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INTRODUCTION
Endodontic therapy is one of the most

progressive aspects of modern dentistry.
Significant advancements in debridement and
obturation techniques have occurred in recent
years.  Consequently, success rates approach-
ing 90% have been reported.1 However,
endodontic procedures can be among the most
technically challenging faced by many dentists.
Root fillings can, and do fail and failures
necessitate retreatment.  Likewise, asympto-
matic root fillings occasionally require retreat-
ment prior to elaborate prosthodontic proce-
dures, as endodontic failure may follow expen-
sive restorative work.  Success rates for con-
ventional endodontic treatment are often
reported at 80-85%.2-4 Factors dictating suc-
cess or failure include5 the presence of pre-
operative periapical radiolucency,4 the apical
extent of filling,3 the quality of obturation, the
observation period,2 any iatrogenic complica-
tions and post-endodontic restoration.6

Follow-up studies on endodontically
retreated teeth having pre-operative rarefac-
tions report markedly lower success rates of
47-77%.4,7-8 Interestingly, however, teeth
retreated for technical or restorative reasons
enjoy very high success rates of 93.8-98%,
illustrating the importance of pre-operative
periapical status in governing endodontic suc-
cess or otherwise.4,7-8

WHY DO ROOT CANAL FILLINGS FAIL?
Intra-radicular Bacteria

These are considered causative in over
80% of cases.  Micro-organisms colonizing
root canals play a vital role in the pathogenesis
of periradicular lesions. Sundqvist first proved
this role in vivo.10 He discovered that bacteria
were only detected in root canals of pulpless
teeth with periapical bone destruction.  Causes
of residual intra-radicular bacteria include
incomplete debridement, coronal leakage and
missed canals.11

Extra-radicular Bacteria
Some bacterial species are capable of

survival outside the root canal in the peri-
radicular tissues thereby inducing peri-apical

pathology.  Actinomyces species and
Propionibacterium propinicum may be impli-
cated in extra-radicular infection.12,13 Bacterial
organisation into biofilms may also permit
their evasion of host defences.

True Cysts 
Ramachandran Nair used sectioning

techniques to examine peri-apical lesions.  He
deduced that 15% of these lesions were, in fact,
cysts.  He further sub-divided cysts into "true"
or "bay."  Bay cysts communicate with the root
canal.  However, true cysts do not.  Thus, they
are refractory to even technically excellent
conventional or orthograde retreatment
approaches.  Surgical retreatment is necessitat-
ed in this situation.  This theory is not accepted
universally, however.

Extra-radicular Foreign Materials
Rarely, endodontic procedures may

fail because of intrinsic or extrinsic non-micro-
bial factors. Foreign body reactions against
cholesterol crystals derived from disintegrating
host cells have been implicated in failure.14

Extrinsic factors include talc in gutta-percha
cones, cellulose components of paper points
and cotton wool if extruded into the peri-apical
tissues.15,16 Leaving a tooth in open drainage is
also ill advised.  Complications arising from
these teeth are often very difficult to treat.

Undiagnosed Vertical Root Fracture 
Such teeth are often misdiagnosed as

endodontic failures.  The prevention of unnec-
essary and inevitable endodontic failure in
these retreatment cases resides in careful histo-
ry-taking, examination and diagnosis.  The use
of diagnostic aids, such as microscopes, radi-
ographs (Figure 1), periodontal probing, tooth
slooth, dyes, transillumination and, occasional-
ly, surgical exposure, is crucial in these cases.
According to Chong and Pitt-Ford, the basic
difference between root canal retreatment and
initial root canal treatment is the need to
remove the previous root filling before a tooth
can be retreated.17 This suggestion may be
over-simplistic as removal of old restorations is
one of a number of different challenges
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encountered in retreatment cases (e.g. different
microflora, negotiation of procedural errors
and overcoming aberrant anatomy).

GAINING ACCESS
Occasionally posts must be removed

from teeth having insufficient coronal tooth
structure to support a workable coronal restora-
tion for endodontic or prosthodontic reasons.
Post removal may be achieved by, ultrasound,
post-removing devices (e.g. Post puller, Gonon
post removal system), masserann instrument
(this is associated with a 55% success rate, is
less successful in posterior teeth and is very
time-consuming.19), or drilling with a bur.17

These procedures are often quite technically
demanding, cumbersome and are   associated
with significant morbidity.

Other materials sometimes requiring
removal include silver points, gutta percha,
thermafil, paste and cement, and broken instru-
ments (Fig. 2). Silver points tend to be
extremely difficult and tome-consuming to
remove as are broken instruments.20 Some
cements for example SPAD, which sets harder

than dentine, and AH26 are particularly diffi-
cult and often impossible to remove. Removal
is thus fraught with danger and surgery may be
a more sensible option in selected cases.

However, with careful case-selection
and thorough mechanical and chemical
debridement, stainless steel files may often be
left in situ without greatly affecting the prog-
nosis 21,22.

These procedures must be performed
with great care as a number of undesirable
complications may occur including root frac-
ture, file fracture, the removal of excess root
dentine predisposing to future fracture, canal
perforation, and extrusion of objects beyond
root apex.23

Without due care and attention catastroph-
ic failures may ensue. I believe many of these
early failures are not included in the clinical
studies documenting success rates for retreat-
ment procedures.4,7,8

ANATOMIC VARIATION
Missed canals are a common cause of

root canal treatment failure as they often har-
bour bacteria and related irritants contributing
to clinical symptoms. Aberrant or unusual
anatomy must be considered in retreatment
cases. Because the success rates of endodontic
procedures are now so high we must expect
unusual anatomy or some other mitigating fac-
tor as contributory particularly if the obturation
appears satisfactory radiographically i.e.
dense, 3D obturation of the canal system to
within 1mm of the radiographic apex. Several
roots have additional canals (Fig. 3).24 For
example: maxillary first molars which often
(78% of cases approximately) contain 2 canals
in the mesio-buccal root 25; maxillary first pre-
molars which are occasionally three-rooted.
Each root contains a separate canal26;
mandibular incisors which contain two canals
in over 40% of cases27;  and mandibular first
molars which contain four canals in approx.

Figure 2.  Broken instrument in apical one
third of mesial root of a mandibular first molar. Figure 3. Five canals in a mandibular second

molar.

Figure 1. Example of a radiograph.  Note the
radiolucent "halo" surrounding mandibular
second premolar suggestive of a root fracture.
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one third of cases.28

Anatomic familiarity is essential
before re-entering a root canal-treated tooth.
Other aids in detection include radiographic
analysis (Canals are generally "centered" in the
root. Therefore, deviation from the mid-root is
often an indication of the presence of a second
system.), digital radiographs, magnification
(An operating microscope with supplementary
illumination facilitates the localization of
"missed" canals and the removal of canal
obstructions29), expanded access cavities
(Isthmus areas should be probed with explorers
in an effort to detect a  "catch" suggestive of
another orifice.), ultrasonics, micro-openers,
dyes (for example methylene blue, which may
be used to "roadmap" anatomy), and sodium
hypochlorite. The clinician must be aware of
root canal complexities. They must expect the
unexpected where root canal morphology is
concerned. This approach is particularly war-
ranted in retreatment cases.

THE MICROBIOLOGY OF ROOT CANAL
THERAPY FAILURE

The microbiology of root canals
exhibiting failing endodontic therapy is
markedly different from that of an untreated
canal.30,31 The latter is often a mixed infection,
in which gram-negative anaerobic rods pre-
dominate. The former is usually composed of
1-2 species, generally gram-positive bacteria.
In particular levels of Enterococcus faecalis
are raised. In Sundqvist’s study31 38% of fail-
ing canals harboured the bacterium. Increased
proportions of E. faecalis in teeth lacking ade-
quate seal during treatment or treated over
more than ten visits have been reported32 sup-
porting the suggestion that E. faecalis enters
the canal during treatment. E. faecalis strains
have shown resistance to intra-canal medica-
ments for example calcium hydroxide.33

Therefore this bacterium commonly appears in
refractory cases, usually as the single species
of microorganism present. Consequently,
endodontic retreatment is very prone to failure
in these specific cases. Yeast-like microorgan-
isms have also been isolated from failing root
fillings.34 Like E. faecalis some Candida
species are resistant to commonly deployed
intra-canal medicaments. Therefore, the
microflora of failing endodontic fillings may
be extremely resistant and difficult to eradicate
thereby predisposing to infection and thus, fail-
ure of retreatment. Modified and more potent
intracanal medicaments may be required to
enhance the elimination of resistant bacteria in
these retreated canals.

OVERCOMING PROCEDURAL ERRORS
Procedural errors performed during

the initial root canal treatment of an infected
tooth may predispose to failure. Procedural
accidents often impede or render it impossible
to accomplish effective intra-canal proce-
dures.35 These iatrogenic factors must often be
overcome to effect successful retreatment,
which is obviously more demanding than con-
ventional root treatment.

Blocked canals are often encountered
in retreatment cases. Attempts to get to work-
ing length and allow thorough cleaning of the
whole root canal system are painstaking. These
procedures require perseverance and patience.
Copious full-strength (5.25%) sodium
hypochlorite irrigant may be used in combina-
tion with pre-curved, narrow files used in an
apically directed picking motion to loosen the
material. Viscous chelators may also be used to
work the file to length. This procedure is often
very difficult and fails. In such instances,
regardless of the quality of obturation, the
patient must be informed of the likelihood of
endodontic failure (particularly if the previous
filling failed clinically). Consequently, inade-
quate initial mechanical debridement may
reduce the prognosis of initial root treatment
and decrease the likelihood of successful
retreatment if necessitated.

Ledges represent an internal trans-
portation of the canal. They may be bypassed
using the same techniques as used for
"blocks".36 Ledges may be reduced or removed
using Greater Taper Ni-Ti files. However, clin-
icians must be wary of removing excess den-
tine in an attempt to completely remove the
ledge.

Another problem often encountered in
retreatment cases is apical transportation.
Canals exhibiting apical transportation tend to
be internally underfilled. Mild transportations
may be dealt with by simple cleaning, shaping
and obturation. Again, however, extra root den-
tine may be sacrificed predisposing to subse-
quent root fracture. Moderate transportation
may be negotiated using mineral trioxide
aggregate (MTA).37 Severe transportation,
however, carries an almost hopeless prognosis
if using conventional retreatment means.
Hence, retrograde means are needed to ensure
success. In this instance case selection is vital
in ensuring success of endodontic retreatment,
which has been affected adversely by careless
initial treatment.

Root perforation is a procedural error
that can have a profound effect on the progno-
sis of treatment.38 Perforations are a common
cause of endodontic failure.39 Hence, they are
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regularly encountered in retreatment cases. It
has been claimed that non-surgical treatment of
perforation is limited because of the difficulty
in determining the perforation’s location, shape
and size in addition to the lack of matrix
against which the sealing material can be
packed without excess spreading to the peri-
radicular tissues.40 Materials used in perfora-
tion repair include calcium hydroxide, amal-
gam, intermediate restorative material, com-
posite resin and gutta percha. The use of bio-
compatible matrices e.g. tricalcium phosphate
or hydroxyapatite, have been proposed in order
to control the extrusion of repair material.41

More recently MTA has been deployed in per-
foration repair. It has been claimed that MTA
affords a biocompatible immediate seal to the
perforation site with optimum healing.42

Undoubtedly, however, despite this recent
advance perforations do represent a mitigating
factor likely to affect adversely success rates of
endodontic retreatments.43

SURGICAL ENDODONTIC RETREAT-
MENT

Surgical retreatment carries a consid-
erably lower success rate than conventional
retreatment.4 Guttman and Harrison report suc-
cess rates of 25-90%.44 However, endodontic
surgery is specifically indicated in the follow-
ing situations: failed orthograde treatment
where access to the canal is impossible con-
ventionally; obstructed canals in a sympto-
matic tooth; apical perforations failing to
respond to repair material for example MTA;
grossly over-extended filling material in a
symptomatic tooth; and horizontal fracture at
the apex in a symptomatic tooth.
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