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Abstract

Introduction: Laser has an effective role in endodontic treatment. Most studies have examined the effects of laser radiation
on straight canals. The aim of this study was to review the therapeutic effect of laser radiation on curved root canals.
Methods: First, the related keywords were searched in four databases: Scopus, PubMed, WOS and Google Scholar. After
merging the collected titles, original eligible articles published by the end of February 2021 were scrutinized.

Results: Out of 16 collected titles, 10 articles met the study critetia. The lasers used included Ex, Ct: YSGG (2780 nm), Nd:
YAG (1064 nm), Er: YAG (2940 nm) and diode (660,940,980 nm). The canal curvature in 6 studies was between 5-33°. Also,
the degree of curvature was described > 20° in three studies, and in one study it was 31£ 9°. Therapeutic goals of laser irra-
diation included root canal shaping, smear layer removal, anti-enterococcus faecalis and anti-candida albicans effect, levels of
filler and sealer penetration into dentin tubules. The results of the studies showed that the laser radiation was not effective for
curved root canal shaping; however, it was effective on other mentioned purposes compared to the control group.
Conclusion: Radiation of the above lasers in curved canals, despite the weakness in canal shaping, can be effective as an
adjuvant tool for canal cleaning, disinfecting and sealing improvement.
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Introduction The use of manual steel files has a significant weakness in the

preparation of curved canals and in some cases the desited canal

Proper shaping, cleaning and disinfecting and then achieving a
strong seal by obstructing the root canal system are essential steps
of a successful endodontic treatment [1].

The anatomical features of the root canal affect the success of
its treatment. Curved canals create constraints for proper biome-
chanical preparation and sealing [2, 3|. These constraints are more
pronounced for canals with sever curvature [4, 5]. Fractures of
endodontic instruments, perforation, filling defects, buildup of
elbow or zip, failing to achieve the working length and defect in
debris removal are some of these constraints [4, 5] which lead
to infection, relapse of symptoms, and sometimes a re-treatment
[6]. Depending on the type of curvature measurement methods,
a varied prevalence of curved canals has been reported in studies.
Generally, this prevalence varies between 5 to 95% [7-9].
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shape and debris removal are achieved less than is expected |10,
11]. Although, Ni-Ti manual files have reduced the problems of
steel manual files, but they have not completely eliminated the dis-
advantages of steel manual files [12]. Rotary instruments are more
effective than manual ones in preparing the curved canal. Rotary
instruments, by reducing the canal preparation time, reducing the
possibility of entrapment and fracture of the instrument inside
the canal, and preparing the canal with the optimal radius, provide
an easier and safer process for the dentist [12-14]. However, rotary
instruments are not completely effective in removing debris from
the root canal, and the use of adjuvant modalities may provide a
more approptiate treatment in their biomechanical preparation.

Laser radiation has found various applications in endodontic
treatment. Antibacterial effects, canal shaping, smear layer remov-
al, irritants activation and canal sealing are some of its advantages
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in endodontic treatment [15-19]. In addition, unlike conventional
irritants such as EDTA, laser does not result in an allergic reaction
and may be a good alternative choice for people who are allergic
to these substances |20, 21]. The effects of laser during endodon-
tic treatment depend on the type of laser, radiation setting and
canal morphology, and changes in any of these items can change
the treatment outcome [22].

Most studies have evaluated the effect of lasers on direct canals
and fewer findings are available on the use of lasers on curved ca-
nals [23, 24]. The aim of this review was to evaluate the effective-
ness of laser irradiation on the treatment of curved root canals.
The results of this study can provide a summary of the available
evidence in this regard.

Methods

First, the following keywords and phrases were extracted using
MeSH and related articles. These were then searched in three da-
tabases: Scopus, PubMed, and WOS.

(laser OR "laser radiation" OR "photodynamic therapy" OR "light
therapy") AND ("curved root canal" OR "root canal curvature")
The collected titles in the above databases were limited to original
articles published by the end of February 2021. The titles were
then combined electronically with Mendeley desktop software
(ver 1.19) to remove duplicates. Also, to increase the search scope,
the keywords were searched in the Google Scholar database, and
the 200 initial titles displayed were checked and non-duplicate re-
lated titles were added to the search results.

Titles were submitted electronically to two reviewers (A.A & B.B)
to select eligible articles. If there were no consensus between
the two reviewers on some of the titles, the third reviewer (C.C)
would decide on them.

Inclusion criteria included original articles, laser radiation, use of
root canals with a curvature of at least 5°, and in-vivo and ex-vivo
studies. Exclusion criteria included non-English language articles,
lack of access to the full text of articles, case report studies, stud-
ies without control groups, and deficiencies in methodology or
result reporting.

https://scidoc.org/IJDOS.php

Eligible articles were thoroughly examined by the third reviewer
and the results were extracted. Necessary information was ex-
tracted from the articles including the type of study, the type of
tooth, the amount of canal curvature, the type of laser and its ra-
diation conditions, the therapeutic goals of laser radiation and its
effectiveness results. The effectiveness of the laser was reported
as effective (E) where a significant difference was observed with
the negative control group or where there was not a significant
difference in the positive control group, and was reported as
ineffective(l) if there was no significant difference in the negative
control group.

CONSORT 2010 Checklist was used to assess the quality of the
clinical trial studies 17. This checklist consists of 37 items. The
number of items obtained by each article is divided into total
items and expressed as a percentage. Cochrane Collaboration's
tool was used for assessing the risk of bias in the clinical trial
studies 18. Risk of bias was described as high (H), low (L), and
unknown (U). To the best of our knowledge, there was not a
qualified checklist to assess the quality and risk of bias in labora-
tory studies. However, the use of inclusion and exclusion criteria
in selecting the articles could have greatly reduced the risk of bias
in this study.

Results
Search Results

Figure 1 shows a summary of the article selection process. 22
titles were found in three databases: Scopus, PubMed, and WOS.
22 titles were found, leaving 12 titles after deleting duplicate titles.
Four non-duplicate titles were also found on the Google Scholar
database. In the initial evaluation, 3 articles out of 16 titles were
excluded from the study the reasons for which are given in Figure
1. Out of the remaining 13 titles, one study was excluded due to
the use of resin block model to simulate the root canal, one study
due to the evaluation of thermal changes of laser radiation (non-
therapeutic intervention) and one study due to lack of access to
its full text. At the end, ten articles were thoroughly reviewed.
Table 1 shows a summary of the final ten articles.

Type of studies

Figure 1. Article selection process.
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Table 1. A summary of the final articles. Abbreviations: a.I= ineffective ,b,E=effective, (+) = dual wavelength radiation, d,
PDT=photodynamic theraphy.
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Ex- vivo

Laser in combina-
tion with gutta-core
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better obstruction than

320 >20 Canal occlusion E

single-cone instrument
without
laset irradiation on sealer
penetration.

Ballout et al. Ex-
(32) vivo

Diode,660
nm(PDT)

Unlike NaOCI, PDT
has no
antibacterial effect.

Anti-
) 28-33 bacterial !

Gupta et al. Fx. vive Er:YAG
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for Er, Cr: YSGG laser

Smear layer . .
K E is more effective for

31+9
removal

removing the

smear layer.

All studies were performed on extracted human teeth in the labo-
ratory.

Laser and radiation conditions

In studies lasers of 2780 nm Er, Cr: YSGG, |25, 20, 29, 34|, 2940
nm Er: YAG (27, 33], 1064 nm Nd: YAG (27, 28, 33|, and diodes
of 660 nm [30, 32|, 940 nm [34] and 980 nm [31] were used. One
study used a combination of Er, Cr: YSGG - Diode lasers [34]. In
two studies, the diode laser was irradiated in the form of photo-
dynamic therapy (PDT) [30, 32]. Only five studies reported laser
radiation energy, which ranged from 25 to 150 m] [27-29, 33| for
Er: YAG, Er, Cr: YSGG, and Nd: YAG lasers and 36 ] for diode
lasers [30]. The range of radiation power in the studies varied
from 0.1 to 2 w.

Studies used specific laser endodontic fiber. In general, the fib-
ers were moved in upward- downward motion inside the canal.

The fiber diameters in the studies were 200, 300, 320, 400, 600
micrometers. In one study, the diode laser fiber ranged from 0.3
to 1 mm in diameter from base to tip [30].

Canal curvature

In one classification, the curvature of the evaluated canals was
5 to 15 © in three studies [25-27], and 15 to 33 © in three other
studies [29, 30, 32]. Also, three studies in their report used canals
with a curvature of more than 20° [28, 31, 33| and one study
used canals with an average curvature of 31 £ 9° [34]. Six studies
determined the curvature of the canal with the Schneider method
and in other studies the method of measuring the curvature was
not mentioned (25, 32-34].

Endodontic treatment models

Canal shaping in two studies |25, 26|, smear layer removal in five
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studies |25, 206, 29, 33, 34|, antibacterial effects using Enterococ-
cus faecalis in two studies [27, 32], sealer penetration into dentin
tubules in two studies [28, 33|, canal occlusion in one study [31]
and anti- Candida albicans effect in one study [30] were the sub-
jects of the studies.

Effectiveness

Laser radiation in nine studies in comparison to the negative con-
trol group or the positive control group had effective and signifi-
cant therapeutic results, generally. In addition, in two studies laser
irradiation was effective for smear layer removal and was ineffec-
tive for canal shaping [25, 26]. In one study, diode laser radiation
in the form of PDT did not show the appropriate antibacterial
effect compared to NaOCI [32]. Below is a summary of the main
results of the reviewed studies.

Canal shaping

Matsuka et al., in order to prepare root canals using Er, Cr: YSGG
laser, divided 20 mandibular incisor teeth into 10 and 15 degree
curvature groups. Canal preparation was done using laser irra-
diation and air and water spray. First the 200 um and then the
320 um fiber entered the canal and then irradiation was done. In
stereoscope and SEM images, the laser in the 10°curvature group
produced superficial surface roughness without carbonization or
melting, In the 15 © curvature group, carbonization, longer irra-
diation time, perforation and pseudo-canal formation were ob-
served. Such problems were fewer with the 200 um fiber com-
pared with the 320 um one. Also, in the curvature group of 15 °,
in order to reach the working length, the 320 um fiber had been
broken in some cases [25].

Jahan et al., Considering the degree of curvature greater than 5
© as a curved canal, and a curvature less than or equal to 5 ® as a
direct canal, divided 40 molars into two groups of 20 performed
two types of preparatory interventions. The first group experi-
enced Er, Cr: YSGG laser irradiation without the use of an it-
rigant, and the second group canal preparation with K files with
5.25%NaOCl and 3% H,0,. Irradiation setting included a power
of 2w, a frequency of 20 Hz and 200, 320 and 400 micrometer
fibers for the apical, middle and coronal areas. In the stereoscope
and SEM images, the error rate including hyper-instrumentation
and edge and pseudo-canal creation was more observed in
the laser group. The success rate of reaching the working length
in the direct canal in the laser and control group was 100%, and
in the curved canals in the distal regions these rates were 62.5%
and 71.4% in the laser and control groups respectively, which
were not significantly different from each other. [26].

Smear layer removal

Nasher et al. investigated the simultaneous irradiation of two Er,
Cr: YSGG-diode 940 nm lasers in smear layer removal in cannals
with an average curvature of 31 £ 9°. After preparing the canal
with a rotary instrument, the canals were divided into five groups:
1. Negative control group in which canals were only rinsed by
tap water, 2. Positive control group (17% EDTA and a final rinse
of 3% NaOCI), 3. Conventional group (with XP Endoshaper
and finisher with 17%EDTA), 4. Dual laser radiation of Er, Cr:
YSGG (1.25 W) and diode 940 nm (2 W) and 5. Dual laser ra-
diation group of Er, Cr: YSGG (2 W) and diode 940 nm (2 W).

https://scidoc.org/IJDOS.php

In microscopic laser scan images, all interventions removed the
smear layer significantly compared to the control group. The la-
ser group had better and more significant results than the posi-
tive control group but had not any significant differences with
the conventional group. The fifth group produced the best re-
sult. Also, group five showed a significantly better performance
than group four. In group four of Er, Cr: YSGG laser with 1.25
w power, complete smear layer removal was observed in cervi-
cal and middle areas, but in apical areas, smear layer removal was
poor. In their other findings, the use of an intracanal entry cycle
in the fifth group compared to the four entry cycles in group four
provided protection against laser fiber breakage [34].

Sabari Murugesun et al., evaluated the effect of flat and conical
fiber tip on smear layer removal from the root canal of mandibu-
lar premolars with a curvature of 15 to 30°. They first prepared
81 canals with rotary files and devided them in three groups of 27
of 17% EDTA, 3% NaOCl, and CHX. Each group was divided
into three subgroups of 9, including without laser irradiation, and
Er, Cr: YSGG laser irradiation with flat and conical tip. The la-
ser was irradiated on the irrigants for 5 seconds. In the findings,
by examining the apical third region using SEM images, the sub-
groups without laser irradiation did not differ from each other in
the amount of smear layer removal and there remained significant
amounts of debris. The group without laser radiation was not
significantly different from the laser group with smooth tip fiber.
In the group of lasers with conical tip, 17% EDTA had a better
performance than the other two irrigants of CHX and NAOCL.
In comparing the conical tip group with the control group and the
flat type group, smear layer removal with the help of EDTA17%
activation showed the best results [29].

In other findings by Matsouka et al., Er, Cr: YSGG laser irradia-
tion in the 10° curvature group, smear layer was well removed.
Also, in the 15° curvature group, smear layer removal was signifi-
cant, but in the apical areas, smear layer removal was poor [25].

In the study of Jahan et al. smear layer removal was almost com-
plete in the Er, Cr: YSGG laser group, but in the control group
(5.25% NaOCl and 3% H,0O,) the presence of the smear layer was
significant [26].

Anti-bacterial and anti-Candida albicans effects

Yasuda et al. divided 60 straight single root teeth (0-5°) and
curved canals (5-10°) in five groups of control (without treat-
ment), 5.25% NaOCI, Nd: YAG laser (0.5 w and 50m] -1 w and
100m]) and Er: YAG laser (0.5 w and 50m] - 1 w and 100m]). The
canals were then infected with enterococcus faecalis. The rate of
colony reduction in the irrigant group in both direct and curved
canal was 100%. This rate was 75.8% and 73% (p> 0.05) respec-
tively in the Nd: YAG group (0.5 w and 50m]), 88.2 and 84.5%
(p> 0.05) respectively in the Nd: YAG group (1 w and 100m]),
86.6 and 76.1% (p <0.05) respectively in the Er: YAG group (0.5
w and 50m]) and 94.6 and 86% (p<0.05) in the Er: YAG group
(1 w and 100m]). Nd: YAG laser irradiation did not make a sig-
nificant difference between the direct and curved groups, but the
bactericidal effect of Er: YAG in the curved group was signifi-
cantly lower than the direct group. Although the results of Er:
YAG were slightly better than Nd: YAG, the difference between
them was not significant [27].
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Ballout et al. divided 50 maxillary incisors infected with Entero-
coccus faecalis into five groups: negative control, plasma jet, di-
electric barrier discharge, PDT (660 nm diode laser) and positive
control group (NaOCI and ultrasound stimulation). In the apical
and coronal regions, the colony count in the plasma and pho-
todynamic therapy groups were similar to the negative control
group and did not differ significantly. Also, photodynamic therapy
showed a less significant effect than the plasma jet group. Only
NaOCl had the best colony reduction and was able to reduce it to
some extent [32].

Sabino et al. investigated the fungicidal effect of PDT (660 nm
diode laser) using methylene blue in the canals with a curvature
of 15-25°. The canals were prepared with a rotary instrument
and then laser irradiation was done with two types of fibers (dif-
fuser and the common type) for 2 minutes for each canal. Evalu-
ation of Candida albicans colony reduction using luminescence
and digital camera imaging showed that irradiation with diffuser
fiber tip caused 3.5 log and in the laser group with the common
tip caused 2 log further reduction of Candida colony compared
to the control group. The diffuser tip was able to reach its maxi-
mum ideal fungicidal effect in less than two minutes, while the
maximum laser effect with the conventional tip at the end of six
minutes of irradiation showed a relative fungicidal effect [30].

Moon et al. Evaluated the effect of irrigants activation with Nd:
YAG laser on Gutta-percha sealing, 63 molar teeth with canal cur-
vature of more than 20 degrees were selected and prepared by ro-
tary instrument and divided into four groups of 17% EDTA and
5.25% NaOCl with and without laser irradiation. The canals were
then closed with Gutta-percha and fluorescent sealer. At 2 and 5
mm sections from the apex, the 17% EDTA group without laser,
the 5.25% NaOCI group with laser, and the 17% EDTA group
with laser showed the highest sealer penetration into the tubules,
respectively. Also, laser-stimulated NaOCI showed a significantly
better penetration than NaOCI without laser radiation [28].

Gupta et al. evaluated the effect of Er: YAG and Nd: YAG laser
on irritant activation on improving sealer penetration in curved
canals. They used two newly introduced irritants, including Largal
Ultra and BioPure MTAD. 140 human molars were divided in
seven groups including BioPure MTAD (Er: YAG and Nd: YAG
and irigant), Largal Ultra (Er: YAG and Nd: YAG and irigant)
and negative control (without laser and without irigant). Canals
were prepared with a rotary instrument. After contact with irri-
gants and laser irradiation, the canals were filled with fluorescently
labeled gutta-percha and examined by CLSM. Compared to the
negative control group, laser improved the sealer penetration into
dentin tubules and Er: YAG irradiation and the use of BioPure
MTAD had better results [33].

Abdelgawad investigated the effect of irritants activation by 980
nm diode laser irradiation on the gutta-percha compaction us-
ing gutta-core or single-cone instrument. 24 molar teeth with a
canal curvature of more than 20 ® were prepared by a rotary in-
strument. The teeth were then divided into two groups of acti-
vation of 15% EDTA and 2.5% NaOCI with and without laser
irradiation and each group was divided into two subgroups of s
gutta-core or single-cone. By preparing sections from 2, 4, 6, 8
and 12 mm from the apex, the percentage of gutta-percha filled
area (PGFA) and the percentage of sealer filled area (PSFA) were
evaluated using a stereomicroscope. Their findings showed that

https://scidoc.org/IJDOS.php

irrigant activation had the highest amount of PGFA. Gutta-core
and the laser activation group significantly produced the highest
filling level and the lowest sealer consumption in 4-6-8 mm sec-
tions compared to other sections [31].

Discussion

The results of ten reviewed studies showed that the irradiation
of Er: YAG, Nd: YAG Er, Cr: YSGG, and diode lasers in the
curved canals of human extracted teeth is effective generally for
the smear layer removal, antibacterial and antifungal ends, irritant
activation, filler compaction and sealer penetration into the dental
tubules, but it is not a suitable tool for the cutting and shaping of
the curved canals. Also, the efficacy of laser radiation in the above
studies was related to the severity of canal curvature, type of laser
and radiation setting, laser fiber tip and irrigants.

High power lasers, like erbium lasers, has an important role in
shaping straight canals and prepating the cavities by bone-cut-
ting |35, 36|. Laser irradiation in curved canals has limitations in
achieving the proper working length compared to hand or ro-
tary instruments because it requires a longer irradiation time and
increases the likelihood of technical errors such as wedge and
elbow formation, perforation, and laser fiber breakage [25, 20,
34]. The occurrence of laser technical errors in curved canals is
caused by reasons such as cumulative radiation dose, intensity of
canal curvature, the use of thicker fibers with less flexibility and
flat fiber tips compared to conical tips [25, 26]. In addition, the
laser fiber does not provide the proper signal to the dentist as
hand instruments, leading to hypo or hyper instrurmentation of
the canal. It seems that the formation of canals with a curvature
of more than 10 degrees by laser is not suitable, especially in the
apical areas [25, 26]. In these cases, the use of a rotary instrument
to form the canal is a more appropriate method, and the combina-
tion of laser radiation with it to improve the smear layer removal,
increases its advantage [25, 35]. Air and water spray to reduce the
temperature of radiation due to the possibility of air and water
passing through the apical foramen and also damage to the apex
structure are other challenges of laser to shape a curved canal.
Therefore, radiation at a distance of 2-3 mm from the apical fora-
men should be considered to reduce the incidence of subsequent
periapical problems due to laser [25].

In the reviewed studies, NaOCI, EDTA and H,0O, were used as
irrigants. The main role of an irritant is to remove debris and
microorganisms during endodontic treatment, which is caused by
chemical or mechanical effects. So far, various irrigants have been
introduced for endodontic treatment. These include acids, chela-
tors such as EDTA, and alkaline solutions such as NaOCl. EDTA
is more capable of harvesting inorganic matter in the smear layer
and debris than organic matter, and its combination with NAO-
CL, which is more effective in harvesting the organic part of de-
bris, improves its performance [38]. However, the combination
of these two substances in the long run causes demineralization
of the dentin [39] and also reduces the active chlorine content of
NaOCI [40] The agitation of irigants for their better penetration
into the canal, especially the apical areas, improves the removal
of debris from the canal. Ultrasound and laser are effective tools
for agitating irrigants over syringe needle irrigation [41, 42]. In
the reviewed studies, the laser in the curved canals resulted in
smear layer removal alone [25, 26, 34] or through the agitation of
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the irrigants [25, 26, 29, 33]. The effect of laser activation of the
irrigants to remove the smear layer in curved canals seems to be
similar to that of laser radiation on direct canals as found in two
of the reviewed studies |25, 26|, although its removal in the apical
areas is still limited |25, 20, 43, 44].

Proper root canal obstruction is one of the main goals of root
canal treatment. To this end, the main canal filler should have
a uniform density in the apical to coronal. A sealer also creates
a better seal by closing the remaining pores between the main
filler and the canal wall. Sealers also play an antimicrobial role by
penetrating dentin tubules in these areas but degenerate over time
[45]. Gutta-percha is the most common canal filler. In curved ca-
nals, the density of the filler, especially in areas past the curvature
to the apical area, regardless of the filling technique, may not be
done propetly [40, 47| and increase the likelihood of failure of
endodontic treatment [48]. In three reviewed studies, activation
of irrigants by Er: YAG, Nd: YAG, and 660 nm diode laser im-
proved root canal sealing using gutta-percha and sealer [28, 31,
33]. In a study by Moon et al. The best sealing was performed
by EDTA without Er: YAG laser and NaOCI produced a poorer
sealing without activation [28]. In the study of Gupta et al. Er:
YAG and Nd: YAG laser irradiation provided better penetration
for gutta-percha and sealer than for the control group [33]. Also,
in the Abdelgawad study, 660 nm diode laser radiation reduced
sealer consumption [31]. Better smear layer removal by creating
micro-bubbles from the evaporation of irrigants and opening of
the

tubules is one of the mechanisms involved in improving the ca-
nal obstruction with laser. Also, microbubbles may potentially
facilitate filler movement to the apical area and its compaction
[31]. In the study of Yasuda et al. [27] the antibacterial effect of
Er: YAG laser decreased from 100% in the direct canal to about
85% in the curved canal and in the Nd: YAG laser group, the
effect decreased from 88.2 to 84.5%. [27]. In a study by Ballout
et al., unlike NaOCI, 660 nm diode laser irradiation in the form
of photodynamic therapy did not cause antibacterial effects [32].
Also, in the study of Sabino et al. 660 nm diode laser had anti-
Candida albicans effects [30]. As can be seen, the antimicrobial
effect of the laser depends on the wavelength, radiation setting
and microorganisms type, in a way that powers higher than 0.5 w
increase its effectiveness [27, 49]. In the study of Kasi¢ et al. Er,
Cr: YSGG, Er: YAG and Nd: YAG, respectively, reduced entero-
coccus faecalis in the direct canal by 100%, 100% and 62.1% [50].
The 660 nm diode laser appears to have moderate effects against
Enterococcus faecalis as the most common infectious pathogen
in the root canal compared to some diode laser wavelengths such
as 810 and 980 [49, 51].

One of the concerns of laser radiation during root canal treat-
ment is the increase in dentin temperature and the possibility of
damage to periodontal tissue. Increasing the temperature by water
and air spray when working on the root canal with Er, Cr: YSGG,
Er: YAG and Nd: YAG lasers as well as the diode laser is less
than 10° [24, 52-55] that appears dose not to cause thermal dam-
age. In addition, creating time intervals between laser radiations
can cause fluctuating changes in temperature and better thermal
control.

Finally, the results of this review study show that Er, Cr: YSGG,
Er: YAG and Nd: YAG and diodes lasers are suitable as an ad-

https://scidoc.org/IJDOS.php

juant instrument for smear layer removal, reduction of bacterial
and Candida albicans colony, infiltration and compaction of the
main filler and the sealer in curved canals. This depends on the
type of laser, radiation setting and canal curvature severity. Also,
canal shaping with Er, Cr: YSGG laser is associated with compli-
cations such as hyper instrumentation and perforation and is not
suitable for curved canals > 10°. The use of fiber with a conical
tip and smaller diameter can be associated with better therapeutic
results in this type of canals.
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