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(Abstract)

Influence of Root Canal Filling Material 
Composed of Mineral Trioxide Aggregate

on Tubular Penetration

Il-seok Song

Department of Conservative Dentistry

Graduate School, Dankook University

Advisor: Prof. Yong-bum Cho

Success of root canal therapy requires a complete obliteration of the root canal 
system. The materials used widely for root canal filling is gutta-percha. A 
bioactive material, MTA (mineral trioxide aggregate) is used for root canal filling 
in some cases. Many researches have been performed to examine the ability of 
endodontic sealers to penetrate into dentinal tubules by a scanning electron 
microscopic analysis. However, little study has been reported on tubular 
penetration of MTA. The purpose of this in vitro study was to examine the 
influence of root canal filling material composed of MTA on tubular penetration.

Fifty recently extracted human single-rooted teeth were used in this experiment. 
The teeth were decrowned at the CEJ. The canals were instrumented to an 
apical ISO size of #40. 2 ml of 5.25% solution of NaOCl were used for 
irrigation prior to the insertion of each instrument. Each root canal was soaked 
with 18% EDTA for smear layer removal for 3 minutes followed by a final 
flush with 1 ml of 5.25% solution of NaOCl and then was dried with paper 
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points. Before obturation, the samples were randomly divided into five groups of 
ten teeth each according to the canal filling materials used. AH-26 sealer and 
gutta-percha were used in group A, as a control group, Angelus Fillapex MTA 
sealer and gutta-percha were used in group B, Portland cement was used in 
group C, OrthoMTA was used in group D, and ProRoot MTA was used in 
group E. After obturation, all groups were stored in 100% humidity at 37℃ for 
3 days in a incubator. Then, each sample was sectioned longitudinally using a 
diamond disc and  placed in a small vial and dehydrated in series of 50-100% 
ethanol solutions for 10 minutes each. The specimens were then dried in a 
dessicator for 24 hours. Specimens were coated with gold-palladium and  
scanned under a scanning electron microscope. The depth of tubular penetration 
was examined through SEM images. A statistic analysis was used to determine 
whether were significant differences among the groups.

Below shows the results of this study.

1. After smear layer removal, particles of Portland cement, OrthoMTA, 
ProRoot MTA groups penetrated into the the dentinal tubules though there are 
some differences.

2. Particles of OrthoMTA groups penetrated into the deepest depth of the 
dentinal tubule among groups with particle type of materials though there were 
no significant differences.

This result might arise a considerable clinical interest because it concerns the 
bioactive properties, adaptation and sealing ability of the obturating materials.

Key words: MTA, Tubular penetration, SEM study



- iii -

Acknowledgements

I would like to thank the Department of Conservative Dentistry of Dankook 
University, especially Prof. Yong-bum Cho for the essential technical assistance 
and advices in this study with his high level of expertise. Prof. Chan-ui Hong 
and Prof. Dong-hoon Shin also deserve my gratitude for their continuous interest 
and encouragement.

I am extremely grateful to my mates, Seung-ryong Kim and Yun-hee Kim for 
the benefits and supports I received from them during a postgraduate dental 
training course. They were a tower of strength for me. I also appreciate the 
great supports of the members of conservative dentistry, Kyung-youl Kang, 
Young-sil Yoo, Hyo-jin Hwang, Soo-jung Park, Ki-young Ryu, Eung-kyung Lee. 
I want to express my deepest gratitude to clinical professor, Ho-jin Moon and 
my firm friend, Jun-sang Cho for helping me to complete my master's thesis. 
My lover, Eun-ji Lee also deserves my gratitude for offering words of 
encouragement.

For the last time, I owe a debt of gratitude to my family.



- iv -

Contents

Abstract ······················································································································· ⅰ
Acknowledgements ······································································································ ⅲ
Contents ························································································································ ⅳ
List of Tables ·············································································································· ⅴ
List of Figures ············································································································· ⅵ
Ⅰ. Introduction ···········································································································  1
Ⅱ. Materials and methods ·························································································  3
Ⅲ. Results ···················································································································  8
Ⅳ. Discussion ·············································································································· 17
Ⅴ. Conclusion ············································································································· 21
References ···················································································································· 22
Abstract in Korean ······································································································ 26



- v -

List of Tables

Table 1. Materials used for the experiment ··························································  4
Table 2. Depth of tubular penetration (μm) ····························································  8
Table 3. Percentage of penetrated tubules (%) ······················································· 15



- vi -

List of Figures

Fig. 1. Dentin surface of a specimen before obturation. ·······································  4
Fig. 2. Periapical radiographs of all groups after obturation. ·······························  6
Fig. 3. Minimum and maximum depth of tubular penetration in each group (μm).
······································································································································  8
Fig. 4. Average depth of tubular penetration in each group (μm). ·····················  9
Fig. 5. Longitudinal view of a specimen from group A. ····································· 10
Fig. 6. Frontal view of a specimen from group A. ·············································· 10
Fig. 7. Longitudinal view of a specimen from group B. ····································· 11
Fig. 8. Frontal view of a specimen from group B. ··············································· 11
Fig. 9. Longitudinal view of a specimen from group C. ····································· 12
Fig. 10. Longitudinal view of a specimen from group D. ··································· 13
Fig. 11. Longitudinal view of a specimen from group D. ··································· 14
Fig. 12. The percentage of penetrated tubules in different groups. ····················· 15



- 1 -

I. Introduction
 

Success of root canal therapy requires complete obliteration of the root canal 
system. Since the majority of endodontic failures have been attributed to 
incomplete obturation1), it is necessary to use materials which will be able to 
create a perfect seal between the root canal system and the periapical tissues.

Gutta-percha, introduced by Bowman in 18672), and investigated by Price in 
19183), has been used widely for canal filling materials. Gutta-percha has many 
advantages such as dimensional stability, inertness, good sealing ability, 
thermoplastic properties, limited toxicity, easy sterilization, inhibition of bacterial 
growth, radiopaque. Moreover, it can be easily retrieved if necessary. But it is 
hard to feel ‘tug-back’ sensation because of its low hardness, and it needs an 
additional material, a sealer, because of its non-adhesive property to the canal 
wall. It can also be easily deformed by pressure.

Mineral trioxide aggregate (MTA) was introduced in Dentistry in 19934). It was 
recommended initially as a root-end filling material and subsequently has been 
used for pulp capping, pulpotomy, apexogenesis, apical barrier formation in teeth 
with open apexes, repair of root perforations, and as a root canal filling material. 
MTA has been recognized as a bioactive material5) that is hard tissue 
conductive6), hard tissue inductive, and biocompatible. Several reviews have been 
published about MTA’s chemical properties, biocompatibility, and clinical 
applications7-9).
It had been observed that a smear layer forms on the root canal wall after 
endodontic instrumentation10) and this acts as a barrier for the adaptation and 
penetration of root canal sealers into dentinal tubules11,12). The clinical importance 
of smear layer removal is not yet known, but it has been concluded that, with 
its removal, the interface between sealer and root canal dentine may be 
increased, with the penetration of sealers into dentinal tubules, and in turn, 
microleakage may be reduced11). Futhermore, the retention of filling materials 
might be improved by this mechanical locking13).
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Many researches have been performed to examine the ability of endodontic 
sealers to penetrate into dentinal tubules by a scanning electron microscopic 
analysis10,12,14,15). However, little study has been reported on tubular penetration of 
MTA. The purpose of this in vitro study was to examine the influence of root 
canal filling material composed of MTA on tubular penetration.
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II. Materials and methods

A total of fifty recently extracted human single-rooted teeth with straight 
canals were used in this experiment. All teeth were stored in 0.1% thymol 
solution following extraction. No data regarding age, sex, or reason for extraction 
were available. Care was taken to select teeth that were at least 18-mm-long and 
without caries, root fissures, or fractures. To facilitate instrumentation, the teeth 
were decrowned at the cementoenamel junction using a model trimmer under 
running water. After removal of the pulp tissues remnants by a barbed broaches, 
a #15 K-type file (Dentsply Maillefer, Ballaigues, Switzerland) was inserted into 
each root canal until it could be seen at the apical foramen. The working length 
was determinated by reducing this length by 1 mm. The teeth were cleaned and 
shaped using Protaper and ProFile rotary instrumentation (Tulsa Dentsply, Tulsa, 
OK). The root canals were instrumented using a combination of the passive 
step-back technique and stainless steel Flexofiles® (Dentsply Maillefer, 
Ballaigues, Switzerland), Protaper, ProFile (Tulsa Dentsply, Tulsa, OK) and Gates 
Glidden burs (#6, #5, #4, #3) to an apical ISO size of #40. 2 ml of 5.25% 
solution of sodium hypochlorite were used for irrigation prior to the insertion of 
each instrument using a syringe and a 27-gauge needle. Each root canal was 
soaked with 18% EDTA (ethylenediaminetetraacetic acid) for smear layer removal 
(Fig. 1) for three minutes followed by a final flush with 1 ml of 5.25% solution 
of sodium hypochlorite, and then was dried with paper points. Before obturation, 
the samples were randomly divided into five groups of ten teeth each according 
to the canal filling materials used (listed in Table 1).
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Fig. 1. Dentin surface of a specimen before obturation.
Note the dentinal tubules are open. (SEM magnification: ×5000).

Table 1. Materials used for the experiment

Group Canal Filling Material Type

A
(control)

AH-26 sealer (Dentsply DeTrey, Konstanz, Germany) + 
Gutta-percha (MetaBiomed, Choongcheongbukdo, Korea)

paste

B
Angelus Fillapex sealer (Angelus, Londrina, Brazil)

  + Gutta-percha
paste

C Portland cement (Hyundai cement, Seoul, Korea) particle

D OrthoMTA  (BioMTA, Seoul, Korea) particle

E ProRoot MTA (Dentsply Maillefer, Ballaigues, Switzerland) particle

In group A, the root canals were obturated using a continuous wave technique  
with AH-26 sealer and gutta-percha as a control group. The coronal access 
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cavity was then sealed with Caviton (GC Corp., Tokyo, Japan).
 Group B was treated in a similar manner to group A except the type of 

sealer. Angelus Fillapex sealer was used in this group. 

Portland cement was used in group C, OrthoMTA was used in group D, and 
ProRoot MTA was used in group E. In group C, D, E, the same obturation 
technique was used. 0.2g powder of each group were placed in vials. Also 0.2 
ml of phosphate-bufferd saline (Thermo Scientific HyClone, Utah, USA) was put 
in the same vials and then mixed together with the powder by using a 
centrifuge. The exccess PBS was dried with a cotton and the mixed paste was 
carried into the canal by using OrthoMTA carrier. The mixture was packed with 
S-Kondenser to the middle third and #25 spreader (Mani, Utsunomiya, Japan) 
was used to push the mixture to the apex. The same procedure was repeated 
until #25 spreader was stuck in the canal tightly. #25 OrthoMTA condensor, a 
rotary engine file,  was put into the root canal until the depth of the measured 
working length, and twisted clockwise passively with 160 rpm, 3.5 torque. The 
procedure was performed repeatedly with a push-and-pull motion. After the 
apical stop － 4mm from the apex － was formed, the coronal portion was 
filled using S-Kondenser (Young OS LLC Obtura Spartan, Fenton, USA). A wet 
cotton was placed at the orifice of the canal and the coronal access cavity was 
sealed with Caviton. One operator performed all the procedures.

After the obturation, all groups were evaluated with digital radiographs using 
EzSensor (Vatech, Kyunggi-do, Korea) to ensure the quality of the obturation 
(Fig. 2) and stored in 100% humidity at 37℃ for 3 days in an incubator.
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Fig. 2. Periapical radiographs of all groups after obturation.

After that, each sample was sectioned longitudinally using a diamond disc 
(Komet, Lemgo, Germany) with a straight-angled low-speed engine while 
constantly irrigating with water in order to prevent overheating. These sections 
were then placed in small vials and dehydrated in series of 50, 60, 70, 80, 90, 
100% ethanol solutions for 10 minutes each. The specimens were then dried in 
a dessicator (Sanpia Dry Keeper, Illinois, USA) for 24 hours. Specimens were 
mounted on a stub, and coated with gold-palladium using an ion sputter (model: 
E-1030, Hitachi High-Technologies Corp., Tokyo,  Japan). All specimens were 
scanned under a scanning electron microscope (model: S-4300, Hitachi 
High-Technologies Corp., Tokyo, Japan). The penetration of filling materials into 
dentinal tubules was examined and an assessment was made as to whether the 
material in the dentinal tubules was canal filling materials or smear plugs by 
comparing it with the bulk of the obturating materials in the root canal. 

All specimens were completely examined and photomicrographs were taken at 
middle third of the root canal  － 6-mm from the apex － with x500, x1000, 
x1500, x3000 magnification. In each sample, five measurements were made 
always in the deepest sealer penetration of the SEM image.
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Statistical analysis was analyzed with one-way ANOVA, followed by a post 
hoc Scheffé test to compare the depth of tubular penetration in each group. The 
program used for statistical analysis was PASW statistics 18 software (IBM 
Corp.., New York, USA). Significance of difference in the depth of tubular 
penetration between each group were accepted at 5% level of confidence.
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Group n Average SD Minimum Maximum
A 50 214.96 55.48 113.34 568.90
B 50 37.71 8.22 13.45 84.80
C 50 2.31 0.81 0 7.41
D 50 13.21 2.23 5.40 22.81
E 50 4.57 1.30 0 11.30

III. Results

The roots of all groups where the smear layer had been removed exhibited the 
penetration of canal filling materials into the dentinal tubules although to varying 
depths (Figs. 3 and 4). The maximum, minimum, average, and standard deviation 
values of the depth of tubular penetrations for each group are listed in Table 2 
in micrometers. 

Table 2. Depth of tubular penetration (μm)

 

Fig. 3. Minimum and maximum depth of tubular penetration in each group 
(μm).
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Fig. 4. Average depth of tubular penetration in each group (μm).

AH-26 sealer, the control group, revealed the deepest depth of tubular 
penetration within a range of 113.34 to 568.90 μm, showing an average value of 
214.96 ± 55.48 μm (Figs. 5 and 6). The second was Angelus Fillapex sealer, a 
paste type of MTA within a range of 13.45 to 84.80 μm, showing an average 
value of 37.71 ± 8.22 μm (Figs. 7 and 8). OrthoMTA group revealed the 
deepest penetration depth among the particle-type groups within a range of 5.40 
to 22.81 μm, showing an average value of 13.21 ± 2.23 μm (Fig. 9). The 
second deepest among the particle-type groups was ProRoot MTA within a range 
of 0 to 11.30 μm, showing an average value of 4.57 ± 1.30 μm (Fig. 10). 
Portland cement revealed the shallowest depth of tubular penetration within a 
range of 0 to 7.41 μm, showing an average value of 2.31 ± 0.81 μm (Fig. 11).
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Fig. 5. Longitudinal view of a specimen from group A. Note the dentinal 
tubules are filled with AH-26 sealer. (SEM magnification: ×1000). S, sealer; D, 
dentin; G, gutta-percha.

Fig. 6. Frontal view of a 
specimen from group A. The 
orifices of the dentinal tubules 
are filled with the sealer (SEM 
magnification: ×1000). S, sealer; 
Dt, dentinal tubule.
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Fig. 7. Longitudinal view of a specimen from group B. Note the dentinal 
tubules are filled with Angelus Fillapex sealer. (SEM magnification: ×1000). S, 
sealer; D, dentin; G, gutta-percha.

Fig. 8. Frontal view of a 
specimen from group B. The 
orifices of the dentinal tubules 
are filled with the sealer (SEM 
magnification: ×1000). S, sealer; 
D, dentin.
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Fig. 9. Longitudinal view of a specimen from group C. Note the dentinal 
tubules nearby the filling material are empty (SEM magnification: ×1000). D, 
dentin; P, Portland cement.
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Fig. 10. Longitudinal view of a specimen from group D. Note the dentinal 
tubules are filled with OrthoMTA (SEM magnification: ×1500). D, dentin; O, 
OrthoMTA.
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Fig. 11. Longitudinal view of a specimen from group D. Note the dentinal 
tubules are filled with ProRoot MTA (SEM magnification: ×1000). D, dentin; Pr, 
ProRoot MTA
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Group Percentages
A 92.74 %
B 77.29 %
C 28.36 %
D 45.30 %
E 39.91 %

Table 3. Percentage of penetrated tubules (%)

Fig. 12. The percentage of penetrated tubules in different groups.

It appeared that not all tubules were penetrated by the obturating materials 
(Fig. 12). AH-26 sealer, the control group, showed the maximum value of 
penetration rate(92.74%). OrthoMTA group showed the maximum value (45.30%) 
among the particle-type groups. The percentages of tubular penetration in each 
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group are listed in Table 3.
 One-way ANOVA was used to compare the depth of tubular penetration in 

each group. The results revealed that AH-26 sealer appeared to have a 
significantly greater penetration depth comparing with the other groups (p=0.000). 
No significant difference was observed between Angelus Fillapex sealer and 
OrthoMTA in the average penetration depth. There were no significant 
differences (p>0.05) in average penetration depth among Portland cement, 
OrthoMTA, ProRoot MTA  groups.
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IV. Discussion

The successive application of EDTA and sodium hypochlorite removed the 
smear layer16,17,18). This allowed all obturating materials to penetrate into the 
dentinal tubules although to different depths. The smear layer associated with 
endodontic instrumentation has received considerable attention since the report by 
McComb and Smith in 197510). Recently, several investigators have evaluated 
various  experimental methods for removing the smear layer16,19). Removal of the 
smear layer is thought to be desirable because it covers the prepared canal 
walls, occludes the dentinal tubules and prevents medicaments and filling 
materials from directly contacting the prepared canal walls as well as their 
penetration into the dentinal tubules. In addition, it forms an undesirable interface 
between the sealer and root canal dentin as studies have shown this layer to be 
quite friable and only loosely adherent to the root canal wall20). Thus, it could 
be detrimental to adequate bonding between the root canal sealers and the root 
dentin. Also, the smear layer itself could contain potentially deleterious necrotic 
tissue and bacterial remnants within its structure. All of the above factors might 
have their potential clinical implications. A sealer which can penetrate into the 
dentinal tubules and exert bactericidal effect may influence the quality of 
treatment. Materials containing antibacterial active ingredients might be more 
effective through a closer contact with isolated bacteria by penetration into the 
dentinal tubules. In addition, since chemical adhesion between dentin and 
different kind of sealers, pastes, plastics or cements cannot be achieved, it has 
been suggested that a mechanical block may be the solution21).

In order to avoid anatomical variations and to obtain standardization for the 
penetration study, the length of the specimens was kept same, instrumentation 
was accomplished with engine-driven Protaper and ProFile rotary instrument, 
irrigation was done with 18% EDTA, 5.25% solution of sodium hypochlorite. 
The obturation was made by using a continuous wave technique in paste-type 
groups. In particle-type groups, #25 OrthoMTA condensor, a rotary engine file 
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was used for obturation.
The fact that the sealer penetration into the dentinal tubules increases the 

interface between the filling material and the dentin might influence the sealing 
ability of the obturation thus reducing microleakage11). All of the above factors 
might consequently influence the outcome or success rate of endodontic therapy.

Under the conditions of this in vitro study, examination with a scanning 
electron microscope (SEM) showed that particles of Portland cement, OrthoMTA, 
ProRoot MTA groups penetrated into the the dentinal tubules after smear layer 
removal with the same result of sealers although to varying depths. The in vivo 
conditions (i.e. humidity, temperature, and the contents of the dentinal tubules) 
may affect the penetration ability and the appearance of the oburating materials 
into the dentinal tubules.

AH-26 sealer, the control group, showed the deepest depth of tubular 
penetration and the second was Angelus Fillapex sealer, a paste type of MTA. 
Root canal filling materials should have low surface activity or an adequate 
surface active reagent in order to be able to penetrate dentinal tubules15). For 
this reason, group A and B, paste-type materials, penetrated deeper into dentinal 
tubules than group C, D, and E, particle-type materials. The significantly 
differences between AH-26 sealer and Angelus Fillapex sealer were due to the 
characteristical difference. It came out that AH-26 sealer was fluid, but Angelus 
Fillapex sealer was solid through SEM images.

OrthoMTA was developed and introduced for orthograde root canal filling with 
fine, high-purified particles in 2009. A particle size of OrthoMTA was smaller 
than those of Portland cement, ProRoot MTA, and particles of OrthoMTA groups 
penetrated the deepest into the dentinal tubule among the particle-type groups. 
However, there were no significant differences between each group. This finding 
shows that the particle size of obturating materials correlates with the depth of 
tubular penetration.

It appeared that not all tubules were penetrated by the obturating meterials. 
The dentinal tubules might not be opened during canal irrigation, and the 
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obturating materials might be separated during procedures of sectioning or 
sputter-coating. Paste-type groups as AH-26 sealer and Angelus Fillapex sealer 
showed higher percentages of penetrated tubules than particle-type groups as 
Portland cement, OrthoMTA, ProRoot MTA. It was observed that paste-type 
groups penetrated deeper into dentinal tubules and had a better adhesion with the 
dentinal tubules compared to particle-type groups.

There are other factors that might be able to influence the capacity of dentinal 
tubule penetration of the obturating material such as: the surface activity of the 
sealers, the contact angle between sealer and the dentinal walls, the diameter of 
the opened dentinal tubules and the employed obturation technique23). The 
humidity, temperature, content of dentinal tubules and also the existence of 
periapical and periodontal tissues may interfere the capacity of penetration of 
filling material into dentinal tissue23). The chemical and physical characteristics of 
the obturating material might affect tubular penetration and adaptation of the 
material to dentinal walls following the removal smear layer12).

The canal area evaluated was the middle third and it was easily observed that 
the tubular penetration was the deepest in this region23,24). This fact may be 
explained by the enough diameter of the dentinal tubule at the middle third of 
the root canal. The diameter of the dentinal tubule at this area is large enough, 
so a clean surface could be obtained after root canal treatment with a chelating 
agent and effective vertical forces could be applied in this area during root canal 
obturation.

The clinician should keep in mind that the use of MTA for orthograde root 
canal filling must be done with caution. Once completely set, MTA is difficult 
to retrieve from the root canal. This may impose surgical intervention even in 
cases where nonsurgical retreatment could have been indicated. It has been 
recognized that for retreatment purpose, apical surgery should be performed only 
as a secondary effort to salvage failed endodontic treatment25). Therefore, it is 
recommended that orthograde canal filling with MTA be limited to selected cases 
only. Such cases may include one-step apexification and situations where future 
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nonsurgical retreatment may not render better tooth prognosis or is nonfeasible.
This study has two limitations. First, the relationship between the sealing 

ability and the tubular penetration of the MTA has not been proved yet.  
Second, this study was performed under in vitro conditions. The in vivo 
conditions may affect the penetration ability and the appearance of the oburating 
materials into the dentinal tubules. Further researches are necessary to support 
the result of this study.
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V. Conclusion

After removing the smear layer, particles of Portland cement, OrthoMTA, 
ProRoot MTA groups penetrated into the dentinal tubules with different 
penetration depths. The material that showed the deepest depth of tubular 
penetration was OrthoMTA among particle-type groups without any significant 
differences. This result might arise a considerable clinical interest because it 
concerns the bioactive properties, adaptation and sealing ability of the obturating 
materials.
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(국문요약)

MTA계 근관충전재가 상아세관의 침투에

미치는 영향

단국대학교 치의학과

송 일 석

지도교수 : 조 용 범

완벽한 근관의 밀폐는 근관 치료의 성공을 위한 중요한 요건 중 하나이다.

현재 일반적으로 사용되는 근관 충전 재료는 gutta-percha이며, 생체 친화적

인 근관 충전 재료로 개발된 MTA가 일부 임상 증례에서 사용되고 있다.

gutta-percha와 함께 사용되는 sealer의 상아세관 내 침투와 관련된 많은 연

구는 보고되고 있으나, MTA의 상아세관 내 침투와 관련된 논문은 거의 없

다. 따라서 이번 연구의 목적은 MTA계 근관충전재가 상아세관의 침투에 미

치는 영향에 대해 알아보는 것이다.

건전한 50개의 사람의 단근치를 이용하여, 치관부는 CEJ까지 삭제하고 근

관을 Profile system으로 #40.06까지 근관 확대, 성형하였다. 다음 기구로 넘

어갈 때마다 2 ml의 5.25% NaOCl로 소독하고, 성형이 다 끝난 후에는 18%

EDTA로 3분간 soaking하였으며, 1 ml의 5.25% NaOCl로 최종 세척하였다.

그리고 무작위로 10개씩 5개의 군으로 분류하였다. A군은 대조군으로써

AH-26 sealer, B군은 Angelus Fillapex MTA sealer, C군은 Portland cement,

D군은 OrthoMTA, E군은 ProRoot MTA를 이용하여 근관충전 시행하였다.

근관충전 시행 후, 37℃, 100% 습도의 incubator에서 3일간 보관하였다. 각

시편을 주수하에 diamond disc를 이용하여 절단하였으며, 50~100% 에탄올

용액에 각 10분씩 탈수시키고, dessicator에서 24시간 동안 건조시켰다. 그 다
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음에 gold-palladium으로 sputter-coating하고, 주사 전자 현미경(S-4300,

Hitachi, Japan)을 이용하여 각 재료들이 dentinal tubule 내로 들어간 깊이를

관찰하였다. One-way ANOVA, Scheffe test를 이용하여 95% 유의 수준으로

통계 분석하였다.

본 연구의 결과는 다음과 같다.

1. 도말층을 제거하고 난 후, Portland cement, OrthoMTA, ProRoot MTA

그룹의 입자들이 정도의 차이는 있지만 상아세관 내로 침투하였다.

2. OrthoMTA 그룹의 입자들이 particle type의 그룹들 중에서 상아세관 내

로 가장 깊이 침투하였다. 하지만 유의한 차이는 없었다.

이러한 결과를 토대로 볼 때, MTA의 생체학적인 성질, 적합, 밀폐 능력과

관련하여 많은 임상적 관심이 증가할 것으로 보인다.

주요어: MTA, 상아세관 침투, 주사전자현미경


