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[.INTRODUCTION fins. For these reasons, It is difficult to prepare the

canalg to a form conductive to complete chturation

The mest commen cause of endodentic failure is
incomplete cbturation of the root canal”. The root
canal system has many variationg in anatcmy, such
ag irregularly shaped canals, lateral and accessory
canals, anastomoses between canals and a variety of
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with filling materials.

Weine et al.’*" defined a Type [ canal configura
tion as two separate canalg that merged short of the
apex to form a single exit. Pineda® reported intercon
nections in 4.9% of the reoots examined, and
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Vertuce® reported the Type 1 configuration in 37%
of the mesiobuccal rocts of the maxillary first molar
and he found the highest percentage of an isth
mus(52%). He also reported that 75% of the anasteo
moses were located in the middle and 15% were in
the apical third of the root.

We encounter isthmus areas many times especially
in melar surgery.

Friedman et al.? reported the success rate of
endodentic treatment was only 44.1% of the preme
lars and molars treated. However, success rate in
anterior testh was reported to be ag high as 85 te
90%".

If a root resection becomes necessary in a Type 1
canal, it Iz possible that the unfilled canal will be
exposed to the periapical envirenment and will allow
for the retention of tissue fluids, debris and microor
ganisms, thus increasing the chances of endedentic
failure.

Algo, Shilder™ reported five mechanical objectives
for successful cleaning and shaping. To clean and
predictably seal the foramen, the size of the file uged
at the end of the cleaning and ghaping should be at
least a No. 20 or 25 in the ISO size.

Hewever, an ancther study hag shown that for root
canals to be effectively irrigated, they should be
enlarged to at least the size of a No. 40 file®.

Az above, many studies have been reported on the
right size of apical preparation in many types of root
canals.

But the proper size for apical preparation in Type
[ root canals with isthmuses has not been decided
yet and it iz still controversial.

Therefore, the purpese of this study was to evalu
ate the proper size of apical preparation and effec
tivensgs of chturating techniques for sealing isthmus

Table 1. Group Classification

es at different levels from the apex in Type 1 root
canals with isthmuses.

I. MATERIALS AND METHODS

Slxty six human extracted molars with a Type 1
configuration that has 2 orifices and canals that join
short of the apex to form one canal, were selected
through the radicgraph and stored in normal saline.
The age, sex and race of the patients were unknown.
The crown portions of all teeth were resected at the
cemento enamel junction with a dlamond saw. A gize
10 K file was introduced inte the root canals to
determine the working length and check the Type 1
configuration by taking a radicgraph. The working
length uged was 0.0mm short from the anatomical
aApex.

All canals were Instrumented by the combined
preparation technique(Hybrid technique) using 3 dif
ferent kinds of rotary Instruments. The crifice
shaper (ProFile, Tulsa Co. U.S.A.) was used to flare
the coronal third of the root canal at 340rpm and the
GQuantec #1(Tycom Ceo. U.S.A) was used for merging
the preparation at the mid portion of the root canal
at 340rpm. Finally, the size 40 LightSpeed™
(LightSpeed Co. U.S.A.) were used for apical 3mm
preparation at 750rpm. All instrumentations fellowed
the manufacturer s recommendations and all roct
canals were irrigated with 2.56% sodium hypechlerite
during instrumentation. After finishing the Instru
mentation, all root canals were soaked with EDTA
for 10 minutes and dried before obturation.

The prepared roots were randemly divided into
three groups of 20 teeth each, positive and negative
control groups of three teeth each(Table 1). All
experimental greups used gutta percha and AH

Groug No, of Teeth Chturating Instruments Cbturation Method
Positive Contral 3 -
Negative Control 3 -
Group A 20 Finger Spreader Cold Lateral
Group B 20 System B, Obtura 11 Confimious wave
Group C 20 MicroSeal™ Thermo-rmeachanical Compaction
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26 (root canal sealer, Dentsply Co. U.S.A). Group A
was obturated by the cold lateral condensation tech
nigue, Group B by the Continuoug wave technique
and Group C by the Therme mechanical compaction
technique using MicreSeal™ (Tycom Co. U.S.A). The
pesitive and negative control groups were left without
obturation.

In Group A, we used a gize 40 master cone, a size
25 finger spreader and fine fine accessory cones.

In Group B, we used the Continucus wave obtura
tion technique suggested by Buchanan® followed by
Obtura [ (Obtura Co. U.S.A) backfill. We pre fitted
a Buchanan s plugger, a Shilder s plugger and an
Obtura 1 tip all to 3mm shert from the working
length. The size 40 customized master cone was
made using the gutta percha gange and inserted inte
the root canal with sealer. Then the pre fitied
Euchanan s plugzer was activated by the System
BlAnalytic Tec. U.S.A) and inserted into the root
canal for ebturating the apical 3mm according te the
Continuous wave obturation technigue. Then the
Shilder s plugger was inserted steadily at the 3mm
level for vertical condensation. Wext, the Obtura [
wag used for backfill at 2007T.
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In Group C, a size 40 MicroSeal™ customized mas
ter cone was Inserted intoe the roct canal with sealer.
Then the size 25 MicroSeal™ spreader was inserted
lmm shert from the working length. After that the
coated MicroSeal™ condenser was carried immediate
ly inte the roct canal and then the rotation started at
6,000rpm uzing a 171 handpiece. Afier obturation,
we took a radiograph to verify the Type 1 canal con
figuration(Fig. 1).

All the samples except the negative controls were
coated with two layers of nail pelish, except the api
cal 2mm that were left exposed, but all root surfaces
of the negative contrels were coated with nail pelish.
After the nail polish dried, the apical Smm of the root
were immersed in 2% methylene blue for 7 days at
room temperature.

Afterward, the teeth were rinsed under tap water
to remove the Methylene Elue on the external root
surface. Bach root was embedded individually in vel
low stone mold for serial transverse sections.

These teeth were cross sectioned to b levels of Imm
increments from the anatomical apsx with the low
speed diamond saw (Buehler Ltd., Evanston,
U.S5.A). The serial sections of each root were

W-L radiograph

Final radiograph

Fig. 1. Verify the Type [ root canal configuration
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Score 1t Dye penetration at bottom side of Level 1
27 Dye penetration at bottom side of Level 2
31 Dye penetration at bottom side of Level 3
4: Dive penetration at bottom side of Level 4 A
b Dye penetration at bottom side of Level b

Fig. 2. Scoring System

arranged from the Imm level to the Smm level on
glass slides and three Investizators examined the
bottom side of the section with a surgical operation
microscepe(Global Ins. U.S.A) at 20X magnification
and photegraphs were taken for Image analysis.

In this study, we used a scoring system. When a
sample only showed dye leakage at lavel 1, but it
didn t show any leakage from level 2, the score of
this sample was 1. In this way, we gave a score from
1 to 5(Fig. 2).

A complete isthmus was one with a continuous,
narrow opening between the two main root canals. A
partial isthmus was classified as an incemplste com
munication with cne or meore patent openings,
through the section, between the two main canalg™.

In this study, we evaluated the dye leakage scores
according to the isthmus shapes with photographs
were taken for image analysis.

Also, we evaluated the dve leakage scores according
to the shape of apical preparation arcund filling
materials with round or fin shape. The statistical
comparisen of the mean leakage score at each level
wag done with the Kruskal Wallis nenparametric
analysls among three groups, and followed by the
Mann Whitney test to evaluate differences between
spacific groups at the p=0.05 lavel.
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II. RESULTS

The pesitive contrels(three teeth) allowed total dye
leakage through the root canal while the negative
controls (three teeth) showed no dye leakage.

Table 2 showed the mean leakage score of each
group. The MicroSeal ™ Group (Group B) showed
the lowest score among the three groups, and there
wag a significant difference among the three groups
by the Kruskal Wallis test, and there was a signifi
cant difference between only Cold lateral Group
(Group A) and the MicroSeal ™ Group (Group C) by
the Mann Whitney test(p(0.05)

(Table 2, Fig. 3).

Table 3 showed the number of samples with maxi
mum leakage at each level. The Ccld lateral Group
(Group A) showed dye leakage up to the 4mm level.
However, in the MicreSeal ™ Group(Group C), only
gix teeth out of 20 showed dye leakage at the 3mm
level and none in higher levelg(Table 3, Fig. 4).

Alse, Figure b showed the total number of samples
with maximum leakage at each level. Twenty four
teeth out of 60 showed maximum leakage at level 3.
While the number of samples was increased until
level 3, it decreased in higher levels(Fig. 5).

In image analysis, the samples with a complete
isthmus were better sealed than the samples with a



Table 2. The mean leakage score of each group
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Group Sam Mean. 3.0, S.E.
Cold Lateral 59 2.95 1.171 {1,266

* EContinuous Wave (% 48 2,45 {1,853 .197
MicraSeal™ 47 205 {1.759 .17

* Statistically significant(p0.05) hy Eruskal-Wallis test
@ Statistically significant (p{(.05) by Mann-Whitney test
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Cold laterzl  Continugus wave MicraSesl

Fig. 3. The mean leakage score of each group

Number of Sample
o

Lewvel 1 Lewvel 2 Level 3 Level 4 Level &

Fig. 4. The number of samples with maximurm
leakage at each level

Table 3. The nurnber of sarmples with maxinmum leakage at each level

Lavel
v 1 2 3 4 5 Sum
Group
Cald Lateral 3 3 8 4 2 20
Continuouns wave 5 10 1 0 20
MicroSeal™ b 9 6 { { 20
Sum 12 17 24 ) 2 &0
partial isthmus(Fig. 6). Seven out of 60(11.7%)
0 showed the complete isthmuses and the mean leak
g B 24 age score wag 1.87 while the partial isthmuses were
% 20 ; : fifty three out of 60(88.3%) showed the mean leak
g 5 age score was 2.54, and there was a significant dif
z 0 = ference In mean leakage score between complete Isth
§ 5 mus and partial isthmus by the Mann Whitney
z % . 2 test(p<0.05).
s E .
o ‘ : ‘ : Also, regardless of the presence of the Isthmus the
Level 1 Level 2 Level 3 Level 4 Level § i . i
perfect apical round preparation provided a good
geal. Twenty one out of 60, about 36%, showed the

Fig. 5. Total mumber of samples and leakage levels

apical round preparation and the mean leakage score
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Complete [sthrmus Partial Isthmnus
Fig. 6. Tmage analysis of each sample

Fig. 7. Image analysis  Apical round preparation

Fig. 8. Image analysis  Fin or deviation from the round preparation
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was 1.66(Fig. 7).

However, the leakage was significant when there
was a fin or any deviation from the round prepara
tion at the apex. Thirty nine teeth out of 60, about
65%, showed the fin or deviation after instrumenta
tion and the mean leakage score was 2.9(Fis. 8).
And, there was a significant difference in mean leak
age score between round apical preparaticon and fin
from the reund preparation by the Mann Whitney
test(pd0.05).

V. DISCUSSION

Several reports have been published about root
canal morphelegy. The types of root canals and con
figurations were reported by Weine et aHF o wr} ¥,
Vertuccl™ and Caliskan et al®. Weine et al.™*
defined a Type II configuration as a larger buccal
canal and a smaller lingual canal that merge from 1
to dmm from the apex. Vertucci® found that 37% of
the mesichbuccal rocts of the maxillary first molar to
be Type II canal configurations, whereas Caliskan et
al® found it to be about 41%.

However, there were few studies about Isthmuses.
Weller et al.™ found the incidence of isthmuses was
highest in the apical 2 to bmm levels in the mesibuc
cal root of the maxillary first melar. In the case of
mesichuceal rocts that had two canals, they found
the complete isthmuses to be about 12% and the
partial isthmuses about 88% at the dmm level.

In this study, we used the Type [ canal configura
tion that had 2 orifices and canals that joined short
of the apex to form one canal, becange it might have
an Isthmug at the joining portion.

In image analysis, we found that the incidence of
complete isthmus was 11.7%, partial isthmus was
88.3%(Fig. 6). Also, we found that the incidence of
isthmuses, either complete or partial, were highest in
the 3 to 4mm level and this result was similar te
Weller s study(Fig. 7, 8).

In our study, twenty four teeth out of 60 showed
the maximum dye leakage at level 3. While the num
bers of the teeth were inoreagsed until level 3, it were
decreased in higher levels(Table 3, Fig. 5). This is
important because, when a root s surgically resect
ed, the Isthmus may still exist at the resected rooct
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gurface. If that happens, then the untreated isthrug
could contribute to the failure of the case unless
identified and sealed with a retrograde filling. These
results indicate that the presence of an isthrus must
be assumed and the isthmus area should always be
prepared and sealed with a retrofilling at least 3mm
from the root apex”.

Several reports have been published examining the
gealing ability of various thermoplasticized gutta per
cha techniques. Most of them used single rocted
teeth and dyes such ag methylene blue or India ink
ag the tracer. In this study, we uged human melar
teeth that had the Type II canal configuration by
taking a radiegraph and methylene blue to estimate
linear dye leakage from the root apex. The mean
leakage scores of Group B(Continuous wave) and
C(MicroSeal™) were much lower than Group A(Cold
lateral condensation)(Table 2, Fig. 3). Hata et al.?
and Goldberg et al® reported that there was no sta
tistically significant differences between lateral con
dengation and thermoplasticized gutta percha tech
nigques when they used single rocted teeth in thelr
research. These results were different from our result
hecause we used the melar testh that had the isth
mug area. The isthmus area wag diffioult to prepare
and a chturate if located.

Naow, we are able to see the isthmus area on the
resected root surface better with surgical operating
microscope. On the other hand, Reader et al™®. uged
epoxied blocks with a single root canal and five later
al canals and they reported that the warm cbturation
techniques had significantly more gutta percha in the
lateral canal. This result was similar to our findings.
Therefore, we can use the thermoplasticized gutta
percha technigues in case of the Isthmus canals.

In addition to that, we found that perfect apical
round preparation provided a good seal(Fig. 7).
When there wag a fin or any deviation from the
round preparation at the apex, the dye leakage was
much higher than the perfect apical round prepara
tion{Fig. 8). Even though we used a size 40
LightSpeed® for an apical 3mm preparation, there
were still remaining fins or deviations around the
round preparaticn. These results indicated that the
master apical rotary with a size 40 file was not suffi
clent in the Type [ root canal with isthmuses, sug
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gesting that the master apical rotary must be larger
than size 40 to get the perfect apical round prepara
tion.

V. CONCLUSION

The MicroSeal™ technique obturated multirooted
teeth with isthmms meore effectively than the cold lat
eral cendensgation technique which was statistically
significant(p<0.05), but the effectiveness of the
MicroSeal™ technique was not statistically significant
when compared with the Continucus wave technique.

In many situations, master apical file with Ne. 40
file was not, sufficient in the Type [ root canals with
isthmuses, suggesting that the master apical file
must be larger than No. 40 in the IS0 size.

These results seem to indicate that the MicroSeal™
and Centinuons wave techniques after enlarging the
roct canals with at least Neo. 40 MAF cbturate more
effectively than the Ceold lateral condensation tech
nigue in case for the multircoted teeth with isthmus
es.
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