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Fundamentals of Endodontic Disease
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Aim
To describe the fundamental clinical bi-
ology of pulp and periapical disease, and

lay the foundations for rationally based

endodontic treatment.

QOutcome

After studying this chapter, the reader
should have clear understanding of the role
of microbial infection in pulp and periapi-
cal disease, and the need for this know-
ledge to translate into action at each stage

of clinical root canal treatment.

An Introduction to Endodontics

Endodontics is the branch of clinical den-
tistry concerned with the prevention, diag-
nosis and treatment of diseases of the den-
tal pulp and their sequela. The discipline
therefore has a broad scope, encompassing
procedures which aim to:

-preserve all or part of the pulp in heaith
(pulp capping and pulpotomy)

- preserve and restore teeth with irre-
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versibly inflamed and necrotic pulps
(pulpectomy and root canal treatment)
«preserve and restore teeth with lesions
which have failed to respond to root
canal treatment, or which were dam-
aged in the course of such treatment
(endodontic retreatment and surgery).

In reality, “endodontic treatment” is usu-
ally synonymous with “pulpectomy and
root canal treatment”, an exacting, techni-
cal and rapidly developing element of ev-
eryday practice, with its emphasis on line,
length, and the attainment of a radiographi-
cally pleasing root filling. This book will
focus almost exclusively on adult root ca-
nal treatment and provide a rational frame-
work for the appraisal and safe application
of established and emerging clinical

methods.

The Technological Focus of Root
Canal Treatment

Endodontics has never been shy of
technology. New systems, devices and
materials appear frequently, promising
simpler, quicker, more consistent or aes-
thetically satisfying results. Many of us
have invested heavily and repeatedly over
the years, convinced and excited by the
benefits to follow. Many of us have also
known the brief honeymoon of interest and
satisfaction which quickly evaporated into

disappointment (Fig 1-1); another expen-
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Fig 1-1 Excitement and conviction evaporate

into disappointment once again
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sive system relegated to the back of a dark
cupboard in preference for an old trusty
method, or to be superseded by the next
bright hope.

The truth is that most of us find root ca-
nal treatment technically challenging, and
wish there were simpler, more predictable
and more efficient ways to do it. This, com-
bined with a growing demand for tooth
preservation, has seen unprecedented
growth in world markets for endodontic
product, and an insatiable hunger for new
and attractively packaged materials and
devices. To the dispassionate observer, this
may seem to be pure commercial oppor-
tunism as we focus on technology and at-
taining the currently fashionable postopera-
tive “look” rather than returning to the dis-
ease process and how it can best be mana-
ged.

At the start of a practical handbook on

3
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root canal treatment, it is important to
ground ourselves in the fundamental biol-
ogy of the pulp and periapical lesions we
wish to prevent and heal. Only then can we
rationalise the mechanical stages of treat-
ment and reveal where new and older tech-
niques can optimise operator efficiency and

successful outcomes for patients.

Laying Foundations: The Basic
Biology of Endodontic Disease

Root canal treatment is concerned with
preventing and healing apical periodonti-
tis (Fig 1-2a), a disease which affects 40%
of over 30s and 62% of over 60s in west-
ern society.

Apical periodontitis is important because:

« It causes local pain and morbidity.

+ Acute exacerbation can result in se-

rious, potentially life-threatening ex-
tension (e.g. facial cellulitis, brain

abscess).

E1-2 a REABARRETHEH
—MEEMELNER b KEE
FERHE, RRBARETRUAR

Fig 1-2 (a)Apical periodontitis, an im-
portant and common disease in western
society. (b)Control of aetiological fac-

tors allows apical periodontitis to heal
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Fig 1-3 Early root canal treatment of a tooth
with a dying pulp relieves pain and prevents

apical periodontitis from developing

- There are growing concerns about the
possible systemic consequences of
chronic infection and inflammatory
lesions associated with teeth.

Apical periodontitis develops by exten-
sion of disease in the dental pulp (Fig 1-5).
It can be prevented by:

+ maintaining pulp health

-managing pulp disease before changes
can progress to involve the periapical
tissues (Fig 1-3).

Established apical periodontitis is caused
by infected material in the pulp canal space
and is known to heal predictably if the caus-
ative agents can be eliminated and pre-

vented from returning (Fig 1-2a.b).

The Aetiology of Pulp Injury and
Death

Dentine and pulp are intimately related.

In pristine health, the so-called “dentine-




e

RRERIT 2

ENTERTEBHER, MRBR.
ERMEERSEMA (B1-4) FXER
PEREIR, 2. BERNT ARG =R
BTHORNE, F485 TXEMNE.
PERZNARENRE. BaIiR%
Uk B AR MNEBERER.

O Rz & B FN o

20122 60K, AR EBITNE
TEEFHFET (ZBTBMLEHR
) RENYIROIRIEL T AR
HENS HER. BERLEDYH
FREEMEITRAIRELR, MR
BT FERASAETHL T LER
BHSR HEIERNER. BNE
K EHITBIFUATWA

-MBLATFEERS, AREER
58 (9 K AN ATLARL 14 0 1L 2 M R K

pulp complex™ lies protected by an imper-
vious layer of enamel and a sound invest-
ing periodontium. Breakdown of this pro-
tection by caries, operative dentistry or
trauma (Fig 1-4) exposes porous, tubular
dentine to the oral environment and leaves
the pulp vulnerable to chemical, physical
and microbial injury. The threat posed by

microorganisms is by far the most serious.

The Oral Flora and the Pulp

The virulence of the oral flora was dem-
onstrated in the 1960s, when researchers
investigated the effects of pulp exposure in
normal and microbe-free animals. Similar
observations have been made in subsequent
studies on the pulpal irritancy of restorative
materials in microbe-free animals and in
surface-sealing studies where microbes
where kept out of teeth. The overwhelm-
ing body of evidence currently supports the
view that:

- If microorganisms are kept out of the

pulp, it has remarkable capacity to

Ei-4 ERRBESELFABRNEEESR
BHFE, HZELF. MIBERENRK,
HAZHRENRE

Fig 1-4 Frank exposure of the pulp, or via po-
rous dentine leaves it vulnerable to chemical.

physical and above all, micro-bial injury
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withstand and wall itself off from me-
chanical and chemical irritation.

» Acids and monomers are less of an is-
sue for pulp health than the percola-
tion of fluids and microorganisms at
restoration margins.

« It is the oral flora and their toxins

which seriously inflame and kill pulps.

Although a significant number of pulps
lose vitality during traumatic events which
sever their apical blood supply (sterile,
avascular necrosis), most pulp death is still
caused by microbial entry following re-
peated cycles of caries and dental inter-
vention. Almost 20% of crowned teeth, for
example, will have non-vital pulps and api-
cal periodontitis within twenty years. This
is a sobering reflection as we plan dental
care for patients under the age of 60.

Avoiding pulp infection is key to prevent-
ing pulp death and apical periodontitis, and
must be a fundamental goal of all dentists.
However refined we become in root-fill-
ing teeth, the best root filling will always
be a healthy pulp. A whole volume in this
series is devoted to the preservation of pulp
health in practice, and another to the man-

agement of traumatic injuries.

Dead Pulp Tissue: The Cause of
Apical Periodontitis?

As pulp breakdown proceeds from the

7
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Fig 1-5 The gradual process of pulp death. (a) Invasion of the pulp by microorganisms following
carious pulp exposure. The pulp mounts a local inflammatory response in an attempt to eliminate or
contain the infection. (b.c) Without treatment. inflammation progresses centrally and apically until
the whole pulp is dead. Apical inflammation commences early. (d) Established apical periodontitis;
an attempt to contain the advance of irritants. Symptoms experienced represent a balance between
the contained infection and host defences. The progressive death of the pulp allows successful pulpo-
tomy if caught early

8
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sue fluids in the apical part of the canal as
major causes of this inflammation. But is
this host material sufficiently irritant to pro-
voke and sustain periapical inflammation?
Human studies in the 1970s showed that
in teeth devitalised by trauma, only those
with infected root canals developed apical
periodontitis. Teeth with sterile, necrotic
pulps showed no such changes. Primate
studies in the 1980s also showed that asep-
tically devitalising a pulp does not cause
apical periodontitis, but if infected saliva
is added, apical periodontitis develops rap-
idly and predictably. Many of us have wit-
nessed such events. Traumatised teeth can
remain quiet and symptom free for many
months or even years, then suddenly, with-
out serious challenge, they become painful
and develop apical periodontitis. The expla-
nation is that the pulp died quietly and asep-
tically after the trauma. Many years later,
the entry of microorganisms (perhaps even
just one) to the rich, warm culture medium
lying dormant within provided the neces-
sary foreign antigenic challenge to estab-
lish and sustain periapical inflammation
and the development of a clinically detect-
able lesion.
‘What does this mean?
« Periapical inflammatory lesions can-
not be initiated or sustained by the
presence of dead host tissues or stag-

nant body fluids alone. Foreign anti-

9
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genic material must be present, and
that means microbial infection.

* When we witness apical periodontitis
clinically, we are observing the con-
sequences of pulp canal infection.

- Apical periodontitis can only be ex-
pected to heal if the causative infec-
tion is eliminated and prevented from

returning.

The Nature of Root Canal Infec-

tion

Whilst the mouth is inhabited by more
than 200 microbial species, environmental
pressures in the infected root canal typically
limit colonisation at any one time to some
4-6 species. Most are strictly anaerobic,
though facultative and CO,-loving

(capnophilic) isolates are common.

Specific or Non-specific Infection?

What we do not know is whether apical
periodontitis is a response to a critical mass
(perhaps very tiny) of any microorganism,
or if there must be certain organisms or
combinations present for a lesion to
develop. Research suggests that a wide
range of bacteria can produce periapical
inflammation. The apical periodontitis-in-
ducing flora in cases of failed root canal
treatment, for example, differs greatly from
that of previously untreated cases, and the

existence of a "healthy" root canal flora has
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never been established. For the present, we
cannot distinguish the true pathogens from
the innocent bystanders, and have no spe-
cific drugs to target them. Any root canal
infection must therefore be considered un-
wanted and potentially disease-inducing.
Thankfully, our standard methods of dis-

infection are able to kill most of them.

An Unusual, Inaccessible Infection

The two patients shown in Fig 1-6 are
separated by several decades, and present
very different chnical histories. We have
established that they share a common mi-
crobial disease, but neither is able to do
anything about it. Their infection is con-
tained in the avascular environment of the

necrotic pulp space, inaccessible to host

E1-6 BRAEBEEN\+SHNES, BEE—MELNARBLMRR, BNEESE

Tk BRRRER

Fig 1-6 Two patients, separated by several decades, share a microbial disease which they are unable

to rid themselves of
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