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ABSTRACT

The aim of the study was to evaluate the efficacy of liquid papain (10%) to remove the smear layer from the root canal wall at various levels, using
scanning electron microscopy. Forty five premolars were divided into three groups (n=15). The canals were prepared upto protaper F3. In group1,
canals were irrigated with normal saline, in group 2 canals with 5%NaOC]I and in group 3 with 10% papain during instrumentation and 17% EDTA
as afinal irrigant. Smear layer removal was evaluated by Gutmann's scoring system using scanning electron microscopy (SEM). Statistical analysis
using Oneway ANOVA showed significant difference in the mean score value for the three experimental groups (p<0.05). From the study, it can be
concluded that Group 2 (5% NaOCl and 17% EDTA) and Group 3 (10% papain and 17% EDTA) have the ability to remove smear layer at three
levels (apical, middle and cervical third).
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INTRODUCTION

Following root canal instrumentation a layer of organic and inorganic
materials accumulate on the root canal walls, known as smear layer. It
has 1-5 um thickness and extends into dentinal tubule as smear plug
(1). This smear layer is responsible for harboring remnants of tissues
along with bacteria and their by-products. Studies have shown that
presence of microorganism in the smear layer prevents the canal from
being completely disinfected (2). The smear layer may interfere with
the penetration of medicaments used for intracanal disinfection (3).
Also it interferes with penetration and adhesion of root canal sealer
into the dentinal tubules during obturation (4,5). Therefore complete
elimination of smear layer improves disinfection of the root canal and
adaptation of root canal filling. Studies have found that removal of the
smear layer minimizes both coronal and apical leakage regardless of
the type of sealer used (6,7). An ideal smear layer removing agent
should be able to remove both organic and inorganic debris from all
canal surfaces without causing dentinal erosion(8).

Different solutions have been utilised for removal of the smear layer.
NaOCl is the most frequently used endodontic irrigant because of its
excellent antimicrobial activity and pulp dissolution property(9). The
use of sodium hypochlorite in patients requires caution due to its
cytotoxicity. Another major drawback is its inability to remove the
smear layer completely (10). Extrusion of NaOCI into periapical
tissues can cause severe pain, oedema and necrosis of the tisssues.
NaOCl allergy also has been reported(11).

A commonly used chelating agent for smear layer removal is 17%
ethylene diamine tetra acetic acid. Studies have reported that single
and combined use of EDTA with NaOCl decreases the microhardness
of'the root canal dentine significantly (12). EDTA should be used with
caution inside root canals because it may weaken dentine and thereby
increase the risk of creating a perforation during mechanical root canal
instrumentation (13). Studies have demonstrated that EDTA had no
measurable antibacterial effect as aroot canal irrigant(14).

Liquid papain is a solution of proteolytic plant enzyme extracted from
unripe fruits of papaya tree (15). The enzyme is able to break down
organic molecules made of amino acids such as proteins, short chain
peptides, aminoacid ester and amide (16). It has been used in medicine
for debriding chronic wounds and burns which exhibit necrotic areas
(17). In dentistry, papain in gelform (papacarie) has been used for
chemomechanical caries removal(18). Papain is biocompatible and
also a potent natural antioxidant(19).

The aim of this study was to evaluate the efficacy of liquid

papain(10%) to remove smear layer from the root canal wall at various
levels, using scanning electron microscopy.

2.MATERIALSAND METHODS

2.1.Sample Preparation

Samples were 45 single and straight rooted human premolars extracted
for orthodontic purpose. The teeth were washed in distilled water to
remove the blood and stored in distilled water until the beginning of the
study. The teeth were decoronated at the level of CEJ, using a diamond
disk with straight handpiece and the root lengths were standardized to
15mm. The patency of each root canal was checked with 10 size k file.

The samples were randomly divided into three groups.

Group 1: Samples in which only normal saline was used as root canal
irrigant during instrumentation, 2.5 ml between each file and Sml as a
final irrigant for 2 minutes. It was considered as a control group.

Group 2: Samples in which 5% NaOCl was used as an irrigant during
instrumentation. 2.5ml between each file and 5Sml 17% EDTA as a final
irrigant for 2 minutes, then washed with 5 ml of normal saline.

Group 3: Samples in which 10% papain was used as the root canal
irrigant during instrumentation, 2.5 ml of liquid papain between each
file and 5 ml of 17% EDTA for 2 minutes as a final irrigant, then washed
with 5 ml of normal saline.

2.2. Preparation of the irrigant solution

¢ The experimental solution was prepared by dissolving Sgms of
powdered form of enzyme papain in 50 ml of distilled water to
produce 10% papain solution. The solution was freshly prepared
before use.

2.3.Root canal preparation

The samples were closed from the apical area with sticky wax. The
samples were prepared using protaper NiTi rotary file system starting
from Sx, S1, S2, F1, F2, F3 at 300 rpm and 2 as torque in a rotary
endodontic handpiece (Xsmart, Dentsply). Each file was inserted 3
times inacanal.

The irrigation was performed by endodontic syringe and 30 gauge side
vented needle, inserted upto 2 mm short of the apex. The speed of
irrigation in each file was 1ml per 5 seconds. Each canal was irrigated
with 5ml of normal saline as final irrigant and dried with sterile
endodontic paper point size F3.
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2.4.SEM sample preparation

After the root canal preparation, a sterile paper point was kept inside
the canal and coronal orifice was closed with modeling wax to protect
the prepared canal from being contaminated by dentinal chips or debris
during the splitting process(20). Each root was grooved buccally and
lingually without penetrating the canal wall using a diamond disc with
straight handpiece. The root was split gently into two halves with the
aid of a chisel. The optimum half of each root was used for SEM
examination for apical, middle and cervical third. The specimens were
dehydrated in a water / ethanol mixture; the ethanol content was
increased step by step in 70, 80 and 96% for 24 hours and three times in
100% ethanol for 24 hours(21). Then the specimens were dried in a
desiccator for 24 hours.

The specimens were left to dry overnight, mounted on copper stubs,
coated with gold, and examined and photographed using a scanning
electron microscope (TESCAN VEGA 3 LMU high-performance,
Variable Pressure Analytical SEM with LAB6) at an accelerating
voltage of 15 KV at low vacuum. The examination was performed at
several areas of each third, such as cervical, middle and apical third.

Smear layer removal was evaluated using the four-point scoring system

reported by Gutmann. The scoring criteria are given below(22).

1. Little or no smear layer, covering less than 25% of the specimen,
most of the tubules visible and patent

2. Little to moderate or patchy amount of smear layer, covering
between 25 and 50% of the specimen, many tubules visible and
patent

3. Moderate amount of scattered or aggregated smear layer covering
between 50 and 75% of the specimen, no tubule visible or patent

4. Heavy smear layer covering over75% of the specimen, no tubule
orifices visible or patent

RESULTS

In the present study, for Group 1 in which normal saline was used as the
sole endodontic irrigant, the SEM image showed presence of heavy
smear layer throughout the entire length of root canal(Table/ Figure- 1:
A, B, C). The area is devoid of any patent dentinal tubules indicating
that normal saline has no ability to remove smear layer. There was no
significant difference in smear layer removal between three levels of
root canal, such as cervical 3“, middle 3" and apical 3"

For Group 2, in which EDTA and NaOCI were used as the endodontic
irrigants, there was complete removal of the smear layer at all the three
levels of root canal. Most of the dentinal tubules were clearly opened and
tubule diameter was larger than that of papain groups. It was also seen
that smear plugs (extending part into dentinal tubules) were completely
removed in the clean areas of dentin (Table/Figure -2: A, B, C).

For Group 3, where 10% papain and EDTA were used, the SEM images
showed partial removal of smear layer at the three levels of prepared
canal (Table/Figure 3: A, B, C) In the cervical third and middle third
there was more removal of smear layer and more number of patent
dentinal tubules compared to the apical third.

The mean values of the scores obtained for the three groups at the three
levels of root canal such as cervical third, middle third and apical third
are given in (Table/Figure-4 ) Statistical analysis using Oneway
ANOVA showed there was significant difference in the mean value
obtained for the three groups. Since the values were based on the
cleaning capacity, it is presumed that lower the mean score value,
greater is the cleaning capability.

Tukeys post hoc test —simultaneous comparison method applied
showed there was statistically significant difference between Group 1
& Group 2 and also Group 1 & Group 3 ( Table/Figure- 5).

Comparison between groups Group 2 & Group 3 at the three levels
showed no statistically significant difference.

Table/Figurel: A cervical third, B middle third, C apical third) SEM
images of Group 1 (normal saline) reveals heavy smear layer covering
dentine surface, all images at X 1000
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Table/Figure-2; A cervical third, B middle third, C apical third) SEM
images of Group 2 (5% NaOCl & 17% EDTA) showing complete
removal of smear layer with patent dentinal tubules, all images at X
1000

Table/Figure-3; A cervical third, B middle third, C apical third) SEM
image of the Group 3 (10% papain + 17% EDTA) showing partial
removal of smear layer and different patent dentinal tubules with
remnants of smear, all the images at X 1000

Table -4: Mean score = SD of smear layer in different groups, *
p<.0.05

Area N | Group 1| Group2 | Group3 F P
Examined (normal | (NaOCl &|(10%papain
saline) | EDTA) | & EDTA)
Cervical3”| 15] 3.940.35[ 1.120.26 | 1.1+0.35 [365.48/0.000%
Middle 3" [ 15 4+0.00 | 1.1£0.41 | 1.1£0.49 [274.14/0.000%
Apical 3" [ 15] 4+0.00 | 1.2£0.35 | 1.3+£0.74 [163.56]/0.000%

Table-5 : Tukeys Post hoc test - simultaneous comparison
values,*statistically significant

Area Group 1 Group 1 Group 2 |Standard] p

Examined | & Group 2 & Group 3 & Group 3 error

(Experimental| (Experimental| (Experi tal
error) error) error)

Cervical 3" 23.69* 23.13* 0.56 2.43 [0.000
Middle 3" 20.75% 19.77* 0.99 2.43 [0.000
Apical 3" 16.54* 14.61* 1.92 2.43 [0.000

DISCUSSION

For the complete removal of smear layer from the root canal an irrigant
should be able to remove both its organic and inorganic
componens(23). None of the presently available endodontic irrigants
are able to satisfy this requirement. So irrigants are always used in
combination. In the present study an attempt was made to use a plant
enzyme papain for its ability to remove the organic component of
smear layer.

In the present study new irrigant combination used consisted of a plant
enzyme 'papain' and an inorganic chelator 'EDTA'. Papain shows
extensive proteolytic activity towards proteins, shortchain peptides,
amino acid esters and amide. It shows antibacterial activity against
Streptococcus mutans. The minimum inhibitory concentration of
papain (MIC) against Streptococcus mutans was found to be7.5% and
the minimum bactericidal concentration (MBC) was 15% (24). So in
this study a concentration of 10% liquid papain was used for a time
interval of 2 minutes.

Inside the oral cavity teeth are located within sockets with a normal
physiological negative pressure. To simulate this condition in this
study all the roots were closed at the apex with sticky wax during canal
preparation. Also all the teeth of three experimental groups were
standardized to the same apical diameter and identical sequence of files
were used for canal preparation.

In the present study removal of inorganic component of smear layer
was aided by EDTA. There are 4 hydroxyl groups which is present in
EDTA, to which Ca™ attached to produce the chelating effect.
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According to Amon et al proteolytic activity of papain is enhanced by
the presence of heavy metal chelating agent (25). The use of 30 gauge
side vented needle in this study aids better transportation of irrigant to
the apical and middle third of canal. studies had shown that rotary files
produce significant amount of smear layer than manual
instrumentation (26). This may be the reason why smear layer removal
is more difficult from rotary instrumented canals.

Another factor which influences smear layer removal is agitation of
irrigant. Any such agitation was avoided in this study as it affects the
result. So any removal of smear layer obtained in this study can be due
to the chemical action of irrigant alone.

The removal of smear layer was better in cervical and middle third of
the root (Group 2 & Group 3) possibly due to larger canal diameter than
the apical third of root canal (8). Due to which the volume and velocity
of irrigant is more in this region. Also the numbers of dentinal tubules
are lesser in apical third than cervical and middle third of the canal.

Similar results were obtained in a study conducted by Bolhari e a/
which states that 17% EDTA is a more effective chelating agent in
removing smear layer from the root canals than an herbal solution
(citrus aurantifolia extracts) which was not able to remove the smear
layer completely(27). These results gives a coincidence with results of
Uroz-Torres and Saito e al they reported that more complete smear
layer removal was at the cervical and middle third level than at the
apical level ofroot(28).

CONCLUSION

Within the limitations of the present study, it can be concluded that
Group 2 (5% NaOCl and 17% EDTA) and Group 3 (10% papain and
17% EDTA) have the ability to remove smear layer at three levels
(apical, middle and cervical third). On intergroup comparison Group 2
(5% NaOCl and 17% EDTA) showed more significant removal than
Group 3. Also the apical area of root canal showed anatomical
limitation during irrigation in all three study groups. Further studies
should be carried out to use papain as a potential irrigant in
combination with other agents and also regarding other properties of
papain so that it could be developed as an alternate non cytotoxic
natural irrigant for endodontic purposes.
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