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The effect of lubricants in removing smear layer on canal enlargement with engine-driven Ni-Ti file

I. INTRODUCTION

Endodontic therapy depends primarily on the
mechanical removal of calcified materials and on the
chemical disinfection and dissolution of organic mate-
rials from root canal system”. The thorough cleansing
and shaping of root canal system are considered as
key requirement for endodontic success. Therefore,
the importance of mechanical and chemical debride-
ment of root canal has been continuously empha-
sized.

But, the smear layer is formed by burnishing
superficial components of dentinal walls during
instrumentation procedure. The smear layer associ-
ated with root canal treatment consisted of not only
dentine but also remnants of odontoblastic processes,
pulp tissue and bacteria®. In the infected canal, the
smear layer produced by instrumentation should be
removed, because bacteria may have invaded denti-
nal tubules and accessory canals, and smear plugs
produced during instrumentation should be removed
to facilitate antibacterial effect of intracanal medica-
ments®®. Also, it has been reported that their
removal reduces microbial flora®*®, and enhances the
obturation properties of sealing material™®. For
these reasons, it may be prudent to create the clean-
est dentinal surface possible. Different types of hand
or engine—driven instruments and irrigation solutions
have been used for instrumentation of root canal.

Different irrigating solutions have been used to
remove the smear layer. Although sodium hypochlo-
rite is an irrigant solution used widely in root canal
treatment because of its bactericidal activity and
ability to dissolve organic materials'*?, sodium
hypochlorite is not effective in removing the smear
layer”. Acids such as phosphoric, citric, polyacrilic
and tannic acid or chelating agents such as EDTA
and REDTA have been reported as suitable for
removing smear layer™'?”. Also, other studies have
shown that a combination sodium hypochlorite and
EDTA removed the smear layer partially*®'®.
Takeda'® et al. suggested that laser was useful in
removing smear layer. Ahmad” and Cameron®® rec-
ommend ultrasonic system to remove debri as well as
smear layer.

Recently, new engine-driven endodontic instru-

ments made from nickel-titanium have been intro-
duced. They are rotating instruments with variable
taper, which have more elastic flexibility, and are
more stress resistant compared to stainless steel
files. They must be used with lubricants in the root
canal because of stress induced on instrumentation
procedure. RC-PREP™ (premier, Philadelphia,
U.S.A) and Glyde™(Dentsply-Maillefer, Ballaigues,
Switzerland) are generally used as lubricants in clin-
ic, and they contain EDTA for root canal condition-
ing. But, the effect of lubricants on removal of smear
layer in the root canal has not been reported.

Thus, the purpose of this study was to evaluate the
effect of lubricants, such as RC-PREP™ and Glyde™,
in removing smear layer on canal enlargement with
engine-driven Ni-Ti file.

I. MATERIALS AND METHODS
A. Selection and preparation of teeth

A total of freshly extracted 75 human permanent
anterior teeth with single root, single canal and com-
plete apex were used in this study. Any specimen
having severe canal curvature, root caries, fracture,
previous endodontic treatment and calcification were
discarded. Adherent soft tissue on root surface were
removed by periodontal currete. To facilitate mea-
surement and instrumentation and to aid in precise
length control, the crowns of all teeth were removed
at cemento-enamel junction level with tungsten car-
bide fissure bur in high-speed handpiece.

B. Canal instrumentation

Canal patency was visually established by placing
size 15 K-files (Dentsply-Maillefer, Ballaigues,
Switzerland) to each canal until it could be seen
flush with the external root surface of the apical fora-
men. This length subtract 1mm established the
working length of each canal.

Seventy-five teeth were randomly divided into 5
groups of 15 each, according to lubricants(Table 1).

All canals were prepared using engine-driven Ni-Ti
files. The coronal and middle third were shaped with
GT™ rotary files(Dentsply-Maillefer, Ballaigues,
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Table 1. Grouping according to lubricants.

) 17% EDTA
lubricants .
solution
Control group No No
experimental group 1 RC-PREP™ No
experimental group 2 Glyde™ No
experimental group 3 RC-PREP™ Soaked
experimental group 4 Glyde™ Soaked

Switzerland) from .12/20 to .08/20, using crown-
down technique. The apical preparation was then
completed with PROFILE™ instruments(Dentsply-
Maillefer, Ballaigues, Switzerland). Firstly, yellow
0.04 taper PROFILE™ was used at the working
length, and then yellow 0.06 taper PROFILE™ was
used at the same length. Red 0.04, 0.06 taper, blue
0.04, 0.06 taper and green 0.04, 0.06 taper PRO-
FILE™ were used sequently at the working length.
Each PROFILE™ instrument was introduced into the
canal at a constant speed of 300rpm with gentle
push-pull motion.

The use of each instrument was followed by irriga-
tion with ImL of 5% NaOCI solution for 10s. The
irrigation solution was delivered by an endodontic
irrigation probe(Max-i-Probe®, 30gauge/dark blue,
Dentsply) placed, as deeply as possible without bind-
ing into the middle to apical portion of the canal. The
canals were kept flooded with the irrigation agent
throughout the instrumentation procedure. The
lubricants were dispensed from the tube to a dappen
dish and carried to canal on endodontic instru-
ments{(GT™ rotary files, PROFILE™). After canal
enlargement, specimens of group 3 and 4 were
soaked in 17% EDTA solution for 5min. Then, a final
flush of bmL of distilled water was delivered in the
same way for 30s. Canals were dried with sterile
standardized paper points.

C. SEM examination
To facilitate fracture into two halves, all roots were
grooved longitudinally on the buccal and lingual sur-

faces with a small round diamond bur, avoiding pen-
etration into the canal cavity. Finally, the roots were
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splited with a small chisel into two halves. Each root
section was then dehydrated in graded concentration
of alcohol(70, 80, 90, 100%), mounted on an alu-
minum stub, sputter-coated with gold palladium,
and observed with a scanning electron microscope
(JSM-840A scanning microscope, JEOL Ltd.,
Japan).

D. Scoring system

Smear layers were subjected to a standardized
semiquantitative evaluation in four grades, according
to the classification of Gutmann et al**®'. Criteria for
the scoring were as followings:

Score of the smear layer: (a) score 1, little or no
smear layer: covering less than 25% of the specimen;
almost tubules visible and patent(Fig. 3); (b) score
2, little to moderate or patchy amounts of smear lay-
er; covering between 25 and 50% of the specimen:
many tubules visible and patent(Fig. 4): (c) score 3,
moderate amounts of scattered or aggregated smear
layer: covering between 50 and 756% of the speci-
men; minimal to no tubule visibility or patency(Fig.
5): (d) score 4, heavy smear layering covering over
75% of the specimen: no tubule orifices visible or
patent(Fig. 6).

E. Evaluation

Scoring was performed in the middle and apical
third of root canal wall. 5 microscopic fields at X800
were randomly examined and assessed in each third
of half-root. Each field was graded from 1 to 4
according to scoring system. The whole root canal
wall of each specimen was examined carefully and
representative photographs were taken from the mid-
dle and apical areas of the wall. The results of scor-
ing measurement were analyzed with Kruskal-Wallis
nonparametric analysis followed by Mann-Whitney
test to evaluate differences between specific groups at
a significance level of P=0.01. The Wilcoxon test was
used to confirm the significant difference between
middle and apical areas within the groups at the
P=0.01 level.
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. RESULTS
A. Control group

The root canal walls of all specimens had been pre-
pared using engine-driven Ni-Ti files without lubri~
cants and had not been treated with 17% EDTA
solution.

The root canal walls were covered totally with a
thick smear layer. The dentinal tubules were blocked
by plugs, and were not visible(Fig. 7, 8). But occa-
sional openings of tubules were observed infrequent-
ly(score 3 level).

B. Experimental group 1(RC-PREP™)

The root canal walls showed little or moderate

Table 2. The scores of smear layer at the middle and
apical third in each groups.

Groups Middle Apical
(N=15)
Control 3.97 3.99
= |, 1.95 2.24
o 1.89 | 225 |
3 1.12 1.16
4 111 1.13

- Mann-Whitney test for difference between specific
groups was used.

* shows a significant difference(P{0.01)

- Wilcoxon test for difference between middle and apical
third was used.

** shows a significant difference(P¢0.01)

< MIDDLE >
100.00%
0 H_.._M_

= 80.00% M score 4
3 60.00% 1 ["|@score 3
5‘? 40.00% - [-{Oscore 2

20.00% | | L |Oscore 1

0.00%

Con G1 G2 G3 G4
Groups

Fig. 1. Total scores in middle third.

amounts of smear layer. Most of the dentinal tubules
were visible and some were covered with thin smear
layer(Fig. 9, 10). The wall covered with thick smear
layer was in on only one specimen(Fig. 1, 2).

In the middle third, smear layer was thinner than
in the apical third. The mean score of smear layer in
the middle third were lower than in the apical third,
and it was statistically significant (P{0.01, Table 2).

C. Experimental group 2(Glyde™)

The root canal wall were clean without smear layer
or showed moderate amounts of smear layer. The
smear layer was thin, and thick smear layer was
found at apical third of only one specimen(Fig. 2).
The dentinal tubules were visible and open, and
some were closed. The surface texture of the root
canal walls was generally smooth and even(Fig. 11,
12).

In the middle third, the tubules remained widely
open and clean, but in the apical third, this were
small and tightly closed. The removal of smear layer
was more effective in the middle third than in the
apical third, and this was statistically significant
(P€0.01, Table 2).

D. Experimental group 3(RC-PREP™+17% ED-
TA solution)

The middle and apical third showed smear layer-
free surface respectively. Some tubules were covered
with thin smear layer chips(score 2 level) or blocked

< APICAL >
100.00%
= 80.00% T M score 4
g 60.00% — " |mscore 3
d“_f 40.00% ~ ~|CIscore 2
20.00% [ |_|Clscore 1
0.00%

Con G1 G2 G3 G4
Groups

Fig. 2. Total scores in apical third.
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by smear plugs. Moderate smear layer was not
observed(Fig. 13, 14).

Middle third showed less smear layer than apical
third, but there was not significant difference
between the middle and apical third(Table 2).

E. Experimental group 4(Glyde™+17% EDTA
solution)

The smear layer was nearly removed from the mid-
dle third, apical third. The dentinal tubules were
cleaned and opened. Some tubules were blocked by
smear plugs. Moderate smear layers were not
observed(Fig. 15, 16).

Middle third showed less smear layer than apical
third, but there was not significant difference
between the middle and apical third(Table 2).

The control group showed much greater smear lay-
er than other experimental groups(P{0.01, Table 2).
The experimental groups using lubricants without
17% EDTA solution(group 1, 2) showed significantly
greater smear layer than groups using lubricants
with 17% EDTA solution(group 3, 4) in the middle

2 1
Fig. 6. Sore 4 level.
control group.
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Fig. 7. Specimen in middle third of

and apical third(P{0.01, Table 2). The group 2 using
Glyde™ as lubricants showed less smear layer than
group 1 using RC-PREP™, however, there was no
statistically significant difference between group 1
and 2(Table 2). Also, group 3 showed less smear lay-
er than group 4, but there was no statistically signif-
icant difference between group 3 and 4(Table 2). The
group 1 and 2 using lubricants without 17% EDTA
solution had statistically significant differences for
smear layer removal between the two parts of the
root, and middle third showed less smear layer than
apical third(P(0.01, Table 2). Control group, group 3
and 4 showed less smear layer in middle third than
apical third, but it was not statistically significant
(Table 2).

Figure 1 and 2 show the distribution of smear layer
scores in each groups. In control group, score 4 level
was predominant absolutely. In smear layer scores of
experimental group 1 and 2 prepared using lubri-
cants without 17% EDTA solution, score 2 level
occupied the highest percentage, and Score 4 level
was examined in two specimens. Score 1 level occu-

Fig. 8. Specimen in apical third of

control group.
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Fig. 9. Specimen in middle third of

experimental group 1.

: L0 T j f
Fig. 10. Specimen in apical third of

experimental group 1.

Fig. 13. Specimen in middle third of  Fig. 14. Specimen in apical third of
experimental group 3.

18IS %

experimental group 3.

experimental group 4.

pied the highest percentage in smear layer scores of
experimental group 3 and 4 prepared using lubri-
cants with 17% EDTA solution, and score 3 and 4
level was not examined.

V. DISCUSSION

A layer of sludge material is always formed on the
instrumented root canal walls. This layer is called as
smear layer. It has an amorphous, irregular and

Fig. 16. Specimen in apical third of

experimental group 4.

granular appearance under the scanning electron
microscope™, and is composed of tooth structure and
some nonspecific inorganic contaminants. The organic
components may consist of reacted coagulated pro-
teins, necrotic or viable pulp tissue, odontoblastic
processes, plus saliva, blood cells and microorgan-
ism®.

It has been shown that bacterial byproducts may
penetrate through freshly cut dentine®® and that

the smear layer itself is permeable even to large mol-
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ecules such as albumin®™. Therefore, this layer is not

a strict barrier to bacteria. After degradation of the
smear layer by proteolytic enzymes released by cer-
tain bacteria®”, a gap will develope between the fill-
ing material and the canal wall, permitting the leak-
age of other bacterial species and their byproducts
along the canal walls into dentinal tubules and the
periradicular tissue. The smear layer constitutes a
negative influence on the sealing ability of obturated
canals, since it is porous and weakly adherent inter-
face between the obturation material and the dentine
wall*?.

When the root canal becomes heavily infected, bac-
teria may be found deep in the dentinal tubules®.
Even after chemomechanical instrumentation of the
root canal, some bacteria still remain in the canal
and dentinal tubules®. For this reason, chemome-
chanical cleansing is often supported by the use of
disinfectants.

Different solution and techniques have been used to
remove the smear layer. Even though NaOCI has a
high solvent action, it cannot remove this
layer'®*®  Sequential use of NaOCl and EDTA
solutions has been recommended to remove the
endodontic smear layer'.

During preparation, insufficient removal of smear
layer material and debris induce stresses on the cut-
ting segment of endodontic instruments®. Their
removal depends not only on irrigation method but
also on the endodontic instrument, the way the
instrument is used and the method of preparation®.
Wesselink™ et al. have compared the cleansing effi-
cacy of crown-down pressureless, a balanced-forced
and a traditional step-back technique. Several stud-
ies have shown the inability of conventional or modi-
fied K-type files to remove smear layer material and
debris when using step-back technique and NaOCl
as irrigants. Recently, some studies on cleansing effi-
cacy of engine-driven Ni-Ti files were reported.
Bertrand® et al. reported that the Quantec™ rotary
system produced cleaner canal wall than convention-
al manual instrumentation in study determining of
ability of the Quantec™ Series 2000 rotary Ni-Ti
endodontic system to remove dentinal smear layer
and debris produced during canal preparation, but
Bechelli'” et al suggested that the choice between
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hand and LightSpeed™ instrumentation should be
based on factors other than the amount of root canal
debridement, which does not vary significantly
according to the instruments used. These studies on
cleansing efficacy of engine-driven Ni-Ti files did not
referred to use of lubricants. But, engine-driven Ni-
Ti file must be used with lubricants in the root canal,
because of stress induced on instrumentation proce-
dure. The marketed products such as RC-PREP™,
Glyde™ was applied into the root canal as lubricants
in this study. RC-PREP™ contains Ethylenediam-
inetetraacetic acid(EDTA) and urea peroxide in a
water soluble glycol base. Glyde™ is combination of
Ethylenediaminetetraacetic acid(EDTA) and car-
bamide peroxide in a water soluble base. RC-PREP™
and Glyde™ have been used for the both purposes of
lubrication and root canal conditioning. In this study,
the specimens of control group prepared without
lubricants showed heavy smear layer, and in only
one specimen of control group, smear free surface of
score 3 level was examined. Score 4 level occupied
the highest percentage in smear layer scores of con-
trol group. But, in the specimens of experiment
group 1 and 2 prepared with lubricants, smear layer
was very thin, dentinal tubules were visible, and lit-
tle heavy smear layer was examined. Score 2 level
occupied the highest percentage in smear layer scores
of experimental group 1 and 2. It is seemed that
lubricants containing EDTA can induce decalcifica-
tion of root canal wall and dissolve the smear layer
during canal preparation. The mean value of smear
layer scores in experimental group 1 and 2 was 2.08,
therefore, lubricants seemed to remove smear layer of
about 50% and above. For these results, in study
concerning cleansing efficacy of engine-driven Ni-Ti
file, the effect of lubricant on removal of smear layer
during canal preparation should be considered.

The use of RC-PREP™ compared with Glyde™ was
associated with lesser degree of smear layer removal
in middle third and apical third on the root canal
wall, but this difference was not statistically signifi-
cant.

Looking at different regions of the canal, residual
smear layer was more evident in apical third than
middle third. Only in experimental group 1 and 2
prepared using lubricants without 17% EDTA solu-
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tion, however, this difference was significant. The
majority of studies concerning cleansing efficacy have
concluded that smear layer was always more abun-
dant in apical third™#3"

The experimental group 3 and 4 prepared using
lubricants with 17% EDTA solution showed smear
layer-free surface throughout the whole root canal
wall. The mean value of smear layer scores in experi-
mental group 3 and 4 was 1.13, therefore, smear
layer of about 75% and above seemed to be removed.
There were highly significant statistical differences
between the experimental groups prepared using
lubricants with 17% EDTA solution and the experi-
mental groups prepared using lubricants without
17% EDTA solution. The results showed that use of
lubricants with 17% EDTA solution more effective in
removing smear layer than use of only lubricants.

V. CONCLUSION

This study evaluated the effect of lubricants in
removing the smear layer on canal enlargement with
engine-driven Ni-Ti files. In this study, seventy-five
teeth were randomly divided into 5 groups of 15
each, according to the lubricants used on each group.
The teeth of the control group were prepared without
the lubricants . In experimental group 1, the teeth
were prepared with RC-PREP™ as a lubricant, and
in experimental group 2, the teeth were prepared
with Glyde™. The specimens of groups 3 and 4 were
prepared with same lubricants, respectively as
groups 1 and 2, and then soaked in 17% EDTA solu-
tion. The middle third and apical third of the root
canal wall were examined using a scanning electron
microscope. Results obtained from the study above
were as follows:

1. The control group showed a greater smear layer
than other experimental groups, and it was statis-
tically significant(p<0.01).

2. Group 2 using Glyde™
of a smear layer than group 1 using RC-PREP™
as a lubricant, but it was not statistically signifi-
cant.

3. Groups 3 and 4 soaked in 17% EDTA solution
showed less of a smear layer than group 1 and 2
using lubricants without EDTA, and it was statis-

as a lubricant showed less

tically significant(p(0.01).

4. The middle third showed less of a smear layer
than apical third in groups 1 and 2 and the differ-
ence was statistically significant(p<0.01). In group
3 and 4, the middle third showed less of a smear
layer than apical third, but it was not statistically
significant.

When the engine-driven Ni-Ti file was used with
lubricants containing EDTA, the efficiency of the
engine-driven Ni-Ti file on removing the smear layer
formed in root canal wall was improved. But, the
efficiency of lubricants in removing the smear layer
was lower than the additional use of 17% EDTA
solution. Therefore, engine-driven Ni-Ti files must be
used in the root canal with lubricants containing
EDTA, and for complete removal of the smear layer,
the root canal wall should be cleaned with 17%
EDTA solution before root canal obturation.

REFERENCES

1. Grossman, L.I.. Endodontic Practice, 9th Edn,
Philadelphia, Lea & Febiger, 1978, 197-236.

2. McComb, D. Smith, D.C.. “A preliminary scanning
electron microscopic study of root canals after endodon-
tic procedures’ Journal of Endodontics 7:238-242, 1975,

3. Bystrom, A. Claesson, R. Sundquist, G.. "The antibac-
terial effect of camphorated paramonochlorophenol
camphorated phenol and calcium hydroxide in treat-
ment of infected root canals’ Endodontics and Dental
Traumatology 1:170-175, 1985.

4. Prati C. et al. “Scanning electron microscopic evalua-
tion of different endodontic procedures on dentine mor-
phology of human teeth” Jowrnal of Endodontics 20:174-
179, 1994.

5. Cunningham, W.T. et al. A comparison of antimicro-
bial effectiveness of endosonic and hand root canal
therapy” Oral Surgery, Oral Medicine, and Oral Pathology
54:238-241, 1982.

6. Martin, H.. “Ultrasonic disinfection of the root canal’
Oral Surgery, Oral Medicine, and Oral Pathology 42:92-99, 1976.

7. Cerneux, M. et al. “The influence of the smear layer on
the sealing ability of canal obturation” Iwternational
Endodontic Journal 20:228-232, 1987.

8. Kennedy, W.A. Walker, W.A. Gough R.W.. “Smear
layer removal effects on apical leakage™ Jowrnal of
Endodontics 12:21-27, 1986.

9. White, R.R. Goldman, M. Sunlin, P.. “The influence of
smear layer upon dentinal tubule penetration by plas-
tic filling materials’ Journal of Endodontics 10:558-562,
1984,

10. White, R.R. Goldman, M. Sunlin, P.. “The influence of
smear layer upon dentinal tubule penetration by plas-
tic filling materials: Part 17 Joarnal of Endodontics
13:385-388, 1985.

11. Baumgartner, J.C. Mader, C.L.. “A scanning electron

213



LHEIX| BLE Z 83| X] Vol 26, No. 3, 2001

12.

13.

14.

15.

16.

17.

18.

19.

microscopic evaluation of four root canal irrigation reg-
imens” Journal of Endodontics 13:147-157, 1987,

Yamada R.S. et al. "A scanning electron microscopic
comparison of high volume final flush with several irri-
gation solutions: Part 3" Journal of Endodontics 9:187-242,
1983.

Aktener, B.O. Bilkay U.. "Smear layer removal with
different concentrations of EDTA" Journal of Endodontics
19:228-231, 1993.

Wayman, B.E. et al. Citric and lactic acids as root
canal irrigants in vitro Journal of Endodontics 5:258-260,
1979.

Ciucchi B. Khettabi, M. Holz, J.. “The effectiveness of
different endodontic irrigation procedures on the
removal of the smear layer’ International Endodontic Journal
22:21-28, 1989.

Takeda, F.H. et al. "A comparison study of the
removal of smear layer by three endodontic irrigants
and two types of laser” International Endodontic Journal
32:32-39, 1999.

Ahmad, M. Pitt Ford T.R. Crum L.A.. “Ultrasonic
debridement of root canals’ Journal of Endodontics 13:93-
101, 1987.

Cameron, J.A.. “the use of ultrasonics in the removal
of smear layer” Journal of Endodontics 9:289-292, 1983,
Bechelli, C. Colafranceschi, M.. “Scanning electron
microscope study on the efficacy of root canal wall
debridement of hand versus Lightspeed instrument”
International Endodontic Journal 32:484-493, 1999.

20.Gutmann J.L. et al. “Ultrasonic root-end preparation

21.

22.

23.

Part 1. SEM analysis’ International Endodontic Journal
27:318-324, 1994,

Brannstrom, M. Nordenvall, K.J. Glanz P.O.. “The
effect of EDTA-containing surface-active solutions on
the morphology of prepared dentin' an in vivo study’
Journal of Dental Research 59:1127-1131, 1980.
Czonstkowsky, M. Wilson E.G. Holstein F.A.. “The
smear layer in endodontics’ Dental Clinics of North America
34:13-25, 1990.

Bergenholtz, G.. "Effect of bacterial products on
inflammatory reactions in the dental pulp Scwdinavian
Journal of Dental Research 85-122-129, 1977.

214

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

317.

Bergenholtz, G.. "Inflammatory response of the dental
pulp to bacterial penetration” Jowrnal of Endodontics
7:100-104, 1981.

Mjor, J.A. Transtad, L.. "Experimentally induced pul-
pitis” Oral Surgery, Oral Medicine, and Oral Pathology 34:102-
108, 1972.

Pashley D.H. Livingston, M.J.. “Effect of molecular
size on permeability coefficients in human dentine’
Archieves of Oral Biology 33:265-270, 1978.

Uitto, V.J. et al. Degradation of basement membrane
collagen by protease from some anaerobic microorgan-
ism" Oral Microbiology and Immunology 3:97-102, 1988,
Brannstrom, M.. “Smear layer: Pathological and
Treatment Considerations” Operative Dentistry Supply 3:35-
42, 1984.

Baker, M.C.. "Ultrasonic compared with hand instru-
mentation” Journal of Endodontics 14:435-442., 1988,
Bystrom, A. Sundgvist G.. “The antibacterial action of
the effect of 0.5% sodium hypochlorite in endodontic
therapy™ International Endodontic Journal 18:35-40, 1985
Goldman, L.B.. et al. "The efficacy of several irrigating
solutions for endodontics’ Ora/ Surgery, Oral Medicine, and
Oral Pathology 52:197-204, 1981.

Bertrand, M.F. et al. “The removal of the smear layer
using Quantec system’ [International Endodontic Journal
32:217-224, 1999.

Wesselink, P.R, Wu, M.K.. "Efficacy of three tech-
niques in cleansing the apical portion of curved root
canals’ Oral Surgery, Oral Medicine, and Oral Pathology 4:492-
496, 1995.

Berg, M.S. et al. “A comparison of five irrigating solu-
tion" Journal of Endodontics 12:192-197, 1986.

Peters, O.A. Barbakow, F.. “Effects of irrigation on
debris and smear layer on canal walls prepared by two
rotary techniques’ Journal of Endodontics 1:6-10, 2000.
Perz. F. et al. "Migration of Streptococcus Sanguis
strain through root dental tubule” Joarnal of Endodontics
19:297-301, 1993.

Sen, B.E. Wesselink. P.R. Turkun. M.. “The smear
layer: a phenomenon in root canal therapy International
Eudodontic Journal 28:141-148, 1995,



