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Introduction

Abstract

Introduction: The penetration depth of irrigating solutions in dentinal tubules is limited;
consequently, bacteria can remain inside dentinal tubules after the cleaning and shaping
of the root canal system. Therefore, new irrigation systems are required to increase the
penetration depth of irrigating solutions in dentinal tubules.

Methods: A comparative study regarding the penetration depth of sodium hypochlorite
(NaOCl) solution in dentinal tubules using four methods, (1) conventional irrigation (Cl),
(2) smear layer removal plus conventional irrigation (gold standard), (3) passive ultrasonic
agitation (PUA) and (4) Nd:YAG laser activated irrigation (LAI), took place on 144 extracted
mandibular teeth with a single root canal. After decoronation with a diamond disc and
working length determination, the apical foramen was sealed with wax. The canals were
prepared up to #35 Mtwo rotary file and 5.25% NaOCI| was used for irrigation during
preparation. To study the penetration depth of NaOCI, smear layer was eliminated in all
samples. Dentinal tubules were stained with crystal violet and after longitudinal sectioning
of teeth, the two halves were reassembled and root canal preparation was performed up
to #40 Mtwo rotary file. Then the samples were distributed into four experimental groups.
Depth of the bleached zone was evaluated by stereomicroscope (20X). Data were analyzed
by Kruskal-Wallis test.

Results: The highest and lowest average for NaOCI| penetration depth in all three coronal,
middle and apical sections belonged to CI + smear layer removal and CI. A statistically
significant difference was seen when comparing the penetration depth of CI + smear layer
removal group to Cl and PUA groups in coronal and middle third, in which the average
NaOCI penetration depth of the gold standard group was higher (P<0.05). A statistically
significant difference was seen between Cl + smear layer removal group and the other three
groups including CI, PUA and LAl in apical third, in which the average NaOCI penetration
depth in the gold standard group was higher (P<0.001).

Conclusion: The standard protocol for smear layer removal led to more effective smear
layer elimination and deeper penetration depth of irrigation solutions. PUA and LAl groups
exhibited less smear layer elimination and penetration depth of irrigation solutions. Therefore,
Cl+smear layer removal should still be considered as the gold standard.

Keywords: Agitation; Irrigation; Lasers; Nd:YAG; Ultrasonic.

performed by mechanical and chemical methods. Elimi-
nation of the pulp tissue, mineral and organic debris, mi-
cro-organisms and their by-products with the use of inter

Complete cleaning and shaping of root canal system, is
an important part in endodontic treatments, which is
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canal irrigation instruments is one of the main aims of
this treatment phase.! While treating infected root canals,
special attention should be guided towards eliminating
bacteria and their byproducts from the root canal system.
The practicality of irrigating solutions depends on differ-
ent factors such as the irrigation mechanism, its contact
potential with substances, materials and root canal struc-
tures, their penetration depth in the main canal and lat-
eral spaces.?

When evaluating the practicality of debris elimination in
3 irrigating solutions, Baker et al proposed that the flush-
ing effect was more important than the power of tissue
resolution.” Therefore, sodium hypochlorite’s efficiency
might be affected by the method of use.

For instance, it has been shown that when sodium hypo-
chlorite is activated with ultrasonic, its efficiency increas-
es.! Better penetration of chemical substances, irrigation
solutions and intra canal medications into dentinal tu-
bules caused by smear layer removal allows a better disin-
fection and seal in the root canal system.”

Root canal irrigation systems can be divided into two
main groups, including hand agitation techniques and ag-
itation techniques with devices. Hand agitation consists
of irrigation with positive forces, commonly by the use of
syringes and side-vented needles.

Agitation techniques with devices include sonic, ultra
sonic, also newer systems like Endo VAC (apical negative
pressure)®and plastic rotary files.”

Paragliola et al concluded that ultrasonic agitation can in-
crease the effect of the final irrigant on root canal walls in
the apical third.’

The penetration depth of irrigation solutions and there-
fore their disinfecting effect on dentinal tubules are limit-
ed. These limitations lead to incomplete bacterial removal
from dentinal tubules after cleaning and shaping of the
root canal system.'’

Irrigation systems which increase the penetration depth
of irrigants in dentinal tubules and the root canal while
encountering minimal apical extrusion of irrigants, elim-
inating cytotoxic effects on periapical tissues, exhibit su-
perior effects.'"!?

Dental lasers have probable photo biologic effects in-
cluding photoacoustic, photochemical and photothermal
effects.”?

Laser activated irrigation (LAI) was introduced with the
aim of increasing irrigant activation. This technique caus-
es acoustic cavitation, defined by the formation of large
oval vapor bubbles which will expand and implode sub-
sequent to the use of ablative lasers in an aqueous envi-
ronment. It has been shown that these vapor bubbles may
increase the volume up to 1600 times. Expansion creates
high pressure and the pressure causes the expulsion of flu-
id. When the bubbles implode after 100-200 ms, the pres-
sure declines. By means of subsequent re-entry of fluid
into the root canal, the secondary effects of cavitation are
created. Thus, the laser acts as a fluid pump."

In the steps of cleaning and shaping the root canal system,
application of laser has some advantages such as debris re-

moval, smear layer removal and bactericidal effects.'” Few
studies have reported adverse effects from this type of la-
ser. It also has been confirmed that this laser can strength-
en disinfection and sterilization due to thermal effects.'¢
This laser can reduce the post-operative pain owing to the
effective removal of bacteria in the apical region of the
root canal.”” Other benefits include melting of dentin and
sealing the dentinal tubules,'®removal of debris and smear
layer from root canal walls and tissue vaporization.*
Little information exists about the effects of Neodymi-
um-Doped Yttrium Aluminum Garnet (Nd:YAG) LAI
on the penetration depth of sodium hypochlorite. And
no study has compared this laser with other methods.
The aim of this Ex vivo study was to evaluate the extent
of penetration of sodium hypochlorite into dentinal tu-
bules by passive ultrasonic agitation (PUA), Nd:YAG LAI
and compare them with conventional clinical methods
and determine the more effective and practical irrigation
method for endodontic treatments.

Methods

Seventy-two extracted human anterior mandibular teeth
with one root canal were selected. The roots of teeth were
mature and straight, without caries, resorption and ob-
servable cracks under 3X magnification. The teeth were
extracted due to periodontal problems. The teeth were
stored in normal saline and disinfected by chloramines
T with 1:7 proportion. The crowns of teeth were cut off
by diamond discs with a thickness of 1 mm (D & Z, Co-
logne, Germany) to provide samples with 19 mm length
from the apical foramen. The position of apical foramen
was determined by a stainless steel K-type hand file #15
(Dentsply, Maillefer, Ballaigues, Switzerland). After see-
ing the tip of file in the apical foramen, 1 mm was reduced
from the length of file and that file length was considered
as working length.

Then, the samples were randomly divided into 4 groups:
Group 1: Conventional irrigation (CI): First, the root ca-
nals were irrigated with 2 ml 5.25% NaOCI by an end-
odontic irrigating syringe and 30 gauge needle (Max-i-
Probe; Dentsply, Rinn, Elgin, IL) for 20 seconds. The tip
of the needle was placed 1 mm to the apical foramen and
was moved up and down in the apical third with latitude
of 4 mm. Then NaOCI was left in the root canal for 20
seconds without any movement, and the canals were ir-
rigated again for 20 seconds as described previously with
30 gauge Max-i-Probe needle. Finalirrigation was accom-
plished by normal saline for 60 seconds.

Group 2: CI plus smear layer removal: The canals were ir-
rigated by 2 ml 5.25% NaOCl with a syringe and 30 gauge
Max-i-Probe needle for 20 seconds as described previous-
ly in group 1. Then for smear layer removal, 2 ml of 17%
ethylenediaminetetraacetic acid (EDTA) (Apadana Tak
Co, Tehran, Iran) was used for one minute followed by 2
ml 5.25% NaOClI for another minute. Final irrigation was
accomplished by normal saline for 60 seconds. This group
was considered as the gold standard group.

Group 3: PUA group: The root canals were irrigated by
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2 ml 5.25% NaOCI with a syringe and 30 gauge Max-i-
Probe needle for 20 seconds. Then, a stainless steel NSK
U file 33 mm #20 mounted at E11 ultrasonic tip (Varios,
NSK Nakanishi Inc., Kanuma, Japan) was activated for 20
seconds with an ultrasonic device (Varios 350, NSK Na-
kanishi Inc., Kanuma, Japan) with the power set on E4 to
agitate the solution. The tip of file was placed 1 mm above
apical foramen according to the method explained by De
Moor et al.? Then, the canals were irrigated by 2 ml 5.25%
NaOCl with a syringe for 20 seconds. Final irrigation was
accomplished by normal saline for 60 seconds.

Group 4: LAI group: The teeth were filled by 2 ml 5.25%
NaOCl with syringe and 30 gauge Max-i-Probe needle
for 20 seconds. Then, the Nd:YAG laser (Fidelis plus, Fo-
tona; Ljubljana, Slovenia) with 300 um endodontic fiber
and 100 m] energy pulse and power of 2 W, frequency of
20 Hz and pulse width of 100 us (VSP: Very Short Pulse)
was activated for 20 seconds. The fiber was placed in the
apical part of the root canal for 5 seconds and moved in
spiral motion out of the root canal. Then the fiber was
reinserted in the root canal and this procedure was re-
peated for 4 more times (total time = 20 seconds). The
laser was only fired during fiber removal from the root
canal according to Blanken et al.?! Then, the root canal
was irrigated with 2 ml 5.25% NaOCI for 20 seconds with
syringe and 30 gauge Max-i-Probe needle. Final irrigation
was accomplished by normal saline for 60 seconds.

After irrigation, the samples were separated in half. One
half was randomly selected and then the surface layer was
grounded with a thickness of approximately 100 microns
by a soft abrasive paper and grinding machine (Malek Teb,
Tehran, Iran). Then the created surfaces were evaluated
with stereomicroscope Model LA-SZM45-B1 (Nanjing
Sunny Optical Instrument Co., Ltd, Nanjing, China) with
20X magnification. Images were saved in JPEG format by
Dinocapture 2.0 software using AM423X Dino-Eye dig-
ital eyepiece and RL-L64 LED light source LED model.
The depth of the bleached zone (depth of penetration of
sodium hypochlorite) was calculated in microns.

The Method of Calculating the Bleached Zone

The captured images from stereomicroscopic with 20X
magnifications, were opened with Photoshop software.
The limits of bleached zone were determined by polyg-
onal lasso tool, number of selected pixels was read in
Photoshop histogram menu and likewise, height of canal
interior wall was read based on pixel in Info menu. The
penetration depth of irrigation solution was calculated ac-
cording to the following formula based on pixel:

b Total pixels

a
(b=Average penetration depth of irrigation solution,
a=Height of canal interior wall) (Figure 1).

For images with 72 dpi resolution, every 100 pixels were
equivalent to 35.28 mm and by dividing that to the mag-
nification, the real size which is convertible to micron was
obtained and in that way, the average, minimum and max-

Figure 4. Determining Bleached Level by Photoshop Software.
A) Maximum penetration depth of sodium hypochlorite, B)
Minimum penetration depth of sodium hypochlorite, C) Dentin,
D) Cementum, E) Height of canal interior wall, and F) Limits of
bleached zone.

imum penetration in the total penetrated surface was ob-
tained. The results of penetration depth were announced
by two trained blind observers in such a way that they
came to the same conclusion after some disagreement.
Afterwards, statistical analysis was performed.

For data analysis, quantitative variables were described as
average and standard deviation and qualitative variables
as raw abundance and relative abundance.

To compare the average penetration depth of sodium hy-
pochlorite among four study groups, analysis of variance
was used and for pair wise comparison, Dunnett T3 test
was applied due to non-homogenous variance of data. A
statistical significant limit of 0.05 was considered for this
purpose.

Results

Average penetration depth of sodium hypochlorite in
the coronal third was different among the four groups
(P<0.001). The average penetration depth of sodium
hypochlorite was significantly different when compar-
ing the Cl+smear layer removal group (309.81 microns)
with CI groups (249.93 microns ) and PUA (260.56 mi-
crons) groups (P<0.001 and P=0.001 respectively). Also,
the average penetration depth of sodium hypochlorite
was significantly different when comparing the LAI
group (293.03 microns) with CI (249.93 microns) and
PUA (260.56 microns) groups (P<0.001 and P=0.004
respectively).

Average penetration depth of sodium hypochlorite in the
middle third was different among the four groups under
study (P<0.001). A statistically significant difference was
seen when comparing the average penetration depth of
sodium hypochlorite between the CI+smear layer remov-
al group (212.7 microns) with CI groups (163.9 microns)
and PUA (188.12 microns) (P<0.001 and P=0.04 respec-
tively). A statistically significant difference was also seen
when comparing the average penetration depth of sodium
hypochlorite between the CI groups (163.9 microns) with
LAI groups (207.79 microns) and PUA (188.12 microns)
(P<0.009 and P=0.001 respectively).

The average penetration depth of sodium hypochlorite in
apical one third was also different in the four experimen-
tal groups (P<0.001). A statistically significant difference
was seen when comparing the average penetration depth
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of sodium hypochlorite between Cl+smear layer removal
group (175.41 microns) with CI groups (42.07 microns),
PUA (71.61 microns) and LAI (90.2 microns) (P<0.001).
The average penetration depth of sodium hypochlorite
in group CI (42.07 microns) had a significant difference
with that of the LAI (90.2 microns) and PUA (71.61 mi-
crons) groups (P<0.001). Furthermore, a significant dif-
ference was seen in the average penetration depth of so-
dium hypochlorite between LAI (90.2 microns) and PUA
(71.61 microns) groups (P=0.05). The results are shown
in Table 1.

Discussion

Studying the extent and measuring the penetration depth
of sodium hypochlorite in dentin is not possible in vivo
due to practical and moral limitations. Therefore, to
standardize the study, human extracted teeth were used
(ex vivo).

William et al** used the motile microorganisms model
to study penetration depth of smear layer in an in vitro
study. They reported that in severely infected root canals,
bacteria might be found in depth of dentinal tubules and
the smear layer covering the root canal walls following
endodontic instrumentation contained bacteria and re-
mains of necrotic pulp tissues.

Also, the presence of smear layer can prevent antiseptics
and root canal fillers from entering dentinal tubules.?
Nair et al** showed that 88% of root canals of mesial roots
of one-visit treated mandibular molars revealed residual
infection after instrumentation, irrigation with sodium
hypochlorite, and obturation. Due to these limitations,
searching for the enhancement of the results of sodium
hypochlorite irrigation by devices or a better root canal
irrigant must be continued.**

Likewise, a study by Hata et al showed that instrumenta-
tion and irrigation with 5% sodium hypochlorite followed
by 15% EDTA using a syringe was the most effective irri-
gation technique for smear layer removal.”® Therefore, in

the current study, conventional irrigation and smear layer
removal by the aforementioned protocol was considered
as the gold standard for comparison.

Since mechanical instrumentation only eliminates 50% of
bacteria from root canal, irrigating solutions are required
to eliminate microbiota from the zones out of reach of
instruments.? Different activation techniques are recom-
mended for promoting the efficiency of irrigating solu-
tions. Some of them include agitation by hand file, Gutta
Percha, mechanical agitation by plastic instruments, also
sonic and ultrasonic agitation.”

Minamisako et al have shown the efficiency of Nd:YAG
laser in eliminating debris, smear layer and pulp tissues."
Therefore, in the current study, Nd:YAG was used with 2
W power, 20 Hz frequency and 100 microsecond pulse
width (VSP: very short pulse) for 20 seconds. Longer ir-
radiation time with less output power decreases the risk
of tissue damage due to significantly less temperature in-
crease. On the other hand, to diffuse the heat generated
from laser radiation and in tensify the effects of laser ra-
diation, canals may be filled with sodium hypochlorite or
EDTA."

Mello et al*® concluded that constant irrigation with 5 ml
of EDTA for 3 minutes can effectively remove smear layer.
In vivo conditions such as moisture, temperature and
dentinal tubule content may impress the penetration
depth to dentinal tubules.” Likewise, the penetration
depth of irrigating solutions into dentinal tubules, and as
a result, their bactericidal effects are clearly impressed by
the presence or lack of smear layer. It has been indicat-
ed that smear layer formation, decreases penetration into
root dentin about 25%-49%.%

In some studies, dye penetration in sodium hypochlorite
solution has been used as an index for evaluating penetra-
tion, but, there is doubt whether there is a conformity be-
tween the penetration depth of sodium hypochlorite and
dye penetration depth or not. It has been reported that the
surface tension of sodium hypochlorite limits its capabil-

Table 1. Statistical Indicators for the Penetration Depth of Sodium Hypochlorite in the Coronal, Middle and Apical Third of Four Experimental

Groups (Based on Microns)

Groups LAI PUA ClI + Smear Layer Removal Cl
Coronal
Mean 293.03 b 260.56 ¢ 309.81 «d 249,93 bd
SD 17.56 31.15 39.01 24.57
Min 245.46 202.14 215.96 188.62
Max 316.34 301.09 389.43 283.34
Middle
Mean 207.79 ¢ 188.12 ' 212.7 th 163.9 e8h
SD 33.49 23.22 27.28 18.17
Min 140.65 140.25 175.76 129.76
Max 269.12 245.45 279.13 190
Apical
Mean 90.2'1 71.611 175.41°7 42.07F
SD 18.64 38.75 38.75 17.71
Min 52.32 119.32 110.32 10.54
Max 121.52 234.57 234.57 70.09

Abbreviations: LA, laser activated irrigation; PUA, passive ultrasonic agitation; CI, conventional irrigation
Similar alphabetical superscripts indicate significant difference amongst the groups.
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ity to distribute inside the root canal.** Adding some acid
fuchsin to sodium hypochlorite may have some effect on
its surface tension which should come into consideration
in future studies. Due to the small molecular size of sodi-
um hypochlorite (molecular weight of NaOCI solved in
distilled water is 74.45 g/mole), its penetration depth may
be higher than that of the dye itself (acid fuchsin molec-
ular weight is 585.54 g/mole). Therefore, advancement of
the solution in the root canal is assessed indirectly and the
results may not bedefinite.*

Previous studies indicate that there are some certain dyes
that may easily penetrate into the whole depth of dentin
even without removing root surface cementum.* Crystal
violet and safranin red showed the same results in dye and
sodium hypochlorite penetration studies.*

The reason for selecting crystal violet in the current study
was better observation under stereomicroscope. Because
sodium hypochlorite is a strong oxidant, it whitens the
purple color of crystal violet and reveals the clear natural
color of dentin. The width of the discolored zone was eas-
ily recorded and considered as the penetration depth of
sodium hypochlorite. After exposing floated samples in
crystal violet to sodium hypochlorite, 100 micron was re-
moved from surface of dentin samples by abrasive paper
to let the dentin zones that were only under the impres-
sion of sodium hypochlorite via dentinal tubules come up.
Of course, it is assumed that coloring the walls of dentinal
tubules by dye may change liquid penetration patterns by
changing dentine surface features.*

Penetration depth and presence of bacteria in various
surfaces of dentin and inside dentinal tubules have been
studied by some researchers. For instance, Peters et al in
an in vivo study showed that in 62% of cases, bacteria
grew up to the cemental surface of the root and in 24%
of cases, over 50000 CFU/g were seen on root cementum
surface.” Further studies, reported the maximum pene-
tration depth of bacteria in the pulpal dentin wall to be up
to 0.25 mm.* On the other hand, Siqueira et al observed
bacterial cells up to an approximate depth of 300 microns
and believed that low penetration depth was more con-
ventional.?

Also, resistant infections resulting from reproduction of
the remaining bacteria inside dentinal tubules are one of
the probable reasons for treatment failure.”

Based on the aforementioned studies, increasing the
penetration depth of irrigation solutions inside dentinal
tubules may be effective in promoting the success rate
of endodontic treatments and decreasing failure in the
treatment of resistant infections. According to the find-
ings of the present study, the average penetration depth
of sodium hypochlorite in the coronal third was different
among the four studied groups. The highest penetration
depth was seen in the Cl+smear layer removal group
(309.81 microns) and the lowest was seen in the CI group
(249.93 micron). Differences were statistically significant
(P<0.001). The differences seen in the coronal third do
not seem to be of clinical significance.

In the middle third, the highest penetration depth was

seen in the CI + smear layer removal group (212.70 mi-
cron) and the lowest was seen in the CI group (163.90
micron). The difference was statistically significant
(P<0.001).

In terms of clinical significance, it seems that by approach-
ing the apical zone, such differences(about 60 microns)
clearly become more important and effective. Similar to
the middle third zone, the average penetration depth of
sodium hypochlorite in LAI group was 207.79 microns
and that amount did not show a significant difference
with the gold standard group (212.70 microns). On the
contrary, the difference seen between the PUA and gold
standard group was significant. It can be concluded that
in middle and coronal third, only LAI was as effective as
the gold standard protocol in increasing the penetration
depth of irrigation solution.

In apical third, similar to that of the middle and coronal
third, the highest penetration depth belonged to the CI
+ smear layer removal group, and the CI group showed
the lowest penetration depth (175.41 and 40.07 microns
respectively). In the apical third, the average penetra-
tion depth of sodium hypochlorite in the PUA and LAI
groups were 71.61 and 90.20 micron respectively, which
had a significant difference with the gold standard group
(175.41 micron). An 85-105 microns difference has a
clear clinical impact in the apical third zone.

What comes into spotlight in all the aforementioned com-
parisons is that EDTA was never used in CI, PUL and LAI
techniques and probably its significant role might be the
reason for such significant difference. In this study, de-
spite of implementing activation techniques, NaOCI did
not show complete penetration in any of the samples and
this can justify failure in ideal root canal treatments.

In this study, the penetration depth of sodium hypochlo-
rite was reported to be in a range of 40 to 309 microns.
Ando and Hoshino showed presence of bacteria in den-
tinal tubules up to the half way between root canal and
cementodentinal junction (CD]J).*® Haapasalo et al re-
ported that Enterococcus faecalis quickly attacked tubules
and in some blocks, they could penetrate up to a depth of
1000 microns after three weeks incubation.”” Therefore,
access to all bacteria in all cases by irrigation with sodium
hypochlorite would be difficult or almost impossible and
various factors such as viscosity, time, temperature, sur-
face tension, needle gauge and needle head depth position
may affect the penetration depth of irrigation solutions
such as NaOClL.**

In the study of Zou et al,** the highest amount of penetra-
tion depth of 6% sodium hypochlorite was 300 microns
which was seen after application of this solution for 20
minutes in 45°C. It was shown that temperature, time and
viscosity were variables affecting the penetration depth of
sodium hypochlorite into dentinal tubules. The deepest
penetration took place when all the three variables existed
simultaneously contributing to intensification.*

De Gregorio et al* evaluated the penetration of irrigation
solution into synthetic accessory canals. Dissimilar to the
results of the current study, they concluded that adding
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EDTA did not lead to better penetration of irrigation
solution into synthetic accessory canals. The use of acces-
sory canals instead of dentinal tubules may be the reason
for such differences.

Minamisako et al reported that Nd:YAG laser was capable
of removing smear layer, debris and pulpal tissues even
without black initiator ink."” The results of present study
indicated that the penetration depth of sodium hypochlo-
rite in the coronal and middle sections did not show sig-
nificant differences when comparing the use of laser with
the gold standard; whereas, in apical third, the LAI group,
showed a significant difference when compared to the
gold standard group in such a way that the average pen-
etration depth of sodium hypochlorite was 90.2 microns
in the v group and 175.41 micron in the gold standard
group. The lower penetration depth can be attributed to
higher amounts of the remaining smear layer, the melting
effect of Nd:YAG laser on dentin and occlusion of dentin-
al tubule orifices.

According to the results of the current study it can be con-
cluded that the standard protocol for smear layer removal
leads to a more effective elimination of smear layer and
deeper penetration of irrigation solution. It should be
noted that penetration of irrigating solution into dentinal
tubules does not necessarily indicate its sufficient con-
centration for eliminating microorganisms,* which is of
more importance in infected root canals.

Lloyd et al* showed that laser-activated photon-induced
photo-acoustic streaming irrigation can eliminate debris
from complex canal spaces of mandibular molars at a sig-
nificantly greater level in comparison with standard nee-
dle irrigation.

Further studies regarding effective elimination of biofilm
and microorganism inside dentinal tubules using other
types of lasers with various settings and environments are
highly recommended.

Conclusion

The use of PUA and LA resulted in less smear layer elim-
ination and consequently less penetration of irrigating
solutions. CI + smear layer removal can be considered
as the gold standard technique for deeper penetration of
NaOCl in dentinal tubules and techniques that do not re-
move smear layer cannot be considered as a good alter-
nate for it.

Ethical Considerations
The teeth used in this study were extracted due to peri-
odontal problems.
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