right, Follow-up after 6 months. Asymptomatic patient. Note that
44 (#28) also has a root filling and a periapical radiolucent area. (d) Left and right, Additional
follow-up 1 year later. Note bone fill apically to 47 (#31) and 44 (#28). However, periapical radio-
lucent area 46 (#30) persists. The tooth is slightly tender to percussion. The decision is made to
perform surgical retreatment 46 (#30). (e) Immediate postoperative surgery 46 (#30). (f) Left and
right, 1-year follow-up after surgery. Patient asymptomatic. Good healing of periapical lesions 47,
46, 44 (#31, 30, 28)
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Fig.8.1 (continued)

In environments of clinical excellence, nonsurgical as well as surgical retreat-
ments have shown favorable outcomes on the periapical tissues of “endodontic fail-
ures” [15, 48, 49]. It is likely that more root-filled teeth with apical periodontitis can
be successfully treated surgically compared with reports from that before microsur-
gical techniques were used [15, 50]. Frequency of periapical healing after retreat-
ment has been reported to reach approximately 80-90 % for both methods [15, 48].
High-quality clinical studies of long-term follow-up of teeth that have undergone
surgical or retreatment are still missing.
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8.7.9 Endodontic Retreatment: Need for Research

In the future, there is need for more research on endodontic retreatment methods as
to whether they are effective and result in long-term tooth survival. In this context,
it is also important to evaluate the alternatives to retreatment, extraction, and
replacement by a tooth-supporting bridge or an implant from the perspective of
quality of life and cost effectiveness [2, 9].

8.8 Conclusion
8.8.1 Short Answers to Clinical Questions

This chapter on molar endodontics shows that there is a considerable documenta-
tion gathered through the years about the methods that are used for preventing and
treating diseases originating from the pulp and periradicular tissues. From the bulk
of information, it can be concluded that various forms of endodontic treatments
have saved and continue to save billions of molar teeth afflicted by caries or other
insults.

Based on current best empirical and scientific knowledge, the following general
short answers to “the clinical questions” may be appropriate:

e What will happen to my tooth and me if pulpitis or apical periodontitis is left
untreated?

— The tooth may stay asymptomatic for a long time, but there is also a risk of
periods of pain and, in a worst-case scenario, local spread of infection.

e What different treatment options do I have if I decide to keep my tooth?

— If the pulp is still vital, there are often reliable methods that can be used to
try to save the integrity of the pulp and avoid root canal treatment.
However, if pulp is seriously injured, which is very difficult to predict,
pain or pulp necrosis may occur. In such a case, root canal treatment may
be necessary.

e After treatment, will my symptoms disappear?

— After treatment, there may be a short period of postoperative pain, but if
endodontic procedures are performed according to a high standard protocol
your symptoms will almost invariably disappear. Approximately 95 % of
root-filled teeth are asymptomatic after a postoperative period of 6 months.

* How does the disease and treatment affect my risk of losing the tooth?

— The risk of losing a tooth with severe injury to the pulp is higher than for a
healthy tooth, in particular, if the pulp vitality is lost and there is a need for
root canal treatment. But if properly treated and restored, approximately 90 %
of root-filled teeth survive 10 years or more.

e Will treatment cure pulpitis or apical periodontitis?
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— Yes, using current methods used in endodontics, in 80-90 % of the cases, no
signs of disease will be present at a standard clinical and radiographic checkup
carried out a few years after treatment.

* Is there a risk of persistence or relapse of disease?

— In about 10% of root canal treated cases, signs of disease may persist over
time. If your restoration of the tooth is lost or if endodontic procedures are
inadequately performed, disease may also relapse.

e What will be my options, if persistence or relapse does occur?

— In cases with persistent disease, surgical or nonsurgical retreatment performed
by skilled specialists using modern armamentarium is able to cure the disease
in about 80-90 % of the cases.

* Would it be a better idea to take the tooth out?

— In most cases not. But if the tooth is afflicted by periodontal disease or the
remaining tooth substance does not provide conditions for a high-quality res-
toration, it might be a better idea.

e If so, can it be replaced?

— In the majority of cases, a lost tooth can be replaced by an implant or a fixed

prosthesis.

8.8.2 Knowledge Gaps

There are few clinical studies of high scientific quality within the field of endodon-
tics. Consequently, there are many knowledge gaps [9]. Further clinical studies with
high quality are necessary to give our patients less vague answers to the following
questions:

e In a situation with a tooth with a vital pulp that is afflicted by deep caries, is it
better to preserve the pulp vitality rather than to perform pulpectomy and root
filling?

e Is it more cost-effective in long term to have a root canal treatment and restora-
tion rather than to extract the tooth and replace it with a fixed prosthesis or an
implant?

* Which specific treatment factors explain why endodontic treatments do not
achieve an optimal outcome, that is, get extracted, remain painful, develop or
have persistent apical periodontitis?

e Will root-filled teeth survive long term, and what factors influence the loss of
endodontically treated teeth?

e How often will a root-filled tooth with persistent but asymptomatic periapical
inflammation result in the occurrence of pain and swelling?

e Which are the prognostic factors to predict an exacerbation of asymptomatic
periapical inflammation, particularly in a root-filled tooth?

* Are there any risks to general health when teeth with a periodical inflammatory
process remain untreated?
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