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Ⅰ. INTRODUCTION

The smear layer was first described by McComb

in a scanning electron microscope (SEM) study1).

The smear layer consists of organic and inorganic

substances, including fragments of odontoblastic

processes, dentinal shaving, microorganisms, and

necrotic materials. Presence of this smear layer

prevents penetration of intracanal medication into

the irregularities of the root canal system and the

dentinal tubules and also prevents complete adap-

tation of obturation materials to the prepared root

canal surfaces2). Its removal calls for a combina-

tion of irrigating solutions as, presently, one solu-

tion cannot dissolve both organic and inorganic

debris3). Upon the completion of instrumentation,

a high volume final flush with ethylene diamine

tetra-acetic acid (EDTA) solution followed by

NaOCl was found to be most effective in removing
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superficial debris and smear layer from root canal

walls4).

Studies5,6) have shown a significant increase in

adhesive strength and resistance to microleakage

of AH26 sealer when the smear layer was

removed. Gettleman et al.5) reported that they did

not find any changes in adhesive strengths when

Sultan and Sealapex sealers were evaluated with

or without the smear layer intact. Several investi-

gators6-12) have shown less dye leakage after

removal of the smear layer, with various obtura-

tion techniques and root canal sealers. 

Other investigators have reported that the

removal of the smear layer did not have any sig-

nificant effect on microleakage of root canals

using various sealers and obturation techni-

ques13-16). 

In contrast to these findings Timpawat et al.17-18)

have reported that removal of the smear layer

have adverse effects on microleakage of filled root

canals.

A mixture of a tetracycline isomer, an acid, and

detergent (MTAD) is known as an effective solu-

tion for the removal of the smear layer and does

not significantly change the structure of the

dentinal tubules when canals are irrigated with

sodium hypochlorite and followed with a final

rinse of MTAD19).

The purpose of this study was to evaluate the

effect of newly developed endodontic root canal

cleanser on the apical leakage of obturated root

canal using an electrochemical method.

Ⅱ. MATERIALS AND METHODS

Sixty non-carious human mature extracted max-

illary or mandibular anterior teeth or premolars

with a single root canal and a closed apex were

distributed randomly into five groups of 12 teeth

each. After preparing a conventional access

preparation for each tooth, a K-type file (size 10

or 15) was used to determine the working length

by penetrating the apical foramen and pulling

back into the clinical apical foramen. Whilst

cleaning and shaping up to a size 40 master api-

cal file with a crown-down technique and Rotary

0.04 and 0.06 Taper Profile (Profile, Dentsply-

Maillefer, Switzerland), the root canals were irri-

gated with 2 ㎖ of 5.25% or 1.3% NaOCl in each

group between each file size. 17% EDTA(REDTA,

Roth International Ldt, Chicago, USA), 5.25%

NaOCl or MTAD were used as a canal wall treat-

ment. A total of 10 ㎖ of irrigant was used in each

root canal. The irrigant was delivered with a 27

gauge plastic needle (Capillary Tips, Ultradent

product Inc., South Jordan, USA) reaching to

within 1-2 ㎜ from the working length in each

canal. 

5.25% NaOCl was used as a canal irrigant in

twelve teeth. After canal shaping and cleaning,

root canals were obturated with only gutta-per-

cha. These teeth were used as Group 1 (G1) or

positive control group. In Group 2 (G2) or nega-

tive control group, root canals were also irrigated

with 5.25% NaOCl and obturated with gutta-per-

cha and AH plus. After that, apical portion of the

roots was sealed with sticky wax. In Group 3

(G3), only 5.25% NaOCl was used as a canal irri-

gant, canal wall treatment and final rinse. In

Group 4 (G4), specimens were irrigated with

5.25% NaOCl, treated with 5 ㎖ of 17% EDTA for

5 minutes and final rinsed with 5.25% NaOCl.

Specimens of Group 5 (G5) were irrigated with

1.3% NaOCl and treated with 5 ㎖ of MTAD for 5

minutes. Summary of the use of canal irrigation

solution was presented in table 1.

All root canals were dried with paper points and

obtuated with gutta-percha and AH plus (AH

plus, Dentsply, York, USA) as a sealer using a

continuous wave of condensation technique except

in the group 1. All roots were stored at 100%

humidity for 1 day.

For all the specimens, the coronal gutta-percha

was removed with #2 or #3 Gate Glidden burs

and the apical 8 ㎜ of root canal filling was left.

This was confirmed radiographically. Copper wire

was inserted into the canals as experimental elec-

trodes in contact with the remaining gutta-per-

cha. They were secured in place with sticky wax.

The roots were coated with a triple layer of nail-

polish except apical 8 ㎜ in group 1, 3, 4 and 5.

In the group 2, after root canal obturation, apical
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portion of root was covered with sticky wax and

nail varnish was coated over all tooth surfaces

including the sticky wax three times.

All the specimens were placed in the bottles.

The copper wire as an experimental electrode was

fixed in the canal and extended to the outside of

the bottle cap. The stainless steel wire as a stan-

dard electrode was located at the center of the

bottle as like in Park et al’s study20) (Figure 1). A

0.9% NaCl solution as an electrolyte was placed

in the bottle until the apical 8 ㎜ of the roots was

covered.

The electrical resistance between the standard

and experimental electrode was measured over a

period of 10 days using a multitester (Radio-

Shack, Digital Multimeter, USA). On the first

days, the electric resistance was measured at

baseline and then at 0.5, 1, 2, 4, 6, 9 and 12

hour. The resistance was then measured at 24

hour and then once a day for 10 days.

A Kruskal-Wallis one-way analysis method was

used along with the Student-Newman-Keuls

method for mutilple comparison procedures. 

Ⅲ. RESULTS

Increasing apical leakage with time was

observed for all the groups.

Group 4 and 5 showed lower apical leakage than

group 3 but there were no statistically significant
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Table  1. Irrigating solutions and obturation materials used in control and experimental groups

Group Specimen Irrigation and rinsing agents Obturation

Group 1
12 5.25% NaOCl Gutta-percha only

(positive control)

Group 2 
12 5.25% NaOCl

Gutta-percha, AH plus, 

(negative control) and sticky wax

Group 3 12 5.25% NaOCl Gutta-percha and AH plus

5.25% NaOCl and treated with 

Group 4 12 5 ㎖ of 17% EDTA for 5 minutes and Gutta-percha and AH plus

final rinsed with 5.25% NaOCl

Canal irrigation with 1.3% 

Group 5 12 NaOCl, treated with 5 ㎖ Gutta-percha and AH plus

of MTAD for 5 minutes

Figure 1. A schematic drawing of test system. Figure 2. Variation of apical leakage of groups with time.



differences between the group 3, 4 and 5 at any

measurement time.

The differences between the groups are outlined

in Figure 2 and the detailed data are provided in

Table 2.

Ⅳ. DISCUSSION

Kennedy et al.7) reported that removal of smear

layer reduced apical leakage when using chloro-

form-softened master cones with sealer and a lat-

eral condensation technique. They described that

several factors such as improved mechanical lock-

ing of sealer into patent tubules, better adhesion

to cleaner canal walls, and greater canal wall

sealing surface area might be responsible for this

reduced apical leakage. In this study, the apical

leakage of group 5 was lowest except group 2

(negative control group). Group 4 and 5 had less

apical leakage than group 3. But differences

between the group 3, 4 and 5 were not statistical-

ly significant. Based on the above results, the

removal of smear layer was not thought to affect

the apical leakage and MTAD may have better

effect on the apical leakage than EDTA. In

Karagoz-Kucukay’s study11), comparison of the

groups with smear layer present versus those

with smear layer removed showed a highly signifi-

cant difference, with the incidence of leakage

reduced in the absence of the smear layer. In this

study, there was no statistically significant differ-

ence between the group with smear layer and the

groups without smear layer in the aspect of quan-

titative measurement. 

Baumgartner et al.21) evaluated the amount of

superficial debris and the smear layer that

remained on the canal wall following a combina-

tion of NaOCl and 50% citric acid. They showed

that citric acid or a combination of NaOCl and

citric acid irrespective of the order in which they

were used was more effective than NaOCl alone

to remove the smear layer from the surface of
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Table  1. Mean apical leakage (MΪ-1) and standard deviation of groups

hour
Group 1 Group 2 Group 3 Group 4 Group 5

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

0 0 0 0 0 0 0 0 0 0 0

0.5 2.88 1.09 0 0 0.32 0.06 0.18 0.05 0.06 0.03

1 3.57 2.01 0 0 0.65 0.11 0.33 0.11 0.13 0.04

2 4.21 1.13 0 0 0.89 0.54 0.64 0.08 0.17 0.09

4 5.04 2.45 0 0 1.09 0.28 0.81 0.13 0.29 0.24

6 5.42 1.99 0 0 1.76 0.39 0.83 0.15 0.44 0.16

9 6.56 0.58 0 0 2.23 0.56 1.29 0.97 0.67 0.34

12 6.78 1.23 0 0 2.57 0.61 1.50 0.54 0.91 0.26

24 6.63 2.34 0 0 2.85 0.70 2.01 0.72 0.94 0.38

48 6.81 1.57 0 0 3.02 1.41 2.17 0.17 1.44 0.16

72 6.87 0.82 0 0 3.14 0.93 2.43 0.09 1.70 0.35

96 6.94 2.04 0 0 3.16 0.77 2.68 0.14 2.00 0.34

120 6.80 2.52 0 0 3.35 1.82 2.77 0.53 2.26 0.94

144 6.75 1.85 0 0 3.41 1.03 3.01 0.68 2.51 0.73

168 6.99 1.78 0 0 3.79 1.42 3.03 0.82 2.58 0.31

192 6.83 1.11 0 0 3.83 0.85 3.15 0.93 3.08 1.43

216 6.94 1.76 0 0 3.81 1.07 3.17 0.57 3.11 0.44

240 6.92 3.14 0 0 3.88 0.69 3.16 0.89 3.15 0.53



instrumented canals. Because high concentrations

of NaOCl are more toxic than diluted solutions

and there are no significant differences between

the ability of 1.3%, 2.6% and 5.25% as root canal

irrigants and MTAD as a final rinse to remove the

smear layer22), 1.3% NaOCl during instrumenta-

tion and MTAD as a final rinse was used to

remove the smear layer in Group 5.

In this study, leakage analysis was done for 10

days. Delivanis et al.23) have shown in an electro-

chemical study, that there was a very sharp

increase in the penetration during the first 10

days. A possible reason for this increase may be

that the materials set and become dimensionally

stable because of their hygroscopic and physical

characteristics. Various factors such as anatomi-

cal variations, preparation of teeth, sealers used,

immersion times and methods of evaluating leak-

age may affect the results and may be the reason

for the lack of correlation between similar studies.

Further studies are necessary to evaluate the

long-term apical leakage change and the coronal

leakage change.

REFERENCES

1. McComb D, Smith DC. A preliminary scanning electron
microscopic study of root canals after endodontic proce-
dures. J Endodon 1(7):238-242, 1975.

2. Torabinejad M, Handysides R, Khademi A, Bakland
LK. Clinical implications of the smear layer in
endodontics: a review. Oral Surg Oral Med Oral Path
Oral Radiol Endo 94(6):658-666, 2002. 

3. Baumgartner JC, Mader CL. A scanning electron
microscopic evaluation of four root canal irrigation reg-
imens. J Endodon 13(4):147-157, 1987.

4. Yamada RS, Armas A, Goldman M, Lin PS. A scanning
electron microscopic comparison of a high volume flush
with several irrigating solutions. Part 3. J Endodon
9(4):137-142, 1983.

5. Gettleman BH, Messer HH, ElDeeb ME. Adhesion of
sealer cements to dentin with and without the smear
layer. J Endodon 17(1):15-20, 1991.

6. Economides N, Liolios E, Kolokuris I, Beltes P. Long-
term evaluation of the influence of smear layer removal
on the sealing ability of different sealers. J Endodon
25(2):123-25, 1999.

7. Kennedy WA, Walker WA, Gough RW. Smear layer
removal effects on apical leakage. J Endodon 12(1):21-
27, 1986.

8. Cergneux M, Ciucchi B, Dietschi JM, Holz J. The
influence of the smear layer on the sealing ability of
canal obturation. Int Endod J 20(5):228-232, 1987.

9. Vassiliadis L, Liolios E, Kouvas V, Economides N.
Effect of smear layer on coronal microleakage. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod
82(3):315-320, 1996.

10. Taylor JK, Jeansonne BG, Lemon RR. Coronal leak-
age: Effects of smear layer, obturation technique, and
sealer. J Endodon 23(8):508-512, 1997.
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MTAD의 치근단 누출에 미치는 향에 한 전기화학적 연구

박 동 성

성균관 학교 의과 학 삼성서울병원 치과보존과

본 연구는 새로이 개발된 근관세정제 (MTAD)가 근관 충전이 이루어지고 난 치근단 누출에 미치는 향을 평가

해 보고자 하 다. 

일반적인 방법의 근관 성형과 세정 그리고 충전을 시행하는데 있어 실험군 들에서는 NaOCl만, NaOCl 과

EDTA, NaOCl과 MTAD를 사용하 고 10일 동안 표준전극과 시편 근관 내에 위치시킨 실험전극 사이의 전기저

항을 측정하여 시간에 따른 치근단 누출의 변화를 비교 평가하 다.

실험결과 측정 시간 30분에서 7일 사이에서 smear layer 제거한 군들 (Group 4와 5)에서 제거하지 않은 군

(Group 3)에서 보다 적은 치근단 누출을 보 지만 통계학적인 유의성있는 차이를 나타내지는 않았다. 실험군들

사이에서 모든 시간 에 걸쳐 치근단 누출의 유의성 있는 차이를 관찰할 수 없었다.

주요어: 도말층 (smear layer), 치근단 누출, 전기화학적 연구, 근관 세정액
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