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Abstract
The aim of this study was to investigate whether the use of operating microscope in combination with ultrasonics increased the rate of second mesiobuccal
(MB2) canal detection in permanent maxillary first molar teeth. A hundred
extracted human maxillary first molars were assessed. After location of the
main canals, the MB2 canal was sought in all teeth first without microscopy,
then with the aid of the operating microscope and finally with the combined
use of the operating microscope and ultrasonics. With these techniques, the
MB2 canal was detected in 62%, 67% and 74% of the teeth, respectively. The
combination of the operating microscope and ultrasonics detected significantly
more MB2 canals than when no microscopy was utilized (P < 0.05). Sectioning
of the roots disclosed the presence of the MB2 canal in 82% of the teeth.
Twenty-nine per cent of the teeth had a separate MB2 canal orifice and
separate apical foramina. The results of this study suggested that the combined
use of the operating microscope and ultrasonics increased the detection of MB2
canals in maxillary first permanent molars.

Introduction
The maxillary first molar has one of the most complex
root and canal anatomy (1). An inability to detect and
treat a second mesiobuccal (MB2) canal is a reason for
endodontic failure in maxillary first molars. Endodontically retreated teeth were found to contain more
undetected MB2 canals than first-time treated teeth, suggesting that failure to treat existing MB2 canals leads to a
poorer prognosis (2). In vitro studies have shown that a
MB2 canal is present in more than 70% of maxillary first
permanent molars (3–8). Clinically, the MB2 canal could
be detected in less than 40% of maxillary first molars
(9–14). The use of the operating microscope facilitates
detection and negotiation of more MB2 canal in both
in vitro and clinical studies (2,8,15–18).
Ultrasonics is particularly advantageous in MB2 canal
location due to the cavitation effect (19). Ultrasonics is
used by few endodontists for the purpose of MB2 canal
search, and use of bur and explorer is preferred by the
majority (17). The use of ultrasonic tips may be more
conservative.
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The aim of this study was to investigate whether the
use of an operating microscope in combination with
ultrasonics increased detection of MB2 canals in extracted
permanent maxillary first molar teeth.

Materials and methods
One hundred randomly selected human maxillary permanent first molar teeth were used in this study. Before
use, the teeth were stored in 1% thymol solution for
2 weeks. The teeth were mounted in cast stone and
rhomboidal-shaped access cavities were prepared in all
teeth by one operator. Clear visualization of the pulpal
chamber floor as well as the main root canal orifices was
attained. Slow-speed Mueller burs (Brasseler, Savannah,
GA, USA) were then used with a brushing motion
between the mesiobuccal and the palatal canal orifice to
remove the dentinal shelves that overlie the anticipated
MB2 canal orifice. This procedure was conducted using
alternate irrigation with 2.6% NaOCl and 3% H2O2. All
teeth were inspected without magnification for the
presence of MB2 canals, using an explorer. Teeth in
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positive performance) and specificity (false positive performance). The area under each curve was calculated
and compared pair-wise with the others. The statistical
significance was established at 0.05. Statistical analysis
was performed using the MedCalc Statistical Software
(version 7.6.0.0).

Results

Figure 1 Second mesiobuccal canal oriﬁce search with the ultrasonic tip.

which the MB2 canal orifice could not be located without
magnification were examined with an operating microscope (Möller-Wedel, Denta 300, Rosengarten, Wedel,
Germany) at ¥16 magnification. If the MB2 canal orifice
could still not be found, an ultrasonic instrument was
used along with the operating microscope. Ultrasonic
diamond tip (ET40D tip, Satelec, Merignac, France, with
Suprasson handpiece) (Fig. 1) was applied at medium
speed and with light force along the mesiobuccal subpulpal groove extending palatally from the main mesiobuccal canal orifice, with continuous water irrigation.
If an MB2 orifice was located, attempts were made to
negotiate the canal with size 6, 8 or 10 K-files. The teeth
were removed from the cast stone and two digital radiographs were taken from the buccal and lateral aspects to
demonstrate the pathway of the MB2 canal with files
inserted into the main mesiobuccal canal and the MB2
canal. To eliminate overlapping structures, the distobuccal root was resected before the radiographs were
taken. The mesiobuccal root canal system was classified
according to a previous study (20).
The mesiobuccal roots in which the MB2 canal could
not be located even after the employment of the ultrasonic technique were sectioned horizontally at 4 and
8 mm distance from the apex and observed under operating microscope at ¥16 magnification for the presence of
the MB2 canal.
Statistical comparisons between the tested techniques
were done by analysing the receiver operating characteristic (ROC) curves. ROC curves can be used to compare
the diagnostic performance of laboratory or diagnostic
tests. In this case, a curve for each MB2 canal detection
technique was drawn according to its sensitivity (true
2

Without microscopy, the MB2 canal was located in 62
teeth (62%). With the use of the operating microscope,
the MB2 canal was located in five additional teeth (67%).
With the combined use of the ultrasonic tip and the
operating microscope, the MB2 canal was located in
seven more teeth (74%). Sectioning of the mesiobuccal
root disclosed the presence of a MB2 canal in eight more
teeth, while 18 teeth had a single canal in the mesiobuccal root. The ROC curves pertaining to the MB2 detection
success of each technique is shown in Figure 2. Among
the comparisons between no microscopy, microscopy and
ultrasonics–microscopy combination, a statistically significant difference was found only between no microscopy group and ultrasonics–microscopy combination
(P < 0.05). The number and type of canals in the
mesiobuccal root are summarized in Table 1.

Discussion
The main finding in this study was that the use of the
operating microscope in combination with ultrasonics
increased the rate of MB2 canal detection in extracted
permanent maxillary first molar teeth. The reason that
there was no significant difference between no microscopy and microscopy applications regarding the detection
rate of the MB2 canal may be that the teeth were examined under the most convenient conditions at the first
stage (no microscopy): the operator was an experienced
endodontist and extracted teeth were used for the study.
These factors facilitated the detection of a large portion of
the MB2 canals initially. Only few more could be detected
using microscopy (no significant difference). This is
similar to the findings of the Gorduysus study (8) where
only one additional MB2 canal orifice was located with
the use of the operating microscope (43/45 teeth) following the examination without microscopy (42/45 teeth).
The findings of a recent study that was designed similarly
to the study presented here, are in contrast, as a significant difference was found between no microscopy and
microscopy applications for the detection of the MB2
canal (18). However, this study employed undergraduate
students solely. Only a small percentage of the MB2
canals were detected initially. Differences between the
findings of these studies can be explained by the qualifi-
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Figure 2 Receiver operating characteristic curves pertaining to the second mesiobuccal detection success of the tested techniques.

Table 1 Overview of the number and type of canals in the mesiobuccal
root of 100 maxillary ﬁrst molars
Two canals (n = 82)
Single canal

type II

type III

n-n MB2†

MB2 in sections

18

30

29

15

8

Type II: two distinct canals which merge and exit together through one
apical foramen, type III: two distinct canals with two distinct apical
foramina. †Non-negotiable or rudimentary MB2.

cation of the operators. In clinical conditions the operating microscope appears to significantly increase the
detection rate of a MB2 canal in maxillary molars (16,17).
Furthermore, when microscopy and ultrasonics were
used as a part of clinical endodontic practice, a rate as
high as 93% was reported for MB2 canal location (16),
suggesting that the combined use of these instruments
could be very effective. The findings of the presented
study on the effectiveness of the ultrasonics–microscopy
combination are in agreement with those of another
study where significantly increased rate of success for the
detection of the MB2 canal was reported using this combination in maxillary molars (18).
Overall, 82% of the teeth examined had two canals in
the mesiobuccal root, a finding close to that of others
(3,5,6,21).
Twenty-nine per cent of the teeth were found to have
a type III mesiobuccal canal. This is similar to the previously reported occurrence (4,15,16). Failure to locate and
treat these canals, considering their direct communication with the periradicular tissues, may lead to failure.

Conclusions
The results of this study suggested that the combined
use of the operating microscope and ultrasonics
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increased the detection of MB2 canals in permanent
maxillary first molars. Their clinical use may improve
treatment prognosis.

Editor’s note
An increase in the detection of MB2 canals would most
likely occur should ultrasonics alone be used to aid
detection.
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