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In vitro evaluation of root canals
obturated with four different

techniques.

Part 3: Obturation of lateral canals
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INTRODUCTION

According to Schilder,»® the main objective of endodontic
treatment procedures should be the cleaning and filing of
the root canal in its entire extent, including all lateral canals
and apical ramifications.

It is very difficult to instrument and to irrigate lateral canals
during endodontic therapy. Tissue left in these canals may
allow for bacterial growth.*>8 Barthel et al. showed no cor-
relation between unfilled lateral canals and inflammation of
the periodontal ligament.” However, other studies demon-
strated potential pathogenicity after healing of peri-radicular
lesions in relation to filing of lateral canals after root canal
treatment.t? It has also been speculated that lateral canals
harboring inflamed and/or infected material might cause
pain during endodontic treatment.’©

The ability of an endodontic obturation technique to ensure
obturation and sealing of thin and irregular ramifications
is an important clinical parameter.” Among different tech-
niques proposed over the years, the Schilder's technique
has been shown to effectively fill lateral canals.® Accord-
ing to Wu et al., the warm vertical obturation technique is
capable of obturating canal irregularities and accessory ca-
nals.”® Brothman demonstrated that vertical compaction of
warm gutta-percha approximately doubled the number of
filled lateral canals compared with lateral compaction with
gutta-percha.

Research has demonstrated that when the single cone tech-
nique is used with epoxy-resin cements, accessory and lat-
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eral canals can be filled predictably, provided that the canals
have been debrided both mechanically and chemically.”™

Carrier-based obturation techniques have the ability to seal
lateral and accessory canals,'® but carry the risk of extrusion
of material beyond the apical extent of the preparation.’”

The objective of this in vitro study was to evaluate four differ-
ent root canal obturation techniques in respect of the poten-
tial of these techniques to obturate lateral canals.

MATERIALS AND METHODS

Ninety-six non-carious, recently extracted human teeth were
collected from various dental clinics. The teeth were pre-
pared according to the techniques outlined in Part 1 of this
series'® and were divided into four groups.

The four different groups (n= 40 canals) were obturated us-

ing four different techniques:

* Group A: Single Cone Technique with Gutta-percha
and Hybrid Root SEAL cement (Hybrid Root
SEAL technique)

¢ Group B: Single Cone Technique with Gutta-percha
and EndoREZ Cement (EndoREZ technique)

®* Group C: Continuous Wave of Obturation with Gutta-
percha and Pulp Canal Sealer (System B/
Obtura technique)

®  Group D: Thermafil Obturators with Pulp Canal Sealer
(Thermafil technique)

The specimens of each obturation group were randomly
subdivided into two equal groups (n=20 canals). One group
was used to determine apical leakage of the root canal obtu-
ration materials (Part 2 of this series) and the second group
used to assess the ability of the root canal obturation tech-
nigues to obturate lateral canals. Each group represented
canals from the following teeth (n=20 canals):

* one maxillary first molar (four canals);

* three maxillary premolars (two canals each);

* one maxillary canine (one canal);

* one maxillary central incisor (one canal);

* one mandibular molar (three canals);

* three mandibular premolars (one canal each);

* one mandibular canine (one canal);

* one mandibular central incisor (one canal).
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Table 1: Mean, Standard Deviation and Coefficient of Variance of
lateral canals filled with Hybrid Root SEAL, EndoREZ, System B/

Obtura techniques and Thermafil.

Hybrid )
Root SEAL EndoREZ System B Thermafil
Mean 13383 07273 08571  1.3750
Standard 05164 07862 14639  1.0607
deviation
Coefficientof \ 35750 10811 17078 77.189

Variance

Table 2: Significance of difference between the mean value of

lateral canals filled with Hybrid Root SEAL, EndoREZ, System B/
Obtura and Thermafil technigues.

EndoREZ System B Thermafil

Hybrid Root SEAL p>0,05 p>0,05 p>0,05
EndoREZ p>0,05 p>0,05
System B p>0,05

In order to assess the number of lateral canals that were ob-
turated by the different techniques, all the obturated root ca-
nals were required to be subjected to a clearing technique.

Root canal -treated teeth were handled according to the
technique described by Venturi et al™®

Teeth were immersed in the following demineralising solution:

* Seven percent formic acid, three percent hydrochloric acid
and eight percent sodium citrate in agueous solution.

* The specimens were kept under continuous agitation in
a Vibromatic (Secta, Spain) and the solution changed
every three days.

* After 14 days the specimens were removed from the
acid and rinsed in running tap water for two hours.

* The specimens were then immersed in 99 percent ace-
tic acid overnight, rinsed in distilled water, dehydrated
in ascending concentrations of ethanol of 30, 50, 70,
90 and 96 percent (30 min passage each), and finally
cleared and stored in methyl salicylate.'®?’

Morphological analysis was performed using a stereomicro-
scope (Leica Microsystems, Heerbrugg, Switzerland) fitted
with a graded lens to reveal details of any obturated lateral
canals. Observations were performed by two independent
observers who counted the number of visible lateral canals
within the coronal, middle and apical thirds of the roots. The
following scores according to Venturi et al.,'® were used to
evaluate the filling of lateral canals:

a. No filling (Grade 0): filled with cement only <10 percent
of their total length.

b. Partial filling with cement without gutta-percha
(Grade 1): filled with cement but not up to their full length,
or not three-dimensionally, leaving empty spaces.

c. Complete filling with cement with or without evi-
dence of gutta-percha (Grade 2): filled three-dimen-
sionally and up to their full length by cement, without
presence of gutta-percha, or with gutta-percha up to 50
percent of their total length.

d. Complete filling with cement and partial filling with
gutta-percha (Grade 3): filled three-dimensionally up
to their full length by cement where gutta-percha pen-
etrated between 50 and 90 percent of their total length.

e. Complete filling with cement and gutta-percha
(Grade 4): totally filled with cement and gutta-percha.
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All the data were collected, tabulated and statistically ana-
lysed using the Mann-Whitney U test.

RESULTS

The presence of filled lateral canals in the coronal, midroot
and apical aspects of the four groups tested are presented
in Figure 1.

The means, standard deviations and coefficients of variance
for the presence of filled lateral canals in the four groups
tested are presented in Table 1 and the significance of dif-
ferences is presented in Table 2.
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Figure 1: Number of lateral canals obturated with Hybrid Root SEAL, EndoREZ,
System B/Obtura and Thermafil techniques.
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Figure 2: Number of lateral canals obturated with Hybrid Root SEAL in the coronal,
midroot and apical aspects of the root canals

Figure 3: A stereomicroscopic im-
age (2.5X magnification) of a palatal
root of an upper premolar that was
obturated with gutta-percha and
Hybrid Root SEAL cement. Note the
presence of an apical lateral canal
(Grade 1) (white arrow).

Figure 4: A stereomicroscopic im-
age (5X magnification) of a buccal
root of an upper premolar where
the Hybrid Root SEAL cement
obturated the entire length of the
apical lateral canal (Grade 2) (red
arrow).

Group A: Hybrid Root SEAL Technique (Figure 2)

Five lateral canals were observed in the apical aspects of
the obturated root canals in this group. Three of these lat-
eral canals were partially filled with cement without the pres-
ence of gutta-percha (Grade 1). Figure 3 (2,5X magnification)
demonstrates a stereomicroscopic image of a palatal root
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of an upper premolar that was obturated with gutta-percha
and Hybrid Root SEAL technique. Note the presence of a
lateral canal (white arrow) in the apical part of the root canal.
Approximately 50 percent of the total length of the lateral
canal is filled with Hybrid Root SEAL technique (Grade 1).

The other two lateral canals that were observed in the apical as-
pects of the obturated root canals in this group were completely
filed three-dimensionally with
cement without the presence
of gutta-percha (Grade 2).
Figure 4 (6X magnification) il-
lustrates a stereomicroscopic
image of a buccal root of an
upper premolar where the
Hybrid Root SEAL technique
obturated the entire length of
the lateral canal (Grade 2) (red
arrow).

Only one lateral canal (Grade

canals were filled with ce-
ment, less than 10 percent
of their total length (Grade 0)
and two of the lateral canals
were partially filled with ce-
ment without the presence
of gutta-percha (Grade 1).
One of the lateral canals was
completely three-dimension-
ally filled with cement without
the presence of gutta-percha
(Grade 2).

Figure 8 (56X magnification)
depicts stereomicroscopic
images of an upper canine
that was obturated with
gutta-percha and EndoREZ
cement. Note the presence
of a large lateral canal in the
midroot area, completely

Figure 8: A stereomicroscopic image
(65X magnification) of an upper canine. Itis
clearly visible that there was a large lateral
canal (Grade 2) (red arrow), folowed by
a narower lateral canal (Grade 0) (yellow
arrow) in the midroot area. Also visible on
this magnified view is the apical lateral ca-
nal (Grade 0) (white amrow).

Figure 5: A stereomicroscopic im-
age (6X magnification) of the root of
an upper premolar where the root ca-
nals were obturated with Hybrid Root
SEAL cement. A lateral canal (Grade
1) (white arrow) was observed in the
midroot aspect.

1) (white arrow) was observed
in the midroot aspect between
the two root canals of an up-
per premolar of all the obtu-
rated root canals in this group
(Figure 5).

filled with EndoREZ cement (Grade 2) (red arrow), followed
by a narrower lateral canal (yellow arrow) where the cement
filled less than 10 percent of the total length of the canal
(Grade 0). Also visible on this image is the apical lateral canal
(yellow arrow), filled to less than 10 percent of its total length
with cement (Grade 0O).
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Figure 6: Number of lateral canals obturated with EndoREZ in the coronal, midroot
and apical aspects of the root canals

Group B: EndoREZ Technique (Figure 6)

IIn this group, five lateral canals were observed in the api-
cal aspects of the obturated root canals. Two of the lateral
canals were filled with cement, less than 10 percent of their
total length (Grade 0). Another two of the lateral canals were
partially filled with cement without the presence of gutta-
percha (Grade 1) and only
one of the lateral canals was
completely three-dimension-
ally filed with cement with-
out the presence of gutta-
percha (Grade 2).

Figure 7 (2.56X magnification)
shows a stereomicroscopic
image of a palatal root of an
upper premolar. The apical
lateral canal (red arrow) is
completely filled with Endo-
REZ cement (Grade 2).
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Figure 9: Number of lateral canals obturated with System B in the coronal, midroot
and apical aspects of the root canals.

Group C: System B/Obtura Technique (Figure 9)

Four lateral canals were observed in the apical aspects of the
obturated root canals in this group. Two of the lateral canals were
filed with cement to less than 10 percent of their total length
(Grade Q) and two of the lateral canals were partially filed with
cement (Grade 1) without the
presence of gutta-percha.

In the midroot aspects of the
obturated root canals in this
group two lateral canals were
observed. One of the lateral
canals was filled with cement
to less than 10 percent of its
total length (Grade Q), while
the other one was partially
filled with cement without the
presence of gutta-percha

Figure 7: A stereomicroscopic image
(2.6X magnification) of a palatal root
of an upper premolar. Note the api-
cal lateral canal that was completely
filed with EndoREZ cement (Grade 2)
(red arrow).

Six lateral canals were ob-
served in the midroot aspect
of the obturated root canals in
this group. Three of the lateral

(Grade 1).

Figure 10 (25X magnification)
demonstrates a  stereomicro-
scopic image of the roct canal

Figure 10: A stereomicroscopic im-
age (2.5X magnification) of the root of
an upper canine that was obturated
with the System B/Obtura technique.
Note the presence of a midroot lateral
canal (yellow arrow).
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Figure 11: Number of lateral canals obturated with Thermafil in the coronal, midroot
and apical aspects of the root canals.

Figure 12: A stereomicroscopic im-
age (2.5X magnification) of the root
canal of a lower canine. Note the
presence of an apical lateral canal
that was completely filled with ce-
ment and gutta-percha to less than
50 percent of the total canal length
(Grade 2) (red arrow).

Figure 13: A stereomicroscopic image
(2.5X magnification) of the buccal and
palatal roots of an upper premolar that
was obturated with Thermafil tech-
nique. Note the presence of a mid-
root lateral canal that was completely
filed with cement and gutta-percha to
less than 50 percent of the total canal
length (Grade 2) (red arrow).

of an upper canine that was obturated with the System B/
Obtura technigue. Note the presence of cement in a midroot
lateral canal (Grade 0O) (yellow arrow).

In this group, there was also evidence of one lateral canal
in the buccal root of an upper premolar that was filled with
cement to less than 10 percent of the total length (Grade 0)
in the coronal aspect of the obturated root canal.

Group D: Thermafil Technique (Figure 11)

In this group, two lateral canals were observed in the apical
aspect of the obturated root canals. One of the lateral canals
was filled with cement to less than 10 percent of its total
length (Grade 1) while the other one was partially filled with
cement (Figure 12) and gutta-percha to approximately 20
percent of the canal length (Grade 2) (red arrow).

Five lateral canals were observed in the midroot aspects of
the obturated root canals in this group. Four of the lateral
canals were partially filed with cement without the presence
of gutta-percha (Grade 1) and one of the lateral canals was
completely filled with cement (Figure 13) and partially filled
with gutta-percha (Grade 1) (red arrow), to less than 50 per-
cent of the total canal length.

Only one lateral canal was observed in the coronal aspects of the
specimens in this group. The lateral canal was filed with cement to
less than 10 percent of the total canal length (Grade 7).

The specimens that were obturated with the Thermafil tech-

nigue demonstrated the greatest number of filled lateral ca-
nals. However, there were no statistically significant (p<0.05)
differences between the Thermafil technique and all the
other obturation techniques.

DISCUSSION

The potential pathogenicity of unfilled lateral canals was
demonstrated in a number of studies' due to the fact that
healing of periradicular lesions occurred after lateral canals
were successfully filled. It was also shown that there is no
correlation between unfilled lateral canals and inflammation
of the periodontal ligament.?® However, a recent study indi-
cated that when obturation materials are forced into lateral
canals of vital cases, the obturation material can cause
tissue damage and consequent inflammation.’™®

Many studies have compared different obturation tech-
nigues and their ability to fill lateral canals.?"*> However, to
date no study could be found in the literature reporting on
the incidence of lateral canals filled by Hybrid Root SEAL
or EndoREZ root canal cements.

The modified tooth-clearing technique as used in this
study was performed by using a weak acid solution and
sodium as a buffering agent. According to Venturi et al.,
the additional step of immersing the specimens in acetic
acid improves the quality of the dentine matrix due to its
capabilities of fixing organic components.’® A disadvantage
of using a weak acid for this technique was that it took
more time for specimen preparation. The advantage of us-
ing this technigue was that a high level of transparency was
achieved, clearly demonstrating the morphology of the root
canal systems.

All four obturation techniques in this study caused filling of
lateral canals with sealer, gutta-percha or a combination of
both. The stereomicroscope that was used in this study al-
lowed the examiners to visualise very small lateral canals in
some of the specimens.

The specimens that were obturated with Thermafil dem-
onstrated the greatest number of filled lateral canals, fol-
lowed by Hybrid Root SEAL, System B and then Endo-
REZ. It is important to note that there was no statistically
significant difference (p<0.08) between the number of
lateral canals filled by Thermafil compared with all the
other groups.

In the Thermafil group most of the filled lateral canals were
present in the midroot area. The majority of the lateral ca-
nals in this group were filled with cement to less than 10
percent of their total length (Grade 1). One of the Thermafil
specimens demonstrated a lateral canal that was partially
filled with gutta-percha up to 20 percent of the total ca-
nal length (Grade 2). Clark and El Deeb demonstrated that
the heated gutta-percha around the plastic obturator has
the potential to fill lateral and accessory canals.?” However,
Pathomovich and Edmunds found that with the Thermafil
technigue only the sealer penetrated into accessory canals
without any evidence of gutta-percha.?®

The lateral canals that were filled with Hybrid Root SEAL
were either partially filled with cement without the presence
of gutta-percha (Grade 1) or completely filled with ce-
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ment without the presence of gutta-percha (Grade 2). In
this group most of the lateral canals that were filled were
present in the apical aspect of the root canals.

Specimens in the EndoREZ group demonstrated a high
percentage of lateral canals that were filled with cement
to less than 10 percent of the total canal length (Grade 0).
The remaining canals were partially filled (Grade 1) or com-
pletely filed (Grade 2) with cement without the presence of
gutta-percha. In this group there were more or less an equal
number of lateral canals in the midroot and apical aspects
of the root canals.

The results that were obtained from the Hybrid Root SEAL
and EndoREZ groups are to be expected from these tech-
nigues since they are both single cone technigues, meaning
that only the root canal cement has the potential to pen-
etrate into the lateral canals.

In the System B group most of the lateral canals that were
filled were present in the apical aspects of the root canals.
Most of the lateral canals in this group were partially filled
with cement without gutta-percha (Grade 1). Buchanan re-
ported that the continuous wave of condensation can fill
lateral and accessory canals.** The results of the present
study indicated that most of the lateral canals were only
filled with cement and not with gutta-percha.

The clinical relevance of the results of this in vitro study
must be viewed with caution because the results cannot
be extrapolated directly to the clinical scene. A selection
of different teeth was used in each group of this study in
order to obtain a more representative sample size. How-
ever, a major clinical variable in this study was the extent
of anatomical differences that exist between the differ-
ent teeth as well as the presence or absence of lateral
canals. Further clinical studies are needed to determine
whether these materials and obturation techniques will
have an influence on the final success of endodontic
therapy.

CONCLUSIONS

* |ateral canals that were filled with Hybrid Root SEAL
were either partially filled with cement without the pres-
ence of gutta-percha or completely filled with cement
without the presence of gutta-percha, mostly in the api-
cal aspect of the root canals.

* EndoREZ demonstrated a high percentage of lateral ca-
nals that were filled with cement to less than 10 percent
of the total canal length. There were more or less an
equal number of lateral canals in the midroot and apical
aspects of the root canals.

* Most of the lateral canals filled with System B were
present in the apical aspects of the root canals
and were partially filled with cement without gutta-
percha.

* The Thermafil technique demonstrated the greatest
number of filled lateral canals. However, there was
no statistically significant difference between the
Thermafil technique and all the other obturation
technigues (p<0.05).

Declaration: No conflict of interest declared
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