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Missed anatomy: frequency and
clinical impact
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Itis generally accepted that a major cause of the failure of root canal therapy is an inability to localize and treat all of
the canals of the root canal system. The risk of missing anatomy during root canal treatment is high because of the
complexity of the root canal system. All categories of teeth may have extra roots and /or canals, but the likelihood of
finding aberrant canal configurations is higher in premolars and molars. In addition, lateral ramifications of the root
canal system may be present in all teeth with a significant frequency, increasing the probability of leaving untreated
spaces after root canal therapy. Prevention of missed anatomy starts with good pre-operative radiographs, even
though radiographs have limitations in assessing the number of canals and the presence of accessory canals and
anastomoses. A correct access cavity preparation is of central importance in localizing the orifices of the root canals.
However, to find hidden canals, an adequate armamentarium is required; the dental operating microscope and /or
high-power loupes, used in conjunction with a headlight system, will provide enhanced lighting and visibility,
whereas ultrasonic tips and long shank round burs with small shaft diameters will allow a controlled and delicate
removal of calcifications and other interferences to the canal orifices. The impact of missed anatomy on the outcome
of endodontic treatment is difficult to assess, and the literature on this subject is limited; a promising approach for
future investigation may be a comparison of the number of canals found in failed treatment cases and after re-
treatment. The clinical impact of missed anatomy can be clearly demonstrated with a large number of re-treatment
case reports available in the literature; in the majority of these cases, failure of endodontic therapy is associated with
untreated canal space. Localization and treatment of this missed anatomy typically leads to complete clinical and

radiographic healing.

Introduction

The main objective of endodontic therapy is to prevent
and, when required, to cure endodontic disease, apical

periodontitis (AP) (1, 2). The achievement of this goal
depends on several factors:

-elimination of surviving microorganisms in the root
canal system through effective cleaning and shaping
procedures (1-3);

-creation of a tight three-dimensional seal with an inert
filling material (4); and

-blockage of any communication between the oral
cavity and the periradicular tissue through a high-
quality coronal restoration (3).

However, locating, cleaning, and shaping the entire
canal system may present a difficult challenge in non-
surgical endodontic treatment; aberrant canal config-
urations, accessory canals, bifurcations, isthmuses,

and anastomoses are often difficult to identify, thus
causing incomplete cleaning and filling (Fig. 1). The
impact of these untreated canal spaces on the outcome
of endodontic treatment is difficult to assess and the
endodontic literature on this specific topic is scarce;
however, it is generally accepted that an inability to
recognize the presence of and to adequately treat all
of the canals of the endodontic system may be a major
cause of the failure of root canal therapy (4-11).
The frequency and risk of missed anatomy are strictly
linked with the complexity of the root canal system;
good knowledge of the potential aberrant canal
morphology in maxillary and mandibular teeth will
help clinicians to successfully recognize and treat
these difficult cases. Consequently, this report on
missed anatomy will begin with a review of the
possible canal configurations in maxillary and mandib-
ular teeth.
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Risk of missing canals in maxillary
and mandibular teeth

Maxillary central and lateral incisors

The endodontic anatomy of maxillary central and
lateral incisors is generally simple with one canal in one
root. Vertucci (4, 9) reported a type 1 configuration
(one canal) for maxillary incisors in 100% of teeth.
Morphological variations in maxillary anterior teeth
may occur with a frequency of up to 2% in central
incisors and 10% in lateral incisors (12); in a Turkish
population, this frequency can increase to 22% in lateral
incisors (13). When more than one canal is present, the
possible configurations include: Vertucci’s type II with
two canals joining in one apical foramen (12-14);
Vertucci’s type IV with two separate canals in one root
(15-19); two canals in two separated roots (Fig. 2a—c)

Fig. 1. A transparent mesial root of a mandibular molar
demonstrating an intricate root canal system. After
preparation with rotary nickel-titanium files and a 1-
minute final ultrasonic irrigation with sodium
hypochlorite, the canal system was injected with ink.

i

(20-29); and two or more canals associated with
abnormal development of the tooth such as gemina-
tion, fusion, concrescence, and dens invaginatus (Fig.
3a—c). Furthermore, Walvekar & Behbehani (30)
published a case report of a maxillary lateral incisor
with three canals and Mangani & Ruddle reported a
central incisor with four canals (31). Summarizing, one
canal in one root should be expected in maxillary
incisors; morphological variations are possible but easy
to recognize during the clinical and radiographic
examination. Incisors with normal crown and root
but with two canals are rare and difficult to identify
because the two canals (labial and lingual) may be
superimposed (15-19). An adequate pulp chamber
opening and observation of intra-operative radio-
graphs may help in these difficult cases.

Maxillary canines

Maxillary canines have one canal in one root in almost
100% of cases (8, 9). Morphological variations are rare
but have been reported, mainly in a Turkish popula-
tion, where maxillary canines can present more than
one canal in 9% of cases in men and 4% of cases in
women (12).

Maxillary premolars

The most common canal configuration for the max-
tllary first premolar is Vertucci’s type IV (two separate
canals in one root) with a frequency of about 60-65%
(9, 12). Another canal morphology, Vertucci’s type V,
with one canal that extends from the pulp chamber to

Fig.2. Endodontic treatment of maxillary central incisors with two roots. (a, b) Pre-operative and post-operative

radiographs. (c) Position of the two canal orifices.
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Fig. 3. Non-surgical treatment of a central maxillary incisor with dens invaginatus and a vital pulp. The tooth had the
root canal compressed within the wall around the invagination, whereas the invagination extended into the roots and
exited apically through a large second foramen. (a) The pulp tissue within the root canal was vital. (b) Intra-operatory
radiograph after the obturation of the apical part of the invagination and the direct pulp capping of the root canal, both
carried out with MTA. (c) The remaining invaginated space was filled with injected warm gutta-percha, and the access

opening was finally restored with composite resins.

mid-root, where it divides into two canals, can be
found in 6-7% of cases (9, 12). In about 8-9% of cases,
the maxillary first premolar can have one canal and in
16-18%, two canals joining into one (9, 12). Further-
more, maxillary first premolars can have three canals
(mesio-buccal [MB], disto-buccal [DB], and palatal) in
2.5-5% of cases with a canal and root disposition so
similar to that of adjacent first molars that they are
sometimes called small molars or ‘radiculous’ (32-34)
(Fig. 4a—c).

Maxillary second premolarshave one canal in one root
in 38-48% of the cases, two canals joining in one root in
20-22% of the cases, one canal separated into two
canals that rejoin in the apical third (Vertucci’s type 111)
in 5-10% of the cases, two canals in two roots in 10—
20% of the cases, and one canal that splits and exits as
two canals (Vertucci’s type V) in 6-9% of the cases (9,
12). More rare, but possible configurations are two
canals that join and separate again in the apical third
(Vertucci’s type VI) with a frequency of 2-5%, one
canal separated into two canals that rejoin and split
again (Vertucci’s type VII) with a frequency of 1-2%,
and three separate canals with a frequency of 1-2% (9,
12). Three-rooted maxillary second premolars have

been reported by Barkhordar & Sapone (35), Ferreira
ct al. (36), and Low (37), while a case of three-rooted
maxillary first and second premolars has been reported
by Soares & Leonardo (33). Clinicians should be very
cautious when treating maxillary premolars because of
the extreme variability of their anatomy; the risk of
missing a canal in these teeth is always present (Fig. 5a—
d). To avoid errors, a careful examination of the pulp
chamber floor should be performed, looking for the
position and symmetry of canal orifices (38). Further-
more, a minimum of two diagnostic radiographs
should be taken with parallel and shift cone angle
techniques. In fact, using angled radiographs, Sardar et
al. could identity a significantly higher number of
premolars with two canals (39). Sieraski et al. (40)
found that whenever the mesio-distal width of the mid-
root image was equal to or greater than the mesio-
distal width of the crown, the premolar most likely had
three roots.

Maxillary first molars

There is a wide range of variation in the literature on
maxillary first molars with respect to the number of
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Fig.4. (a) Re-treatment of three-rooted maxillary first premolars with only two canals ‘partially’ treated. (b)
Negotiation and working length of the third missed canal. (c) Post-operative radiograph.

canals in each root, the number of roots, and the

incidence of root fusion (41). The following factors

contribute to the variation found in these studies:

-high variability and complexity of maxillary molar
morphology (42);

-ethnic background (9, 43), age (44, 45), and gender
(12, 46) of the population studied;

-design (clinical versus laboratory) and methods of the
study (41, 47); and

-authors’ definition of what constitutes a canal (41). A
separate canal is defined in some studies as a separate
orifice found on the floor of the pulp chamber (48), a
canal that can be instrumented to a depth of 3-4 mm
(49) or to a depth of 16 mm from the cusp of an intact
tooth (50), or a treatable canal with a separate apical
foramen (51).

In 2006, Cleghorn et al. (41) reviewed the literature
with respect to the root and canal systems in maxillary
first molars. The results of this study indicated that
maxillary first molars had three roots in 96.2% of the 416
teeth examined. Two roots were found in 16 (3.8%) of
the teeth studied. The incidence of one root or four roots
was very rare. Fusion of two or more roots occurred
approximately 5.2% of the time (41). Cleghorn et al.
reviewed the canal configuration in mesio-buccal roots of
maxillary first molars in 34 studies (comprising 8399
teeth). Two or more canals were found in 56.8% of the

teeth in a weighted average of all 34 studies (41) (Fig. 6a—
d). One canal was found in 43.1% of these roots. A single
apical foramen was found 61.6% of the time, while two
separate apical foramina were present 38.3% of the time
(41) (Fig. 7a and b). The canal morphology of the disto-
buccal and palatal roots was reported in 14 studies that
included 2576 teeth (41). The most common canal
system configuration of the disto-buccal root was a single
canal (98.3%). Two canals were found 1.7% of the time. A
single apical foramen was present 98% of the time. The
palatal root had a single canal and a single foramen 99%
and 98.8% of the time, respectively (41). C-shaped canals
are very rare in maxillary first molars, with an incidence of
about 0.1% (41, 52). C-shaped root canal morphotypes
result from a fusion of the disto-buccal and palatal roots
and may extend to the apical third of the fused roots (52).

Many unusual canal configurations and anomalies in
maxillary first molars have been documented in case
reports. Maxillary first molars with two palatal roots
were described by Stone & Stroner (53), Hiilsmann
(54), Baratto-Filho et al. (55), and Barbizan et al. (56),
whereas a case with five roots (two MB, one DB, and
two palatal roots) and five canals was reported by
Barbizan et al. (56). Single palatal roots with two
separate canals were reported by Thews et al. (57),
Stone & Stroner (58), and Hartwell & Bellizzi (59),
whereas palatal roots with a tri-furcated canal were
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Fig.5. Endodontic treatment of the first and second right maxillary premolars, both three-rooted. The first premolar
showed an old adequate treatment in two roots but a third missed root with a periapical radiolucency. The second
premolar showed extensive caries extending to the pulp chamber. (a) The patient suffered from both pulpitis and apical
periodontitis symptoms. (b) The missed canal in the first premolar after cleaning and shaping. (c) Working length
radiograph for the second premolar with post-op of the first premolar. (d) One-year follow-up radiograph showing good
healing of the first premolar and no sign of infection in the second premolar.

described by Wong (60) and Maggiore et al. (61).
Cases with three separate canals in the mesio-buccal
root were reported by Martinez-Berna & Ruiz-
Badanelli (62) and Beatty (63), whereas two canals in
the disto-buccal root were found by Martinez-Berna &
Ruiz-Badanelli (62) and Bond (64). The maxillary first
molar is probably the tooth that presents the higher
risk of missing canals during an endodontic treatment.
The considerable discrepancy between clinical and
laboratory results in the incidence of the second mesio-
buccal (MB2) canals demonstrates that the MB2 is
often not found during endodontic treatment (10).
The significant differences between the percentage of

MB2 canals located in the initial treatment and those
found during re-treatment demonstrate that this canal,
when not found, is associated with endodontic failure
(10, 65). The possibility of two canals in the disto-buccal
and palatal roots further increases the possibility of errors
during the treatment of these teeth (Fig. 8a and b).

Maxillary second molars

Most studies concerning the canal morphology of
maxillary second molars reported that the majority of
these teeth have three roots (65, 66). In a review and
radiographic survey of 1200 maxillary second molars,



etp 240

Cantatore et al.

Fig. 6. Endodontic re-treatment of the second right maxillary premolar and treatment of the first and second molars. (a)
Pre-operative radiograph. (b, c) Post-op of the premolar and working length of the two separate mesio-buccal canals of
the first molar. (d) The pulp chamber of the first molar with four separate canals. (e¢) One-year follow-up radiograph: the

second molar had three canals.

Libfeld & Rotstein reported that 90.6% of these teeth
had three roots with three or four canals, whereas 6% of
the teeth were two-rooted, 3% had a single root, and
0.4% had four roots (66). Zmener & Peirano (67), Fahid
& Taintor (68), and Jafarzadeh et al. (69) described cases
with three buccal roots fully separated, and Alani (65)
reported a case of bilateral four-rooted maxillary second
molars that had two buccal and two palatal roots.

Vertucci investigated the canal configuration of 100
maxillary second molars and found, in the mesio-
buccal root, one canal in 71% of cases, two canals
joining in 17% of cases, and two separate canals in 12%
of cases. Disto-buccal and palatal roots presented a
single canal in 100% of cases (8, 9). C-shaped canals are
very rare in maxillary second molars (70).

Recommended clinical approach in maxillary
molars

1. Take two diagnostic radiographs with parallel and
mesial or distal horizontal angles and assess the
anatomy and number of roots.

2. Carefully remove the pulp chamber roof and
abundantly flush the chamber with full-strength
warm sodium hypochlorite.

3. Following the dark developmental line on the pulp
chamber floor with a DG16 endodontic probe,
locate the orifices of the three main canals (MBI,
DB, and palatal).

4. Negotiate the main canals and take a working
length radiograph on a distal projection with #10 or
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Fig. 7. Endodontic treatment of a maxillary first molar with
two canals joining in the mesio-buccal root. (a) Working
length of the mesio-buccal root showing two canals joining
at the apical third. (b) Post-operative radiograph.

7

Fig. 8. Variation of the root canal morphology of
maxillary molars. (a) A second molar with two palatal
roots. (b) A first molar with two disto-buccal and two
joining palatal canals.

#15 k-files inserted. If the instrument appears to be
off center in the root, a second canal should be
suspected (10, 11).

5. Visualize the white dentinal layer in the pulp
chamber between the MBI and the palatal canals
and carefully remove it with ultrasonic tips with
rounded or with long shank round burs with small
shaft diameters such as Munce Discovery Burs
(CJM Engineering Inc.) or Mueller burs (Brasseler
Inc., Savannah, GA, USA) to create a groove on the
pulp chamber floor. This dentinal layer may partially
or totally hide the MB2 orifice (Fig. 9a—c).

6. Localize the orifice of the MB2 canal with the
DG16 probe and try to negotiate it with an
adequate file such as the Maillefer C+ File
(Dentsply Maillefer, Ballaigues, Switzerland).

7. Preflare the MB2 up to a #15 hand file and measure
the working length with an clectronic apex locator.

Insert two files into the MB1 and MB2 canals and
assess whether they are joining or separate. Com-
plete preparation in all canals.

8. Carefully observe the pulp chamber floor, looking
for additional canal orifices. The effervescence of
sodium hypochlorite on the pulp at the orifices of
these extra canals may help to localize them.

9. Use the operating microscope and/or high-power
loupes with appropriate illumination in all phases.

Mandibular central and lateral incisors

The morphology of mandibular central and lateral
incisors is very similar. Many studies have examined the
root canal systems of these single-rooted teeth, confirm-
ing that it is not as simple as it may appear to be on
standard periapical radiographs. Vertucci studied the root
canal morphology of 300 extracted mandibular anterior
tecth and found two canals in 30% of mandibular central
incisors and in 25% of mandibular lateral incisors (9). In a
study on 1085 extracted mandibular incisors, Miyashita
ct al. (71) found one single canal in 85% of teeth, two
joining canals in 12% of cases, and two independent
canals in 3% of the teeth. In an investigation on 100
mandibular anterior teeth, Kartal & Yanikoglu (72)
identified two new root canal types, which had not been
previously identified. The first configuration was a 2-3-1
type (two separate canals extend from the pulp chamber
to mid-root where the lingual canal divides into two; all
three canals then join in the apical third). The second new
configuration was a 1-2-1-3 type (one canal divides into
two in the middle third of the root, rejoins to form one
canal, which again splits and exits as three separate canals)
(9, 72). Although some of the morphological variations
may depend on different ethnic backgrounds, two canals
should be expected in about one-quarter of mandibular
incisors. This proportion is not found clinically by
practitioners during root canal treatment because of the
failure of the dentist to recognize the presence of the
second canal (71, 73). Access cavities with appropriate
inciso-gingival extension prepared under magnification
may be very helpful when treating these difficult, high-
risk teeth (Fig. 10a and b).

Mandibular canines

Pecora et al. (74) studied the internal anatomy,
direction, and number of roots of 830 extracted
mandibular canines. Using a clearing method, the
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Fig. 9. Localization and negotiation of the MB2 canal in maxillary molars. (a) After localization of the MB2 orifice with
aDG 16 endodontic probe. (b) Initial negotiation of the MB2. (c) After removal of dentin interferences with ultrasonic

tips and cleaning and shaping.

authors found that 98.3% of these teeth had a single
root, 92.2% presented with one canal and one foramen,
4.9% had two canals and one foramen, and 1.2% had
two canals and two foramina. The incidence of two-
rooted canines was low, 1.7%, always with two canals.
The total frequency of mandibular canines with two
separate canals was 2.9% in this study. The results of
Pecora’s study were similar to those reported by
Vertucci in another study on 100 mandibular canines
(8). Furthermore, Heling et al. (75) reported a case
with a mandibular canine with two roots and three
canals. Mandibular canines with two roots are not
difficult to identify by a careful examination of the
diagnostic radiographs taken with parallel and mesial or
distal horizontal angle techniques. However, it is more
difficult to recognize two canals in single-rooted
canines. Magnification and correct pulp chamber
openings will help to avoid errors on these teeth.

Mandibular first premolars

A comprehensive literature review of the root and root
canal morphology of the mandibular first premolar was
published by Cleghorn et al. in 2007 (76). Approxi-
mately 98% of the 6700 teeth analyzed in this review
were single-rooted. The incidence of two roots was

10

1.8%. Three roots and four roots were found in 0.2%
and 0.1% of the teeth, respectively (76). Studies of the
internal canal morphology revealed that a single canal
was present in 75.8% of the teeth. Two or more canals
were found in 24.2% of the teeth studied. A single
apical foramen was found in 78.9% of the teeth,
whereas 21.1% had two or more apical foramina (76).
Canal configurations in mandibular first premolars may
vary significantly with respect to ethnicity, race, and
sex. In a study of mandibular first premolars in a
Chinese population using the cross-section method,
Luetal. (77) found a single canal (type I) in 54% of the
teeth, two canals in 22% of the teeth, C-shaped canals
in 18% of the teeth, and circumferential canals (a single
canal splitting into three or four canals at the apical
third) in 6% of the cases. Uncommon but possible
morphological anomalies of the mandibular first
premolar are two canals in two roots (78), three canals
in three separate roots (79-81), three canals in one root
(82), and a single main canal that splits into three
separate canals and apical foramina (83) (Fig. 11a-h).

Mandibular second premolars

The morphology of this tooth is generally more regular
and simple than that of the first premolar. Vertucci (8)
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Fig.10. Variability of the root canal morphology of mandibular premolars. (a) One single canal with apical
ramifications. (b, c) Two separate canals in one root. (d) Two canals in two roots. (e¢) Two canals with ramifications
that join at the root middle third and split again apically. (f~h) Three canals.

Fig.11. (a) Re-treatment of a mandibular first molar
with a large periapical radiolucency. (b) Two-year follow-
up radiograph showing two separate canals in the mesial
root, each with apical ramifications and a single canal in
the distal root with an accessory canal. Good healing of
the periapical lesion.

found that the second premolar had one root canal at
the apex in 97.5% of the teeth studied and two canals in
only 2.5%. Mandibular second premolars may have
three canals, but the frequency of this configuration is
scarce, appearing to range from 0% to 0.4% (84).

Mandibular second premolars may present various root
canal aberrations: premolars with three canals were
described by El Deeb (85), Rodig & Hiilsmann (86),
and DeMoor & Carlberson (87); cases with four canals
were reported by Bram & Fleisher (88), Holtzman
(89), and Rhodes (90); and a case of a mandibular
second premolar with five canals was published by
Macri & Zmener (91).

Mandibular premolars, because of their complex
canal systems, are often considered the most difficult of
all teeth on which to perform successful endodontic
treatment (12, 73, 76). When endodontically treating
these teeth, a minimum of two pre-operative radio-
graphs with different cone angulations should be taken
and carefully interpreted (73). In addition, the operat-
ing microscope should be used to facilitate the
observation of anatomical landmarks in the pulp

11
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chamber floor that may help to identify supplementary
root canals or root canal aberrations (87). Further-
more, the operating microscope can often enable the
clinicians to directly visualize the point where the main
canal bi- or tri-furcates and the orientation of canal
orifices. However, if the level of the furcation is deep
and canal orifices are calcified, their identification may
be difficult, even with a microscope.

Mandibular first molars

In a Caucasian population, the majority of mandibular
first molars are two-rooted, with various canal config-
urations in both mesial and distal roots. According to
Vertucci’s classification, the mesial root presents with
two separate canals at the apex in 59% of teeth, two
canals joining with a single apical foramen in 28% of
teeth, a single canal in 12% of teeth, and three canals in
1% of teeth (8, 9) (Fig. 12aand b). In other studies, the
frequency of a middle mesial canal in the mesial root of
mandibular molars varies between 1% and 7% of teeth
(92-99). The three mesial canals can be separate (92—
95) or can join into two and exit with two apical
foramina (96-99). Furthermore, some authors re-
ported cases of mesial roots with four canals, although
this finding should be considered rare (100, 101).
When an additional mesial canal is present, it is located
between the two main canals and its orifice is often
hidden by a dentinal projection of the pulp chamber
wall. This layer of dentin can be differentiated from the
pulp chamber floor because its color is lighter and
similar to the dentin layer that hides the MB2 orifice in
maxillary molars. An operating microscope and ultra-
sonic tips or long shank round burs should be used to

visualize and carefully remove the dentinal strip,
respecting the pulp chamber floor, thus finding the
extra canal orifices. Distal roots of mandibular first
molars, in ethnic Europeans, have one single canal in
about 70% of teeth, two canals joining into one in 15%,
two separate canals in 5%, one canal that splits into two
in 8%, and one canal splitting into two canals that rejoin
into one at the apical third in 2% of the cases (8) (Fig.
13aand b). Also for the distal root, aberrant cases with
three canals have been reported in the endodontic
literature (102-104). On the whole, distal roots
present with two or more canals in about 30% of the
cases. The access opening of the pulp chamber in a
lower molar should be adjusted to locate the orifice of
the second distal canal. The symmetry, shape, and
position of canal orifices and the developmental root
fusion lines should be carefully evaluated; if only a
narrow, round distal canal orifice is found that is not
centered in the root, another canal orifice should be
suspected (38).

A major variant of the two-rooted morphology in the
mandibular first molar is the presence of a super-
numerary root located disto-lingually [radix entomo-
laris (RE)] or mesio-buccally [ 7adix paramolaris(RD) ]
(Fig. 14) (105, 106). The rate of occurrence of this
root dysmorphia in Caucasians (107) and Africans
(108) is less than 5%, whereas in populations with
Mongoloid traits (such as the Chinese, Inuit, and
Native Americans), RE occurs with a frequency that
ranges from 5% to more than 30% (109, 110). A
buccally located RP is very rare and occurrs with a
prevalence of less than 0.5% (105, 106). The dimen-
sions of RE can vary from a short conical extension to a
‘mature’ root with a normal length and root canal

Fig.12. Re-treatment of a mandibular molar with four
separate canals. (a) Pre-operative radiograph. (b) Three-
year follow-up.

12

Fig.13. An extracted mandibular molar with an
entomolaris root.
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Fig.14. (a—d) Four cases of mandibular molars with a third entomolaris root.

(105). In general, RE is smaller than the disto-buccal
and mesial roots and can be separate from or partially
fused with the other roots (105, 106, 111, 112). The
clinical approach, when the presence of a super-
numerary root is suspected, should be based on
accurate radiographic diagnosis, clinical inspection,
and pulp chamber opening. An unclear view or outline
of the distal root contour or the root canal, in the pre-
operative radiograph, can indicate the presence of a
‘hidden’ root (105, 112). A second radiograph, taken
from a more mesial or distal angle (30°), generally
reveals the profile of the RE (105). Clinical inspection
of the tooth crown and of the cervical morphology of
the roots by means of periodontal probing can facilitate
identification of an additional root. An extra cusp
(tuberculum paramolare) or a more prominent disto-
occlusal or disto-lingual lobe, in combination with a
cervical prominence or convexity, can indicate the
presence of an additional root (105). The orifice of the
RE is located mesio-lingually from the main distal
canal, thus requiring a more rectangular or trapezoidal
outline form of the access cavity. A dark developmental

line on the pulp chamber floor, carefully explored with
an endodontic probe, can indicate the precise location
of the RE canal orifice. An operating microscope can be
very useful, especially in cases where the orifices are
covered by a calcification that can be easily removed
with ultrasonic tips or long shank round burs (105)
(Fig. 15a—d).

Mandibular second molars

In a study on 149 mandibular second molars, Manning
found that 76% of the teeth had two roots, 22% had one
root, and 2% had three roots (113). In a study on 100
mandibular second molars, for the mesial root,
Vertucci reported a single canal in 27% of the teeth,
two canals joining in 38%, and two separate canals in
35% of the teeth (8). In the distal root, Vertucci found a
single canal in 92% of the teeth, two canals joining in
3%, and two separate canals in 5% of the teeth (8). The
presence of three canals in the distal root of a second
mandibular molar has been reported by Beatty & Krell
(114). Single-rooted mandibular second molars may

13
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Fig. 15. Histological sections of a C-shaped mandibular
second molar. (a) At the root coronal. (b) Middle third.
(c) Apical third.

have the same canal configuration as two-rooted teeth
or they can show a C-shaped canal system, character-
ized by the presence of a fin or a web connecting the
individual root canals (113, 115-117). The formation
of'a C-shaped root and root canal system may depend
on the failure of the Hertwig’s epithelial root sheath to
fuse on the lingual or buccal root surface (117). The
prevalence of C-shaped canals reported in a Caucasian
population is between 2.7% and 7.6% (56-58);
however, in other ethnic groups, the prevalence can
be significantly higher, with up to a 31.5% incidence
rate reported in a Chinese population (115). The
C-shaped canal system can assume many variations in
its configuration. Fan et al. (118), using micro-
computed tomography (pCT), investigated the C-
shaped canal configurations of 58 mandibular second
molars from the pulp chamber to the apex at 0.5 mm
intervals. The canal shape at each level was classified
into the following five categories:

14

Fig.16. Anatomy of C-shaped molars (Case 1). (a)
Access cavity showing a main C-shaped canal with an
additional MB canal. (b) Post-operative radiograph
showing a complex canal system.

-Category Cl: an uninterrupted ‘C’ outline with no
separation or division;
-Category C2: a semicolon canal shape resulting from a
discontinuation of the ‘C’ outline;
-Category C3: two or three separate canals with an
isthmus linking them;
-Category C4: only one round or oval canal; and
-Category C5: no canal lumen could be observed.
The majority of C-shaped canal systems demonstrate
an uninterrupted ‘C’ configuration at the canal orifice;
however, the cross-sectional shape may vary drastically
along the root in teeth with C1, C2, or C3 configura-
tions. Categories C4 and C5 are mostly seen in cross-
sections near the apex (118) (Fig. 16a—c).
Mandibular molars with C-shaped canals present a
challenge with respect to their cleaning, shaping, and
obturation. This is especially true when it is uncertain
whether a C-shaped orifice found on the floor of the
pulp chamber may continue to the apical third of the
root. An operating microscope can be an invaluble aid
in locating the areas where the main C-shaped canal
splits into two or three canals and identifying the
isthmuses between them (Fig. 17a and b). Irrigation of

Fig.17. Anatomy of C-shaped molars (Case 2). (a)
Access cavity after the obturation showing a continuous
C-shaped canal. (b) Post-operative radiograph showing a
division of the C-shaped canal into three canals: two distal
joining at the root middle third and one mesial.
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C-shaped canals should be carefully optimized using
ultrasonic files to dynamically activate the irrigating
solutions. In fact, the use of 1-min ultrasonic irrigation
before obturation may increase canal and isthmus
cleanliness (119, 120). Obturation techniques based
on warm gutta-percha vertical condensation should be
preferred in C-shaped canals because they develop high
condensation forces, thus allowing three-dimensional
fillings especially of the more intricate arecas of these
difficult canals (121) (Fig. 18a and b).

Risk of missing accessory canals in
maxillary and mandibular teeth

Root canal anatomy can be complicated by lateral
ramifications projecting with different angles and

directions from the main canals. Lateral ramifications
can exit on the external surface of the root with single
or multiple foramina or they can connect two or more
canals in the same root (anastomosis, isthmuses).
Lateral ramifications may be present in all tooth
categories with a significant frequency: De Deus, in
an in vitro study on 1124 cleared teeth, found lateral
ramifications in 27.4% of the examined teeth (122),
whereas Rubach & Mitchell, in another study on
extracted teeth, reported a 45% prevalence (123).
Martic et al. (124) and Karagoz-Kucukay (125)
investigated the frequency of accessory canals in
anterior teeth, reporting an incidence of 33.3% and
32%, respectively, whereas Venturi et al. (126) found
accessory canals in 100% of the examined maxillary
molars. Cantatore ct al. (127) evaluated the frequency

Fig. 18. Lateral ramifications of the main root canal in post-operative radiographs. (a) Maxillary incisor. (b) Mandibular
incisor. (¢) Mandibular second molar. (d) Maxillary first molar. (e, f) Two mandibular molars.
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of accessory canals in 246 extracted teeth (445 root
canals). All teeth were endodontically treated, filled
with vertically condensed warm gutta-percha, and
radiographed with a parallel technique. The examina-
tion of post-operative radiographs revealed lateral
ramifications in 39.83% of the teeth (127). The
frequency of lateral ramifications was significantly
higher in maxillary premolars, followed by maxillary
molars, mandibular molars, and mandibular premolars
(Fig. 19a—f). The distribution of accessory canals in the
three segments of the roots demonstrated the pre-
valence of lateral ramifications in the apical third of the
root (84.5%) in comparison with the middle third
(13.2%) and the coronal third (2.3%) of the root (127).
Lateral ramifications of the main root canals contain
pulp tissue that may be subjected to degenerative and
necrotic processes. Several studies demonstrated that
bacteria through the lateral ramification of the main
root canal may cause periradicular and endo-perio
pathosis, although the real impact of missed accessory
canals on the outcome of endodontic treatment is not
clear and remains controversial (128-132). The
debridement of lateral ramifications cannot be accom-
plished mechanically; thus, it is dependent on the
irrigating solutions and irrigation technique used.
Irrigation procedures should be optimized to enhance
removal of pulp debris and bacteria from accessory
canals and isthmuses, thus improving the potential for
their three-dimensional obturation. Recently, two
studies (119, 120) demonstrated that 1-min irrigation

through an ultrasonically energized needle significantly
enhances the cleanliness of the isthmuses in the mesial
root of mandibular molars. Therefore, 1-2 min of
ultrasonic irrigation should be recommended after
chemo-mechanical preparation to improve the quality
of debridement in the lateral ramifications of the root
canal system (Fig. 20a—c).

Prevention of missed anatomy

Radiographic examination

Although periapical radiographs give a two-dimen-
sional image of the three-dimensional root canal
system, their interpretation reveals external and inter-
nal anatomic details that suggest the presence of extra
canals and/or roots (133). A minimum of two
diagnostic periapical radiographs should be taken for
a careful evaluation of the root canal morphology using
the parallel and mesial or distal horizontal angle
techniques (134). The angled radiographs provide
important information during root canal treatment.
They help to visualize superimposed roots, allow good
visualization of the buccal roots often covered by the
palatal, displace the zygomatic process of the maxillary
bone that can cover the apices of the molars, and
suggest the position (buccal or lingual) of foreign
bodies (134). Martinez-Lozano et al. examined the
effect of X-ray tube inclination on accurately determin-

Fig.19. Clinical impact of lateral canals. (a) Surgical re-treatment of a central incisor with two labial sinus tracts; the two
gutta-percha cones reached periapical and latero-radicular radiolucency. (b) Post-operative radiographs showing the
obturation with MTA of both the main and the lateral canals. (c) Two-year follow-up radiograph showing the healing of

both radiolucencies.
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Fig.20. (a) The sudden disappearance of the root canal
pulp space in the pre-operative radiograph of a
mandibular first premolar indicates a bi- or a tri-
furcation. (b) Post-operative radiograph showing a deep
apical bi-furcation.

ing the root canal system present in premolar teeth.
They found that by varying the horizontal angle, the
number of root canals observed in maxillary premolars
coincided with the actual number of canals present
(135). Pre-operative radiographs should be observed
with careful attention; a sudden change in the radio-
graphic density of the pulp space usually indicates an
additional canal, whereas a sudden narrowing of or
even disappearance of the root canal pulp space
indicates a bi- or a tri-furcation (133) (Fig. 21a and
b). In a case report of a mandibular molar with five
canals, Friedman et al. (104) stated that the examina-
tion of pre-operative radiographs was of critical
importance in identifying the complex canal morphol-
ogy and ‘that any attempt to develop techniques that
require fewer radiographs runs the risk of missing
information which may be significant for the success of
therapy’ (104). Post-operative radiographs can also
provide valuable information on the presence and
position of an extra root and/or canal; obturating
material not centered within the root may be a sign of'a
missing canal. In an investigation on the clinical factors
associated with non-surgical re-treatment, Hoen &
Pink (136) observed a significant correlation in the
asymmetric position of the previous obturation mate-
rial and the subsequent ability to locate untreated canal
space (136). Even though radiographs constitute an
important aid during endodontic treatment, they can
fail in diagnosing canal bi-furcations, accessory canals,
and apical deltas. Nattress et al. (137) assessed the

Fig.21. Pulp chamber of a maxillary first molar
demonstrating Krasner & Rankow’s (38) law of color
change and law of orifice location 1 and 2 (see text).

ability to detect the presence of canal bi-furcation in a
root by viewing radiographs taken in the standard
bucco-lingual direction. Using the guideline that
‘disappearance or narrowing of a canal infers division’
resulted in a failure to diagnose one-third of the twin
canals.

Omer et al. (138) compared clearing and radio-
graphic techniques in studying certain features of the
root canal system; their results indicated the limited
value of radiographs in detecting lateral canals,
transverse anastomoses, and apical deltas. In another
study, Bedford etal. (139) stated that plain radiographs
were ‘insensitive in assessing the number of root canals
present, the presence of lateral canals and the
occurrence of canal obstructions.” To summarize,
information on root canal anatomy that comes from
radiographs is valuable but incomplete, and should
always be integrated with a careful clinical examination,
preferably under magnification.

Access opening

A correct pulp chamber opening represents the most
important step in locating and negotiating the orifices
of the root canals. An adequate opening should provide
complete removal of the pulp chamber roof and all of
the interferences to the root canal system such as
dystrophic calcifications, dentinal neoformations, and
restorations. A proper access cavity preparation re-
quires good knowledge of pulp chamber anatomy and a
careful study of the pre-operative radiographs. The use
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of the operating microscope and endodontic probes

such as the Hu-Friedy DG16 or the JW-17 (C K Dental

Specialties) significantly facilitate the inspection of the

pulp chamber floor and the discovery of canal orifices

(38,140, 141). The literature describing pulp chamber

anatomy is generally based on photographs or designs

of teeth with a complete crown and pulp chambers that
are ideal for both position and width. Unfortunately,
many clinical situations such as prosthetic crowns, large
restorations, occlusal trauma, and dystrophic calcifica-
tion can alter the original anatomy. Ideal access cavity
designs in real teeth may lead to dangerous errors
related to inadequate or over-aggressive preparations
(38). The access cavity design should be adjusted to the
anatomical and clinical situation of each tooth. In order
to give clinicians reliable anatomical guides for access
cavity preparation, in 2004, Krasner & Rankow
evaluated the anatomy of 500 pulp chambers of
extracted teeth and formulated the following anatomic

laws (38):

1. The floor of the pulp chamber is always a darker
color than the surrounding dentinal walls. This
color difference creates a distinct junction where the
walls and the floor of the pulp chamber meet (Law
of color change).

2. The orifices of the root canals are always located at
the junction of the walls and floor (Law of orifice
location 1).

3. The orifices of the root canals are located at the
angles in the floor-wall junction (Law of orifice
location 2) (Fig. 22).

4. The orifices lay at the terminus of developmental root
fusion lines, if present (Law of orifice location 3).

Fig.22. Pulp chamber of a mandibular first molar
demonstrating Krasner & Rankow’s (38) law of
symmetries 1 and 2 (see text).

18

5. The developmental root fusion lines are darker than
the floor color.

6. Except for the maxillary molars, the orifices of the
canals are equidistant from a line drawn in a mesial—-
distal direction through the pulp-chamber floor
(Law of symmetry 1).

7. Except for the maxillary molars, the orifices of the
canals lie on a line perpendicular to aline drawn in a
mesial—distal direction across the center of the floor
of the pulp chamber (Law of symmetry 2) (Fig. 23).

The anatomical laws formulated by Krasner & Rankow

(38) should be taken into consideration when opening

pulp chambers because they give dentists general

anatomical landmarks (independent from the crown
anatomy) that may be very useful to localize the orifices
of hidden canals.

Use of the operating microscope

An important aid for locating root canals is the dental
operating microscope (DOM), which was introduced
into endodontics to provide enhanced lighting and
visibility. It brings minute details into clear view. It
enhances the dentist’s ability to selectively remove
dentin with great precision, thereby minimizing
procedural errors. Several studies have shown that the
DOM significantly increases the dentist’s ability to
locate and negotiate canals. Stropko (49) determined

g
| @

Fig.23. Ultrasonic tips with sharp ends were used to
localize the orifices of two separate canals in a mandibular
lateral incisor. (a) Pre-operative radiograph. (b) Post-
operative radiograph.
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that a higher incidence of MB2 canals were located ‘as
he became more experienced, scheduled sufficient time
for treatment, routinely used the DOM, and employed
specific instruments adopted for micro-endodontics’.
Kulild & Peters (142), utilizing the DOM, located two
canals in the mesio-buccal root of maxillary molars
95.2% of the time. Baldassari-Cruz et al. (143)
demonstrated an increase in the number of second
mesio-buccal canals (MB2) located from 51% with the
naked eye to 82% with the DOM. Schwarze et al. (144)
identified 41.3% of MB2 canals using magnifying
loupes and 93.7% of MB2 canals with the DOM.
Buhrley et al. determined that the DOM was effective
in locating MB2 canals of maxillary molars. When no
magnification was used, this canal was located in only
18.2% of teeth. When using the DOM, the MB2 canal
was found in 41 of 58 teeth or 71.1% (145). Yoshioka
et al. confirmed the effectiveness of magnification and
dentin removal (troughing) when locating the second
mesio-buccal canal in 208 extracted maxillary molars
(1406). Liang et al. estimated the diagnostic potential of
the DOM used for locating the MB2 orifice in 120
extracted maxillary first molars. The authors demon-
strated that the sensitivity and accuracy of the DOM
group were significantly higher than those of the naked
eye group (P<0.05) (147). Cochlo de Carvalho &
Zuolo concluded that the DOM made canal location
casier by magnifying and illuminating the grooves in
the pulpal floor and differentiating the color differ-
ences between the dentin of the floor and the walls.
The DOM enabled them to find 7.8% more canals in
mandibular molars (148). All of these studies demon-
strate that magnification and illumination are essential
armamenteria for performing proper endodontic
therapy.

Use of ultrasonics

Two different types of ultrasonic (US) units are
commonly used in dentistry: magnetostrictive and
piezoelectric. Piezoelectric units are generally preferred
in Endodontics; they offer more cycles per second
(40kHz), generate less heat, and their inserts work in a
linear, back-and-forth motion with a vibration ampli-
tude that does not increase linearly with increasing
generator power. Several brands of piezoelectric units
are available today; all work properly when using tips
designed and tuned for each specific generator (149-
151). US tips for endodontic use provide important

advantages when refining access cavities, removing
calcifications, and locating the orifices of hidden canals.
US tips with thin, contra-angled, and parallel-sided
profiles enhance access and vision while their abrasive
coating improves the precision and cutting efficacy
(149, 151). The best results are obtained when US tips
are used with a light brush touch, medium power, and
under the control of the operating microscope (152,
153). Yoshioka et al. determined that both magnifica-
tion and dentin removal under magnification were
effective in detecting the presence of MB2 canals. In
particular, the authors could detect the MB2 canal in
7% of cases with the naked eye, in 18% of cases using
magnification, and in 42% of cases using US tips under
the operating microscope (146). Furthermore, the use
of US instruments under magnification enhances the
precision and reduces the risk of complications such as
ledges and perforations (149, 151-153). US tips are
available in different lengths, diameters, angles, and
designs, with or without water ports. Ruddle (151)
affirms that water port technology in non-surgical US
instruments is contraindicated for four important
reasons: (a) water decreases tip performance; (b) tips
machined for internal water flow become more fragile;
(c) there is an undesirable aerosol effect; and (d) water,
in combination with dentinal dust, creates mud and
reduced visability, thereby increasing the potential for
iatrogenic outcomes. However, using US tips in the
pulp chamber without water produces dentinal dust,
which accumulates on the floor and may hide the canal
orifices. In addition, the risk of critical temperature
increases on the root surface is significantly higher
when US tips are used without a water coolant (154,
155). Thus, US tips with a water port are preferred;
indeed, the intermittent use of the tips with and
without water allows a proper cooling of the dentin and
adjacent tissues without a significant loss of visibility
(146, 154). When working with US instruments, it is
important to select a tip with an adequate design to
optimize efficiency while at the same time reducing the
risk of complications such as tip breakage or perfora-
tion of the pulp chamber floor. Robust, slightly conical
tips are indicated to refine the access cavity while
thinner tips with rounded, non-aggressive ends are
preferred when removing dentin from the orifice of
MB?2 or other hidden canals. The spherical end of these
tips creates round grooves on the pulp chamber floor,
which facilitate localization and negotiation of hidden
canals. Conversely, thin US tips with sharp ends are
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indicated to remove calcification from the pulp
chamber and canal orifices, always under magnification
(Fig. 10a and b). Lastly, abrasively coated US tips are
preferred over stainless-steel tips when working in the
pulp chamber because of their greater cutting efficiency
(156, 157). Diamond-coated tips were, in particular,
significantly more aggressive than stainless-steel and
zirconium-nitride-coated tips in a study by Lin et al.
(157); however, these tips did show a tendency to
break. Niobium alloy tips, recently invented and
patented by Satelec, appear to be a promising material
for US tips due to their biocompatibility, resistance,
and transmission of ultrasound. Clinically, the tips are
efficient and do not break but there are currently no
studies available that demonstrate their superiority over
the stainless-steel or diamond-coated tips.

Impact of missed anatomy on the
outcome of endodontic treatments

Itis generally accepted that a major cause for the failure
of root canal therapy is an inability to recognize the
presence of and to adequately treat all of the canals (4,
5, 11). Unfortunately, prospective studies demonstrat-
ing the impact of missed anatomy on outcome of
endodontic treatment are not available for obvious
cthical reasons; researchers could not in good con-
science neglect to treat a known MB2 for the sake of an
experimental group with which to compare (11).
Therefore, the endodontic literature on this issue
consists mainly of retrospective and epidemiological
studies. The more extensive and classic of these studies
is the Washington study, which was conducted at the
University of Washington, revealing an almost 9%
failure rate 2 years after treatment (5). In the
Washington study, unfilled canals were associated with
3% of endodontic failures, whereas incomplete obtura-
tions and excessive overfills were noted in 59% and 4%
of'the failures, respectively (5). In a statistical analysis of
re-treatment cases, Allen et al. analyzed a total of 1300
endodontic patients for factors that may have con-
tributed to the failure of the original treatment or the
success of the re-treatment (158). The reasons for re-
treatment were judged from patient records and
radiographs and were divided into seven categories;
untreated canals, in this study, were responsible for
failure in 114 cases, with an 8.8% prevalence (158). In
another investigation, Hoen & Pink determined
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radiographical and clinical factors associated with
contemporary non-surgical endodontic re-treatment
(136). Approximately 1100 failing endodontically
treated teeth were screened and 337 consecutive re-
treatment cases were evaluated and treated. The vast
majority of the retreated cases involved multiple
factors. Eighty-five percent of the cases presented with
periradicular radiolucencies. There were 53 cases in
which the previous obturation material was not
symmetrically located within the root (22% of the cases
measured). In 47 out of 53 cases with an asymmetrical
obturation, an additional canal was located during the
clinical non-surgical re-treatment (89%). The associa-
tion of asymmetric obturations and clinically locating
additional canal space was statistically significant (Chi-
square, P < 0.05). The incidence of missed roots or
canals discovered in this investigation was 42% (136).
The difterent incidence of untreated canals reported in
Hoen’s and Allen’s studies may depend on the different
methods used in the two investigations. Allen et al.
(158) based the identification of missed canals mainly
on post-operative radiographs, whereas Hoen & Pink
completed all clinical evaluations under a magnification
of at least 3.25 power (1306).

A group of epidemiological surveys supports the
impact of missed canals on endodontic failures,
demonstrating a direct link between the complexity
of the root canal system and the incidence of post-
treatment disease. In the Washington study (5), the
mandibular first premolar had the highest failure rate at
11.45%. Possible reasons for this conclusion are the
numerous variations in root canal morphology that
mandibular premolars may have and the difficult access
to additional canal systems when present (5). De Moor
et al. (159) collected data from 206 panoramic
radiographs to assess the technical standard of root
canal treatment in a Belgian population as well as the
prevalence of AP. The distribution of teeth with
periapical pathosis seen on panoramic radiographs
according to the tooth type demonstrated that
mandibular first molars showed a 17.3% incidence of

AP, whereas for mandibular central incisors the

prevalence was 2.1%. For maxillary first premolars,
the frequency of periapical pathosis was 11.9%, whereas
for the maxillary central incisor, it was 5.2% (159). In
another similar epidemiological survey in an adult
French population, Lupi-Pegurier et al. (160) reported
a frequency of periapical radiolucencies in maxillary

molars and premolars of 14.8% and 11.3%, respectively,
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whereas the prevalence was 5.7% in maxillary incisors.
Two additional retrospective analyses of orthopanto-
mograms confirmed that posterior root-filled teeth
(premolars and molars) had a greater frequency of AP
compared with anterior root-filled teeth (161, 162).
Loftus et al. (161), in an adult Irish population,
reported an incidence of AP of 31.7% in molars and
20.7% in anterior teeth. Kabak & Abbott (162), in an
adult Belarusian population, reported a 23% incidence
of AP in molars, 14% in premolars, 4% in canines, and
6% in incisors. To summarize, teeth with frequent
aberrant canal configurations present a higher risk of
developing post-treatment disease.

A new approach for the study of the impact of missed
anatomy on the outcome of non-surgical root canal
treatment has been described by Wolcott et al. in two
clinical investigations of MB2 canals in endodontically
treated and retreated maxillary molars (10, 11). The
authors researched the difference between the inci-
dence of MB2 canals in maxillary molars in need of
initial treatment versus failing maxillary molars that
were in need of re-treatment. The incidence of an MB2
canal in first molar re-treatments was 67% compared
with a 59% incidence rate in initial treatments (11). The
significant difference in the incidence of MB2 canals
between initial treatment and re-treatment cases
suggests that failure to find and treat existing MB2
canals will decrease the long-term prognosis. Hope-
fully, the methodology used in the two Wolcott studies
will be extended to other categories of teeth in future
investigations; by comparing the number of canals
found in failed treatment cases and after re-treatment,
it will be possible to evaluate the impact of untreated
canals on clinical outcome.

Clinical impact of missed anatomy

The clinical impact of untreated canal spaces may vary
from clinical and radiographical normalcy to severe
symptoms of acute pulpitis or apical abscess. The
following case reports provide an idea of the extreme
variability of symptomatology associated with missed
canal spaces.

Case report 1

A 40-year-old male patient was referred to our clinic for
evaluation and re-treatment of tooth #29. The patient
stated that after the previous endodontic treatment

about 6 months earlier, he had experienced moderate
pain that was tolerable; however, for the past 3 days,
the pain characteristics had changed to severe sponta-
neous pain, exaggerated by hot stimuli. Clinical
examination revealed moderate sensitivity to percus-
sion of the tooth. Examination of the buccal mucosa
and periodontal probing were normal. Radiographic
examination revealed a double-rooted tooth, with only
one of the roots (distal) endodontically treated.
Furthermore, the asymmetry of obturation material
within the distal root suggested the presence of a third
root or canal. No periapical radiolucency was evident
(Fig. 24a). Under magnification, the old obturation
material was removed and a second disto-lingual canal
orifice was located in the middle third of the root.
Then, the two distal canals were shaped and filled with
two Thermafil™ obturators (Dentsply Maillefer) (Fig.
24b). Following the indications of the post-operative
radiograph, US tips were used to remove calcified
dentin from the pulp chamber, thus locating the orifice
of the mesial canal, which was shaped and filled in the
same visit. Pulp tissue in the mesial canal was still vital
(Fig. 24c and d). The tooth, examined clinically after
one week, was totally asymptomatic.

Case report 2

A 50-year-old male patient was referred to our clinic for
evaluation and surgical re-treatment of tooth #20. The
patient indicated that the tooth had been endodonti-
cally treated 3 years carlier and was restored with a
metal cast post and a metal ceramic bridge (Fig. 25a).
After the treatment, the patient experienced two
episodes of acute apical abscess. Clinical examination
revealed palpation pain associated with the buccal
mucosa of tooth #20 and severe tenderness to
percussion. Examination of the pre-operative radio-
graph revealed an incongruous endodontic treatment,
which did not reach the apex, and a large periapical
lesion. The radiographic appearance of the tooth did
not clearly show the presence of extra roots and/or
canals (Fig. 25a). After local anesthesia (2% lidocaine
with 1:50 000 epinephrine), a mucoperiosteal flap was
made. Periapical pathosis was noted at the apex of
tooth #20 with cortical bone fenestration. The
granulation tissue was curetted, an osteotomy was
prepared, and 3 mm of the root ends was resected with
the aid ofa surgical operating microscope. The resected
root surfaces were examined at a high magnification.
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Fig.24. Case report 1. (a) Pre-operative radiograph. (b)
Obturation of the two distal canals. (c) Working length of
the mesial canal. (d) Post-operative radiograph.

Methylene blue staining revealed two previously
unidentified apical orifices and microleakage of the
previously obturated root canal (Fig. 25b). Root-end
preparation was carried out with ProUltra Surgery tips
(Dentsply Maillefer) under the microscope and the
prepared cavities were filled with MTA (Dentsply
Maillefer) (Fig. 25c¢). Post-operative radiographs were
taken (Fig. 25d). The patient was examined clinically
and radiographically at a 1-year recall visit. The tooth
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was asymptomatic and periapical healing was observed
radiographically (Fig. 25¢).

Case report 3

A 15-year-old female patient was referred to our clinic
for evaluation and non-surgical re-treatment of tooth
#3. The tooth had already been endodontically treated
two times. The patient reported moderate pain during
mastication, but no spontaneous pain was present.
Clinical examination revealed a buccal sinus tract stoma
in the attached gingiva between the second premolar
and the first molar (Fig. 26a). The patient was sensitive
to percussion only on tooth #3; vitality tests on tooth
#3 were negative. There was no mobility, but probing
revealed a broad periodontal pocketing in the mesio-
buccal surface of the mesial root of the first molar with
amaximum depth of 7 mm. The surrounding teeth did
not demonstrate any clinical signs or symptoms.
Radiographic examination with a gutta-percha cone
within the sinus tract confirmed that the origin of the
infection was the mesio-buccal root of the first molar.
The asymmetry of the obturation material within the
MB root suggested the presence of an untreated canal.
A small radiolucency surrounded the apex of the mesio-
buccal root, whereas the disto-buccal and palatal roots
did not show radiographic signs of infection (Fig. 26a).
Because of the poor coronal restoration with a high risk
of coronal microleakage, we decided to retreat all
canals. First, a correct access cavity was opened and the
old obturation material was removed from the three
main canals MB1, DB, and palatal. The three canals
were abundantly irrigated with sodium hypochlorite.
The observation of the pulp chamber floor under the
operating microscope did not reveal any sign of the
MB2 canal (Fig. 26b). Using a US tip, we created a
groove between the orifices of the MB1 and the palatal
canals. After that, the second mesio-buccal canal could
be localized using a DG 16 endodontic probe and then
negotiated and shaped (Fig. 26¢ and d). Next, the
reshaping of the three main canals was completed (Fig.
26¢) and the four canals were obturated with vertically
condensed warm gutta-percha (Fig. 26f and g). At the
1-week recall visit, the patient was symptom-free and
the sinus tract had healed. A 1-year follow-up radio-
graph demonstrated complete healing of the bone
lesion (Fig. 26h).
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Fig. 25. Case report 2. (a) Pre-operative radiograph. (b, c) Intra-operative photographs. (d) Post-operative radiograph.

(e) 1-year follow-up radiograph.

Case report 4

A 48-year-old male patient was referred to our clinic by
a dentist who had endodontically treated the maxillary
right first molar 1 year earlier. The dentist localized and
treated three canals (MB1, DB, and palatal), restored
the tooth with composite resin, and covered it with a
ceramic—metal crown. After the initial treatment, the
patient experienced moderate sensitivity to pressure
that was tolerable; however, 3 months later, pain
characteristics had changed to intense pain with severe
swelling. Therefore, the patient returned to his dentist,
who made a diagnosis of acute apical abscess,
prescribed antibiotics, removed the crown, re-opened
the tooth, and attempted root canal re-treatment,
which resulted in a perforation on the pulp chamber
floor (Fig. 27a). Consequently, the dentist decided to
refer the patient to us for evaluation and treatment.

Clinical examination showed moderate swelling of the
buccal mucosa and severe tenderness to percussion of
the tooth #3, whereas responses to cold and hot stimuli
were negative. Periodontal examination revealed prob-
ing depths of 4-6 mm, with moderate probing into the
furcation. A pre-operative radiograph taken after
removing the prosthetic crown revealed normalcy of
the palatal and DB roots, whereas the MB root showed
an apparent radiolucency around the apex. The
asymmetry of the obturation material within the MB
root profile confirmed the suspicion of an untreated,
missed canal (Fig. 27a). The observation of the pulp
chamber floor under the operating microscope re-
vealed an additional canal orifice partially hidden
by dentin and by the composite resin used to restore
the tooth after the first treatment. A perforation
with a diameter of 3-4mm was present between
the MBI and the palatal canals (Fig. 27b). Using an
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Fig.26. Case report 3. (a) Pre-operative radiograph. (b—d) Intra-operative photographs. (e) Working length
radiographs. (f) Post-operative photograph. (g) Post-op radiograph. (h) One-year follow-up radiograph.

US tip under magnification, the interferences which
hid the MB2 orifice were removed and the canal was
then negotiated and shaped. The MBI canal was also
retreated and a working length radiograph was taken to
confirm that the two canals had separate apical
foramina (Fig. 27¢ and d). Next, the two MB canals
were filled with vertically condensed warm gutta-
percha and the perforation was repaired with MTA.
To increase the stability of the MTA layer, we decided
to create additional retention within the orifice of
the MB2 canal (Fig. 27¢). A post-operative radiograph
was then taken to control both the obturation of
the two MB canals and the repair of the perforation
(Fig. 27f). Two weeks after the therapy, the tooth was
asymptomatic and the swelling had disappeared. The
patient was examined clinically and radiographically at a
1-year recall visit, at which time the tooth was
asymptomatic and the periapical lesion had healed
(Fig. 27g).
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Case report 5

A 22-year-old male visited our clinic for clinical
evaluation and re-treatment of tooth #30. The patient
stated that after the first endodontic treatment, 2 years
carlier, he had experienced moderate pain during
mastication exaggerated by hot stimuli. After some
weeks, heat sensitivity disappeared; however, tooth
#30 remained sensitive to contact with the opposing
teeth during mastication. Clinically, at the evaluation
appointment, the tooth had a large coronal composite
restoration, was sensitive to palpation and percussion,
and did not respond to the pulp vitality tests (Fig. 28a).
The periodontal condition of the tooth was normal and
no pocketing was observed. Also, tooth mobility was
normal without any observable swelling. Radiographic
examination confirmed that the tooth had been
previously endodontically treated. Under the crown
restoration, severe secondary caries and a screw post in
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Fig.27. Case report 4 (Pf = perforation). (a) Pre-operative radiograph. (b) Pre-operative photograph. (c) Working
length radiograph. (d, e) Intra-operative photographs. (f) Post-operative radiograph. (g) One-year follow-up

radiograph.

the distal root were evident. The root canal obturation
stopped at the middle third of the canal in the distal
root and in the apical third in the mesial canals; both
root apices were surrounded by periradicular radiolu-
cencies (Fig. 28a). Under magnification, the post, the
carious dentin, and all of the old obturation material
were removed, the root canals were abundantly
irrigated with sodium hypochlorite, and the pulp
chamber floor was examined with the help of a DG
16 endodontic probe. Increasing the magnification of
the operating microscope to x 20, it was possible to
locate the orifice of a third mesial canal and a tri-
furcation in the distal root starting in the middle third
(Fig. 28b—t). US tips were used to remove all dentin
interferences to the canal orifices. The three mesial
canals were separate, whereas the middle distal canal
merged with the disto-lingual canal (Fig. 28b-f). All

canals were then shaped, disinfected, and filled with
vertically condensed warm gutta-percha. The post-
operative radiograph taken with the shift cone angle
technique demonstrated the presence of the six canals
(Fig. 28g). At the following visit, one week after the
re-treatment, the tooth was asymptomatic. The 1-year,
2-year, 3-year, and 5-year follow-up radiographs
demonstrated complete healing of the osseous lesions
with evidence of periodontal ligament formation
around both roots (Fig. 28h).

Concluding remarks
The risk of missing anatomy during root canal

treatments is high due to the complexity of the root
canal system. All categories of teeth may have extra
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Fig.28. Case report 5. (a) Pre-operative radiograph. (b, c¢) Intra-operative radiographs of the three separate mesial
canals. (d) Intra-operative radiograph of the two main distal canals. (e) Intra-operative photographs of the three mesial
canals. (f) Intra-operative photograph of the three distal canals. (g) Post-operative radiograph. (h) 5-year follow-up

radiograph.

roots and/or canals, with an increased likelihood of
finding aberrant canal configurations in premolars and
molars. In addition, lateral ramifications of the root
canal system may be present in all teeth with significant
frequency, increasing the probability of leaving un-
treated spaces after root canal therapy. Prevention of
missed anatomy starts with good pre-operative radio-
graphs, even though radiographs have limitations in
assessing the number of canals and the presence of
accessory canals and anastomoses. Without doubt, a
proper access cavity preparation is of central impor-
tance in localizing the orifices of the root canals. In
addition, to find hidden and extra canals, an adequate
armamentarium is required; the DOM will provide
enhanced lighting and visibility, whereas US tips will
allow a controlled and delicate removal of calcifications
and other interferences to the canal orifices. The

26

impact of missed anatomy on the outcome of
endodontic treatment is difficult to assess and the
literature on this subject is limited; a promising
approach for future investigation may involve a
comparison of the number of canals found in failed
treatment cases and after re-treatment. The clinical
impact of missed anatomy can be clearly demonstrated
with the large number of re-treatment case reports
available in the literature; in the majority of these cases,
failure of endodontic therapy is associated with
untreated canal space. Localization and treatment of
the missed anatomy typically leads to complete clinical
and radiographic healing. Finally, untreated canal space
may be associated with a remarkable variety of
symptoms ranging from asymptomatic teeth to acute
responses to hot and cold stimuli and from slight
sensitivity to percussion and/or palpation to acute
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abscesses. The variability of symptoms and diagnostic
and therapeutic difficulties make the treatment of

missed anatomy a challenge for the general dentist;

consequently, treatment of these difficult cases should

be managed by dentists with advanced training in

endodontics.
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