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Diagnostic accuracy of endoscopy for the detection of
isthmuses of mandibular molar teeth using micro-CT as

reference

Purpose

The aim of this study was to evaluate the efficacy of endoscopic visualisation
to detect the presence and type of isthmuses within the mesial root canals of
mandibular first molar teeth compared with micro-computed tomography (micro-
CT) images as reference.

Materials and Methods

Thirty-two mesial roots of mandibular first molars presenting isthmuses were
selected based on micro-CT scans. In all, 12 type | and 20 band-shaped isthmuses
were collected. The specimens were mounted in the posterior socket of dental
phantom manikin for endoscopic visualisation. The ability of endoscopes to visualize
the presence of isthmuses and distinguish the type of isthmuses was compared.
Micro-CT images of the specimens were used as references. Data were analyzed
using Fisher’s exact tests.

Results

Sensitivity of endoscope to detect isthmuses were also calculated for each
isthmus type. In 37.5% of the samples, isthmus presence was correctly diagnosed
via orthograde endoscopic visualization. Type | istmuses were significantly more
detected than band-shaped isthmuses (P<0.05). Endoscope showed higher
sensitivity to detect type | isthmus than band-shaped isthmus.

Conclusion
The endodontic endoscope could detect type | isthmuses more accurately than
band- shaped isthmuses.

Keywords: Isthmus, Micro-computed tomography, Endoscopic visualization, Root
canal anatomy

Introduction

The success of root canal treatment relies on a complete disinfection,
shaping and three-dimensional filling of root canal system. Failure to
understand root canal configurations along with their irregularities may
result in treatment failure. Therefore, root canal anatomy have been ex-
tensively investigated and mesial roots of mandibular molars have been
associated with frequent anatomical variations such as isthmuses, fins,
branchings, dividing, and re-joining of root canals at different levels (1).
Most commonly detected root canal configuration is Vertucci type IV,
which describes two independent canals, followed by Vertucci type I
(merging of two canals in a single terminus) and Vertucci type VI (merg-
ing and re-dividing of two canals) (2, 3). However, mesial roots could also
show very complex unclassified canal configurations (1).
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When two canals are present in a single root, isthmus could
be detected. An isthmus is a narrow, ribbon-shaped struc-
ture with a long oval cross section that forms as the result
of merging of the two root canals widening in the buccolin-
gual direction. Isthmus could occur in any root, which can
increase its incidence up to 83% in mesial roots of mandib-
ular molar teeth (4-6). Isthmus is most commonly detected
in 3-5 mm from the apical foramen (5). Isthmuses have been
classified by Fan et al. according to their shapes as sheet,
separate, mix and cannular connections (6). Type | isthmus is
described as a continuous narrow sheet-like connection be-
tween canals (6). Isthmuses could also present high variabil-
ity as canal configurations do. Band-shaped isthmus is re-
cently described as a band-shaped oval connection formed
between 2 merging and then dividing root canals having
its own isthmus roof and floor (3). The complexity of high
variability of isthmuses present challenge for proper disin-
fection, cleaning and obturation of the root canal system (7).

Micro-CT emerged as the most accurate technique to re-
veal the internal anatomy of different root canal system due
to the production of high-resolution images (8, 9). Micro-CT
is considered a gold standard reference method for in vi-
tro evaluation of the efficacy of root canal anatomy visual-
ization techniques in (8). The in vivo use of micro-CT is not
suitable because of high radiation dose. On the other hand,
cone-beam computed tomography (CBCT) provides limited
information when it comes to the reflect actual anatomy of
canal system (8). A previous study used micro-CT scanning
as a reference by which to test the accuracy of CBCT and

reported that CBCT was not sufficient to reveal the actual
root canal configurations and fine structures of root canal
anatomy compared to micro-CT (8).

Magpnification devices such as dental operating microscope
(DOM) are valuable diagnostic and operative tools for the
detection of root canal orifices and accessory canals, vertical
cracks, visualization of broken instruments, or residual root
canal filling materials within root canals (10, 11). The efficacy
of DOM to visualize the components of root canal configura-
tion depends mainly on the operator experience (12). The use
of DOM requires a preparation and training prior to effective
use particularly in mandibular molars, because adjustment of
microscope light to reach lateral root canal walls is limited by
the surrounding tissues, walls of the access cavity and inclina-
tion of root canals, which is commonly detected in mesial root
canals of mandibular molars with isthmuses (13).

Endoscopic visualization is a safe magnification and examina-
tion technique that does not involve X-ray radiation. Endoscopes
have been developed for in vivo use to visualize root canal con-
figurations and detect variations (13, 14). A recent study showed
the ability of root canal endoscope to detect branching points
of anatomosis from main root canals (15). However, to authors’
knowledge, there is few data in literature about orthograde
detection of isthmuses by endoscope during nonsurgical root
canal treatment. This study evaluates the effectiveness of or-
thograde endoscopic visualization to detect the presence and
type of the isthmuses by using micro-computed tomography
(micro-CT) images as reference. The null hypotheses were those:

1.The root canal endoscope would detect the presence of
isthmuses with > 90% sensitivity.

2. The root canal endoscope would identify isthmus type
equally in Type | and band-shaped isthmuses.

Materials and Methods
Sample size calculation

Total sample size for the study was calculated following
the effect size calculation of the results of a previous in vitro
study (13). Following the X2 family and goodness of fit con-
tingency tables with an alpha-type error by 0.05 and power
beta of 0.80 (G*Power 3.1 for Macintosh; Heinrich Heine, Uni-
versitat Dusseldorf, Dusseldorf, Germany) a total of 30 sam-
ples was indicated as the minimum ideal size.

Micro-CT scanning and specimen selection

The mesial roots of 269 mandibular molar teeth extracted
for reasons unrelated to this study were scanned using a mi-
cro-CT system (SkyScan 1172; Bruker-microCT, Kontich, Bel-
gium) with parameters of 100 kV and 100 pA. Slices present-
ing 2000 x 1330 pixel resolution with 10 um pixel size were
obtained from each root using an 11 MP camera. Data were
reconstructed using NRecon software (v.1.6.4, Bruker-mi-
croCT) with a beam-hardening correction of 45%, smooth-
ing of two, and an attenuation coefficient range of 0-0.06.
CTAn and DataViewer (v.1.5, Bruker-microCT) software were
used to reveal the root canal configuration of each root.
Patient gender and age were unknown. In all, 32 micro-CT
datasets of 32 specimens having isthmus were selected and
further analyzed. Twelve specimens showed a type | isth-
muses, while 20 specimens had band-shaped isthmuses.

Endoscopic visualization

Prior to endoscopic visualization, the root canals were che-
momechanically prepared. Working length (WL) was estab-
lished by inserting a size 8 K-file (Dentsply Sirona, Ballaigues,
Switzerland) through the apical foramen until its tip was
visible from apical foramen and recorded as 1.0 mm shorter
than the measured length. Apical patency was confirmed by
inserting a size 10 K-file 0.5 mm through the apical foramen.
The root canals were prepared using Reciproc Blue R25 in-
struments (VDW GmbH, Munich, Germany). The instrument
was introduced into the canal until resistance was felt and
operated in “Reciproc All” mode using VDW silver endo-
motor (VDW, Munich, Germany). The instrument was used
gently in apical direction using pecking motions with ampli-
tude of 3 mm. Following 3 pecking motions the instrument
was removed from the canal and cleaned. Each time the in-
strument was removed, the root canals were irrigated with
2.5 mL of 5.25% NaOCl using a 30-G closed-end tip needle
adapted to a plastic syringe placed T mm short of the work-
ing length. After preparation, the root canals received a final
irrigation of 2.5 mL of 17% EDTA and sterile saline solution
and were dried with paper points. A single experienced en-
dodontist performed all root canal preparation procedures.

Following preparation, the specimens were placed in the
posterior socket of dental phantom manikin (Frasaco GmbH,
Tettnang, Germany) to simulate clinical conditions as closely
as possible (16). The endoscopic device included a 15-inch
liquid crystal display thin film transistor monitor with LED
backlight with 1024 x 768 resolution (Karl Storz GmbH & Co.
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KG, Tuttlingen, Germany), camera head (Karl

Storz, Germany) and a root canal telescope with 0.5 mm
outer diameter and 0 degree viewing angle (Karl Storz, Ger-
many). Two independent evaluators performed analysis of en-
doscopic visualization. They had the information of presence
of isthmus. But, firstly, the details of isthmuses such as type
and position were not given the evaluators. The root canal en-
doscope was inserted into the mesiobuccal and mesiolingual
canals, and internal anatomies of root canals were visualized.
The presence or absence of isthmus was recorded as‘detected
/ undetected Also, in the case of detecting isthmus, the type
of isthmus that could be detected recorded as ‘Type | / Band-
shaped. After the scoring procedures, the evaluators were
given the reconstructed micro-CT images to examine the
three-dimensional appearance of specimens. The accuracy of
endoscopy to confirm the type of the Type | or band- shaped
isthmuses was evaluated as “correct” and “incorrect”. Only the
‘correct’ marks were used in statistical analysis.

Statistical analysis

Data obtained from endoscopic examination were statisti-
cally analyzed by Fisher’s exact tests regarding the ability to
detect the presence of isthmus and distinguish the isthmus
type. Inter-examiner reliabilities for each assessment were
verified by Kappa test. Statistical analyses were performed
by SPSS software (SPSS, Inc., Chicago, IL, USA), with a level of
significance set at 5%.

Sensitivity and positive predictive values were also cal-
culated using a calculator software (MedCalc, Mariakerke,
Belgium). Sensitivity was defined as the proportion of the
isthmuses correctly diagnosed by endoscope (true positive),
while positive predictive value was the ratio of true positive
to combined true and false positive. No negative specimen
was evident within the study plan; therefore, specificity or
negative predictive value were not calculated.

Results

Both examiners reached the same results (Kappa value
of 1.0). Endoscopic visualization could detect only 12 of 32
samples (37.5%). In 62.5% sample, the presence of isthmus
could not be detected by orthograde endoscopic visualiza-
tion. Table 1 presents the number of isthmus types distin-
guished by the endoscopic examinations. According the
results of this study, Type | istmuses were significantly more
detected than band-shaped isthmuses (P < 0.05).

Sensitivity of endoscope to diagnose Type | isthmuses
were higher than that of band-shaped isthmuses. Positive
predictive values were 100% for both type of isthmuses.

Table 1. Number (percentage) of the correctly diagnosed isthmus

types and sensitivity values (95% confidence intervals) for endoscope

Isthmus type/
Estimation

Correct endoscopic

A Sensitivity
examination

7 (58.3%)a
5(25.0%)b

58.3% (27.6-84.8%)
20.0% (6.8-40.7%)

Type |
Band-shaped

Different superscript letters in the same column mean significant
differences between isthmus types (P < 0.05).

Figure 1 shows representative images of the isthmuses ac-
quired from endoscopic visualization.

Figure 1. Band-shaped isthmuses could be detected by endoscopic
visualization in ‘A" and ‘B! The third column depicts the isthmus floor
structures. Band-shaped isthmus type could not be distinguished in ‘C!
Despite the visualization of accumulated debris throughout the root
canal it was not considered as isthmus. Type | isthmus was detected in
‘D! Apical branching of root canal in this sample could be detected via
endoscopy in the third column.

Discussion

Endoscopic visualization is a safe and practical technique
that does not involve radiation and has a potential for the de-
velopment of novel techniques for the direct visualization of
internal root canal anatomy without harming the patient. Be-
cause of bundled fibers, the endoscopic system can produce
low-contrast images, which have poor resolution in diagnosis.
Recently, many researchs have been aimed to improve the
obtained images by enhancing hardware and software (17) or
test the endoscope to detect the limitations in root canal (14).

The endoscope allows chairside use for clinicians to ob-
serve root canal anatomy at various angles without losing
field depth and focus and provides magnified images of op-
eration field to be recorded and archieved (14). In the pres-
ent study, endoscopic evaluation of different isthmus types
provided lower sensitivity values than hypostetized, which
led to the rejection of first hypothesis. Endoscope could also
detect type | isthmuses more accurately than band-shaped
isthmuses leading to the rejection of second hypothesis.
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Orthograde use of endoscopes in nonsurgical endodontics
is relatively novel. There have been a few studies regarding
its possible indications; however, advantages and limitations
of this technique have not yet been studied (13-15, 18, 19).
In this study, special care was given to simulate clinical con-
ditions as best as possible by using dental fantom manikin
for endoscopic visualisation. The root canal telescope of the
endoscopic unit has 0.5 mm diameter and limited flexibility,
so it was not possible to use endoscopic units in unprepared
and uncleaned root canals, which might be a limitation of this
technique. Following chemomechanical root canal prepara-
tion, endoscopic visualization revealed detailed images re-
garding the presence and the type of the isthmus (Fig. 1).

Endoscopic telescopes have a stainless steel tip that shows
a semirigid structure for the protection of fiber cables within
it. The visual angle provided by this semirigid tip is not clear.
It was previously mentioned that the apical part of 46.6%
of samples could be seen by endoscopic visualisation (13).
In this study, apical parts of all samples could be seen. But,
only 37.5 % isthmuses could be detected. According to the
results of this study, endoscopic visualization was able to de-
tect significantly greater Type | isthmus than band-shaped
isthmus. When inside a mesial root canal

with Vertucci type Il canal configuration, the endoscopic
telescope is guided to the merging area of two mesial ca-
nals by the root canal walls, and the tip of the telescope is
positioned in front of the isthmus area rather than laterally.
This tip direction faced directly to the isthmus area could
make the Type | isthmus more easily visualized by endos-
copy. Band-shaped isthmuses showed wide major diam-
eter values at the floor of the isthmus (3). This wide major
diameter might reflect that two mesial root canals do not
predispose towards each other as the Type | isthmuses do.
Thus, band-shaped isthmuses are positioned laterally to the
endoscopic tip inserted to the relatively straight root canals
in corono-apical direction. The lower detection rate of band-
shaped isthmuses compared to Type | isthmuses migth be
attributable to that reason. Moreover, in some specimens
that were defined as having isthmus clearly via endoscopy,
the isthmus floor or the presence of two independent api-
cal root canals could not be detected. In this study, it was
clear that endoscopic visualisation technology also lacks
performing parametrical measurements of isthmus length
or major diameter.

Micro-CT technology produces high-resolution images
and allows qualitative and quantitative analyses of internal
root canal anatomy without harming the specimens irrevers-
ibly (6). Due toits accuracy and protectivity of the specimens,
micro-CT images can be used to evaluate the efficacy of oth-
er visualization and imaging techniques as reference data (8,
20, 21). The use of 3D images obtained via micro-CT for the
testing of endoscopes is important for the reliability of the
results. A similar methodology was applied in this study to
test the efficacy of endoscopic visualization and CBCT scan-
ning images for the detection of isthmus presence and type.
Ordinola-Zapata et al. reported that CBCT accurately diag-
nosed a Vertucci type Il canal configuration, while it failed
to diagnose configurations other than type | and Il (8). Endo-
scopic evaluation may help clinicians to consider other canal
configuration variations during examination of an isthmus
floor indicating division of canals near apical third.

Isthmus requires special consideration in all procedures of
root canal treatment, however accurate identification of an
isthmus and its type, is very challenging clinically (20, 21).
Particulary when an isthmus is located in apical third, it is
nearly impossible to diagnose by visual inspection under
DOM or dental loupe without CBCT, which is not a part of
routine treatment due to radiation dose (22). On the other
hand, even CBCT could fail to present isthmus type accurate-
ly especially in

apical third despite high resolution, leading to underdiag-
nosis of a complex apical anatomy (20, 21). Endoscopy pro-
vides a X-ray free imaging technique, however this technique
should be developed to increase its efficacy to visualize root
canal anatomy. Isthmus incidence has also been reported to
be influenced by patient age; isthmuses are more prevalant
in younger patients (23, 24). All specimens included to the
present study had either type | or band-shaped isthmus
despite the lack of

information regarding patient age, which may present a
limitation.

Conclusion

Overall, the findings of the present study showed that de-
tectability of isthmuses by endoscopy has 37.5% rate. Type
I isthmuses were more detectable via endoscopic visualiza-
tion than band-shaped isthmuses due to their less intricate
anatomy. Further studies are warranted for the development
of the root canal telescope and endoscopic unit to achieve
more detailed and direct visualization of internal root canal
anatomy without harming the patient.

Tiirkge Ozet: Referans Olarak Mikro-BT Kullanilarak Alt Cene Molar Disle-
rdeki Isthmuslarin Tespiti icin Endoskopinin Tanisal Dogrulugu. Amag: Bu
calismanin amaci, mikro bilgisayarli tomografi (mikro-BT) gériintiileri-
ni karsilastirma amach kullanarak, endoskoplarin mandibular birinci
molar dislerin meziyal kék kanallarindaki isthmuslarin varligini ve tipini
saptamadaki etkinligini degerlendirmektir. Gere¢ ve Yéntem: Mikro-BT
taramalarina gére ishtmus iceren 32 mandibular birinci azi disi top-
landi. Toplamda, 12 tip | ve 20 bant sekilli isthmus elde edildi. Ornekler,
endoskopik gériintiileme icin dental fantom mankenin alt cene posteior
soketine yerlestirildi. Endoskoplarin isthmus varligini gériintiileme ve
isthmus tipini ayirt edebilme becerileri karsilastirildi. Orneklerin mikro-
BT gériintiileri karsilastirma igin referans olarak kullanildi. Veriler Fisher
testi ile analiz edildi. Bulgular: Her isthmus tipi icin endoskopun isth-
muslari saptama duyarliligi da hesaplandi. Orneklerin% 37.5'inde isth-
mus varhdgi ortograd endoskopik gériintiileme ile dogru sekilde teshis
edildi. Tip I istmuslar bant seklindeki isthmuslara gére anlamli olarak
daha fazla saptandi (P < 0.05). Endoskop tip I isthmuslari saptamada
bant seklindeki isthmustan daha ytiksek duyarlilik géstermistir. Sonug:
Endodontik endoskop, tip | isthmuslari bant seklindeki isthmuslardan
daha kesin olarak saptayabilir. Anahtar kelimeler: istmus, mikro-bilgisa-
yarli tomografi, endoskopik gériintiileme, kok kanal anatomisi
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