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Abstract
Unfortunately, a small percentage of 
endodontically treated teeth do not 
respond favorably to non-surgical 
root canal treatment. Failure to 
locate and treat an additional ca-
nal system is cited as the principle 
basis for endodontic retreatment. 
The aim of this retrospective clinical 
study was to identify the incidence 
of additional or missed canal sys-
tems in molar retreatment cases in 
a private practice setting. Missed 
canals were identified in 64 of the 
133 previously treated teeth (48%). 
Of the total missed canals, 11% 
involved a maxillary second molar 
and 44% involved a maxillary first 
molar. For the maxillary first molars, 
93% of all missed canal were identi-
fied in the mesiobuccal root.  In the 
mandibular second molars, 29% of 
missed canals were identified in the 
distal and 71% were identified in the 
mesial root. In the mandibular first 
molars, 86% of missed canals were 
identified in the distal and 14% were 
identified in the mesial root. The 
results of the current study support 
the findings of previous studies and 
confirm the importance of locating, 
instrumenting and obturating the 
additional canal systems in molar 
endodontic treatment.  Given that 
failure to locate all canal systems of 
a tooth contributes significantly to 
unsuccessful endodontic treatment, 
all measures available to the clini-
cian to maximize canal identification 
should be used.

KEy WoRDS:  missed root ca-
nal, endodontic retreatment, tooth 
anatomy

Tex Dent J 2013;130(2): 127-139.

Introduction 
The goal of endodontic treatment is to preserve healthy 
and functional teeth. Classic studies report a success rate 
of approximately 95% in all treated endodontic cases (1-3).  
The small percentage of endodontic failures are charac-
terized by persistent or reoccurring apical periodontitis. 
Typically, the lack of healing is a result of persistent intra-
radicular infection residing in previously uninstrumented 
canals or in the complex irregularities of the root canal 
system (4).  In a smaller percentage of cases, persistent 
apical periodontitis is due to extraradicular causes includ-
ing periapical actinomycosis, a foreign body reaction or an 
unresolved cystic lesion (5-9). 

An examination of failed cases showed that more than two-
thirds of these failures were related to incomplete cleaning 
and obturation of the root canal system (1). The quality of 
previous endodontic treatment has been found to be a ma-
jor factor in the success of retreatment procedures, with 
previous poor quality endodontic treatment having a great-
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er chance of being successfully 
retreated (12).  The treatment 
of the disease consists of eradi-
cating the root canal microbes 
or substantially reducing the 

microbial load and preventing 
reinfection by placing a well 
compacted root canal filling to 
the ideal working length and a 
well formed coronal restoration 

(Figure 1) (13). Clinically, this 
involves the chemo-mechanical 
removal of microorganisms 
and their substrate followed by 
obturation of the canal space. 

C L I N I C A L    R E P O R T

Figure 1. A: preoperative radiograph; B: preoperative radiograph with sinus trace in place; C: postoperative radiograph; 
D: 1-year recall radiograph.
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Complex tooth anatomy can 
prove to be a considerable chal-
lenge for the clinician during 
cleaning, shaping, and obtura-
tion of the root canal system. 
It is not surprising then that 
one of the most likely causes 
of persistence or development 
of periradicular disease fol-
lowing endodontic therapy is a 
failure to locate, clean, shape, 
and obturate all canal systems 
within a tooth (Figures 2 and 3) 

(11,14,15). Nonsurgical retreat-
ment has been shown to be 
associated with a high degree of 
success (Figure 4) (12,16-22).
In vitro studies have con-
tributed significantly to the 
understanding of root canal 
morphology. They demonstrate 
the complexities that the clini-
cian faces when undertaking 
endodontic treatment (Table 1). 
Several clinically based studies, 
focusing mainly on the mesio-

C L I N I C A L    R E P O R T

buccal root (MB) of the maxil-
lary molars, have investigated 
the presence of additional canal 
systems in failing root canal 
treated teeth (15,23,24). In 2 
separate studies of the pres-
ence of additional canal system 
in the MB root of the maxillary 
molars, Wolcott et al found that 
the incidence of an additional 
canal system in the MB root in 
first molar non-surgical retreat-
ments was 66-67% and 40-44% 

Figure 2. A: cone-beam computed tomography (CBCT) image of an endodontically treated mandibular second molar; B: 
CBCT image of an endodontically-treated mandibular second molar with the likely position of the missed mesiolingual canal 
indicated (red dot and red arrows); C: preoperative radiograph; D: postoperative radiograph (note the presence of a cleaned 
and shaped canal in the mesiobuccal root); E: 1 year recall radiograph.-
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Figure 3. A: preoperative radiograph of an endodontically treated maxillary second molar; B: CBCT image of the same 
endodontically treated maxillary second molar; C: axial view demonstrating a C-shaped buccal root system; D: missed canal 
space. 

-

Figure 4. A: preoperative radiograph; 
B: postoperative radiograph; C: 1-year 
recall radiograph.

Figure 5. A: Initial access, red arrow indicating the presence of a missed second mesiobuccal canal; 
B:  green arrow indicating the shaped second mesiobuccal canal; C: final obturation.
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in second molar non-surgical 
retreatments (23,24). Hoen and 
Pink reported 42% of nonsur-
gical retreatment cases had 
missed canals. Furthermore, 
additional canal space was 
located and treated in 89% of 
nonsurgical retreatments (15). 
The aim of this clinical study 
was to identify the incidence of 
missed canal systems in molar 
retreatment cases in a private 
practice setting and discuss 
contemporary measures to fa-
cilitate successful treatment.

Materials and 
Methods

The data was retrospectively 
collected from patients referred 
to 2 endodontists for the man-
agement of failing endodonti-
cally-treated teeth. Consecutive 
nonsurgical retreatments of 
all molar teeth for a period of 
1 year were included in this 
study. The teeth were examined 

and a diagnosis and treatment 
plan was established. Informed 
consent was routinely obtained 
from each patient before ex-
amination and treatment, and 
there were no contraindica-
tions to nonsurgical endodontic 
treatment. Standard straight- 
on and distal angle periapi-
cal radiographs were taken of 
each tooth. A second canal was 
suspected if multiple periodon-
tal ligament spaces or apices 
were noted radiographically or 
if an instrument appeared to 
be off center in the root. Dur-
ing the treatment, the tooth 
number and the presence of an 
additional canal system was 
recorded in the practice man-
agement software (TDO; The 
Digital Office, Santa Barbra, 
California, USA). 

All treatments were completed 
using a Zeiss (Carl Zeiss Med-
itec, Dublin, California, USA) 
dental operating microscope 
at a magnification of at least 
7.5 power. In maxillary molar 

teeth, access preparations were 
routinely modified to a rhom-
boidal shape and troughing of 
the fissure or groove between 
the MB and palatal canals was 
routinely performed (25-26). 
Troughing was continued until 
the presence or absence of 
a second mesiobuccal (MB2) 
canal was established (Figure 
5). The depth of the trough was 
not recorded. To be included 
and recorded as a second ca-
nal, the canal had to be nego-
tiable and obturated to its own 
apex or within 5 mm of the 
apex when contiguous with an 
adjacent canal system.

Results

A total of 133 molars were 
examined. Missed canals were 
identified in 64 of the 133 pre-
viously treated teeth (48%). Of 
the total missed canals, 11%  
(n = 7) involved a maxillary sec-
ond molar (Figure 7), and 44% 
(n = 28) involved a maxillary 

Tooth  Maxillary  Maxillary Maxillary Maxillary Mandibular Mandibular Mandibular Mandibular Mandibular Mandibular Mandibular
 Second First Second First Second First Second First Canine Lateral Central
 Molar Molar Premolar Premolar Molar Molar Premolar Premolar  Incisor Incisor

1 canal 3%  54% 10%   90% 75% 80% 60% 65%

2 canal 7%  45% 85% 5% 5% 10% 25% 20% 40% 35%

3 canal 55% 25% 1% 5% 55% 55%     

4 canal 35% 75%   40% 40%     

     C-Shaped*      

* C-shaped canal systems occur in the mandibular second molar tooth in  ~10% of a mixed population and  ~30% of an Asian population.

Table 1. Tooth Anatomy: Number of Canals per Tooth
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first molar. For the mandibu-
lar teeth, 11% (n = 7) involved 
a second molar, and 34% (n = 
22) involved a first molar. With 
respect to the missed canal 
system in the maxillary sec-
ond molars, 71% (n = 5) were 
located within the MB root. 
For the maxillary first molars, 
93% (n=26) of all missed canals 
within this tooth group were 
identified in the MB root. For 
the mandibular second molars, 
29% (n = 2) were identified in 
the distal and 71% (n = 5) were 
identified in the mesial root. 
For the mandibular first mo-
lars, 86% (n = 19) were identi-
fied in the distal, and 14% (n = 
3) were identified in the mesial 
root. A summary of the results 
is presented in Table 2. Figures 
6–8 are examples of cases of 
previous endodontically-treated 

teeth where canal systems 
remain unidentified and un-
treated.  

Discussion

Diagnosis is undoubtedly the 
most important part of clini-
cal endodontics, especially in 
retreatment cases. Teeth are 
frequently relegated to the “fail-
ure” category without adequate 
assessment of the etiology for 
the failure. “Failure” is fre-
quently a direct result of the 
presence of uninstrumented 
and inadequately debrided 
canal space such as extra 
canals, anastomoses, or un-
usual anatomical morphology.  
Canals may be left untreated 
if their presence is not recog-
nized by the dentist (27). It is 

incumbent on the clinician to 
do a thorough and exhaustive 
assessment, using all available 
technologies and techniques, 
before determining the appro-
priate treatment for the tooth, 
be it retreatment or extraction.  

Failure to locate and treat a 
second canal system contrib-
utes importantly to unsuccess-
ful root canal treatments. This 
has widespread implications 
for patient morbidity and ad-
ditional financial consequences 
and inconvenience for patients. 
The majority of studies that 
examine the impact of missed 
canal systems during root 
canal treatment focus on the 
MB roots of maxillary molars, 
which has been recognized for 
decades and demonstrated in 
both in-vitro and in vivo stud-

C L I N I C A L    R E P O R T

Figure 6. 1: CBCT image of an endodontically-treated maxillary first molar; 2: CBCT image of an endodontically treated maxil-
lary first molar with A and B the offset center position of the MB canal (indicating the likely presence of the missed MB2 canal). 
C notes the broadness of the mesiobuccal root in the 3D reconstruction.
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Figure 7. A: CBCT image of an endodontically-treated maxillary second molar (red dot and red arrow indicating the position of 
a missed MB2 canal); B: CBCT image of an endodontically-treated maxillary second molar (red dot and red arrow indicating 
the position of a missed distobuccal canal); C: preoperative radiograph; D: postoperative radiograph (note the presence of  
cleaned and shaped MB2 and distobuccal canal systems); E: 12-month recall radiograph; F: 12-month recall radiograph.

Tooth No. No. of teeth treated      No. of teeth with                % of teeth with
       missed canals                missed canals

Tooth 15 8 6 75%
Tooth 14 27 14 52%
Tooth 2 4 1 25%
Tooth 3 19 14 74%
Tooth 19 30 10 33%
Tooth 18 4 3 75%
Tooth 30 27 12 44%
Tooth 31 14 4 29%
Totals 133 64 48%

Table 2. Summary Data

creo
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ies (23,24,28-42). Historically, 
in vitro studies have contrib-
uted significantly to the under-
standing of root canal morphol-
ogy. Results from these studies 
have highlighted the prevalence 
of MB2 canals in extracted 
maxillary molar teeth. A 2005 
in vivo examination of 5,616 
maxillary molars revealed that 
MB2 canals were present in 
60% of first and 35% of second 
molars (23). The definition of 
what constitutes a “missed” 
canal has major impact on the 
results of individual studies. In 
2005 Wolcott stipulated that to 
be included in the study, the 

MB2 canal had to be negotiated 
and obturated either separate 
from the MB or within 5mm 
of the apex when it joined the 
MB canal (23). These ‘stringent’ 
criteria account for the slightly 
lower incidence of negotiable 
MB2 canals compared to other 
in vivo studies (33,43-45). The 
present study adopted similar 
criteria. In the Kulid and Peters 
study, 2 canals were identified 
in 95.2% of the MB roots in the 
first and second maxillary mo-
lars examined (40). In a review 
of laboratory versus clinical 
studies, Pomeranz and Fish-
elberg documented significant 

variability in the frequency with 
which an MB2 canal is located 
(41). 

Several studies have high-
lighted the importance of using 
a dental operating microscope 
especially when treating maxil-
lary molar teeth. Using an den-
tal operating microscope MB2 
canal systems were located 
and negotiated in 80% of cases 
which was significantly higher 
than when a microscope was 
not used (47). Additionally, us-
ing the dental operating micro-
scope, significantly improved 
access cavity preparation and 

C L I N I C A L    R E P O R T

Figure 8. 1: CBCT image of an endodontically-treated mandibular first molar; 2: CBCT image of an endodontically-treated 
mandibular first molar with the likely position of the missed MB canal indicated (A&B); 3: 3D reconstruction demonstrating (C) 
root resorption of the MB root and  the mental nerve foramen; 4: preoperative radiograph; 5: postoperative radiograph (note  (D)
the presence of a cleaned and shaped canal in the MB root); 6: 9-month recall radiograph.

creo
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accuracy in identifying canals 
(48). It has been demonstrated 
that the use of a dental operat-
ing microscope by experienced 
endodontists enhances the 
chance of identifying additional 
canal systems. Buhrley et al 
showed that the use of magni-
fication increases the chance 
of locating the additional canal 
systems by 3x in general and 
by 4x in the first maxillary 
molar tooth (49). The inherent 
variability in the anatomy of 
teeth and in the practical diffi-
culties encountered in treating 
molar teeth in patients dictate 
that the clinician should em-
ploy all the available resources 
including enhanced illumina-
tion, magnification and CBCT 
to insure the most predictable 
outcome of treatment. 

Recently, the use of small field 
of view CBCT in endodontic 
practice has allowed the clini-
cian to directly visualize the ca-
nal system morphology before 
and during treatment thereby 
facilitating the location of ad-
ditional canal systems. (Figures 
6–8) (46). (The Food and Drug 
Administration approved the 
first CBCT machines for use 
in dentistry in the year 2000). 
This technological leap al-
lows visualization of the tooth 
canal morphology in genuine 
3D while exposing the patient 
to low levels of radiation. It is 
well recognized that diagnos-
tic acuity increases with the 
number of different radiologi-
cal views available and so 2 or 

C L I N I C A L    R E P O R T

more periapical films have been 
recommended (50). With CBCT, 
hundreds of different views are 
available with a single scan. 
Each of these images can then 
be further manipulated and 
enhanced using a number of 
software programs thereby 
maximizing the information 
available to the clinician (46).

As interest in CBCT in end-
odontics increases, a growing 
body of evidence underlines 
the accuracy of the technol-
ogy to identify the existence of 
periradicular lesions or re-
sorptive defects not normally 
identifiable on periapical films 
(51-55). This allows for earlier 
and more accurate diagnosis of 
disease entities. When assess-
ing a tooth for retreatment, 
CBCT axial views are especially 
valuable in locating potential 
etiological factors in the failure 
of the previous non successful 
root canal therapy (Figure 7). 
The presence of extra canals or 
overlooked canal system space 
is rapidly and clearly identified 
(Figure 8) and aberrant root 
morphology can be identified 
and treated accordingly. The 
detection rate of MB2 canals 
in maxillary molars in vivo has 
been consistently lower than 
that of laboratory-based re-
ports (56). The use of CBCTs 
in endodontic diagnosis can 
be justified while concurrently 
satisfying the goals of ALARA 
(as low as reasonably achiev-
able). This has been confirmed 
in recent reports, which in turn 

have been referenced in the 
American Association of En-
dodontists Colleague for Excel-
lence Summer 2011 newslet-
ter (58-60). It is stated in this 
newsletter the effective dose for 
an anterior focused field CBCT 
scan is less than that (0.7 
times) of a single digital peri-
apical radiograph. The effective 
dose for a maxillary posterior 
focused field CBCT scan is ap-
proximately 1.4 times higher 
than that of a digital periapi-
cal radiograph while that of a 
mandibular posterior focused 
field CBCT scan is 5.4 times 
that of a single digital periapi-
cal radiograph. In addition, 
CBCT studies frequently al-
low the clinician to eliminate 
multiple standard periapical 
radiographs, which are some-
times necessary for adequate 
preoperative evaluation of the 
tooth anatomy. 

The results of the current study 
support the findings of previ-
ous studies and confirm the 
importance of locating, instru-
menting, and obturating the 
additional canal systems in 
molar endodontic treatment. 
The study underlines the need 
for the operator to be cognizant 
of the anatomical anomalies 
existing in molar canal systems 
and the clinician should be 
technically competent to ad-
dress these issues.  
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