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Relative efficacy of three Ni-Ti file systems used by undergraduates

Hyeon-Cheol Kim, Jeong-Kil Park, Bock Hur*

Department of Conservative Dentistry, College of Dentistry, Pusan National University

The purpose of this study was to compare and evaluate the shaping ability of the three different

Ni-Ti file systems used by undergraduate students.

Fifty undergraduate students prepared 150 simulated curved root canals in resin blocks with three

Ni-Ti file systems - ProFile� (PF), Manual ProTaper� (MPT), Rotary ProTaper� (RPT). Every stu-

dent prepared 3 simulated root canals with each system respectively. After root canal preparation,

the Ni-Ti files were evaluated for distortion or breakage. Assessments were made according to the

presence of various types of canal aberrations. The pre- and post-instrumented canal images were

attained and superimposed. The instrumented root canal width were measured and calculated for

the net transportation (deviation) and the centering ratio. 

Under the condition of this study, both ProTaper� systems allowed significantly more removal of

root canal wall than the ProFile� system. In the important other aspects such as the centering ratio,

there was no significant differences between the systems. Novice dental students were able to pre-

pare curved root canals with any kinds of Ni-Ti file systems with little aberration and great conser-

vation of tooth structure. Students want to learn effective methods and at the same time simple

rotary procedures. The rotary ProTaper� systems were one of the most compatible to these students

from the point of view of cutting ability. The ProFile� system was also compatible in safe and gentle

shaping. [J Kor Acad Cons Dent 30(1):38-48, 2005]

Key words : Undergraduates, Ni-Ti file system, Shaping ability, Centering ratio

- received 2004. 12. 24, accepted 2004. 12. 30 -

Ⅰ. Introduction

Three dimensional root canal shaping and its

hermetic obturation are the major elements deter-

mine the predictability of successful endodontics.

In order to facilitate the irrigation process during

the root canal preparation, adequate root canal

shaping is also considered as a key requirement.  

Conventional endodontic files are manufactured

from stainless-steel, and these files have been used

successfully with the concept of step-back prepara-

tion technique. Since the end of 1980’s, files made

of nickel-titanium (Ni-Ti) have become available.

Although hand files made of Ni-Ti are available,

engine-driven rotary Ni-Ti instruments and crown-

down techniques have revolutionized root canal

preparations and are gaining in popularity1).

Numerous studies have shown that Ni-Ti rotary

instruments can effectively produce a well-tapered
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root canal form sufficient for obturation, with mini-

mal risk of transporting the original canal2-5). 

Many Ni-Ti file systems have been introduced to

the market. Most of these Ni-Ti file systems -

e.g. ProFile� (Dentsply Maillefer, Ballaigues,

Switzerland), K3TM (SybronEndo, Glendora, France),

Hero642� (Micromega, Besancon, France) - have a

constant tapered shaft design, while these have

various rake angles and radial land respectively6-8).

The recently developed ProTaper� (Dentsply

Maillefer, Ballaigues, Switzerland) has a progres-

sive tapered shaft design9,10). They are manufac-

tured in different sizes from ISO standardization

and each instrument has a variable taper. Pro-

Taper� has two types on the market, the manual

ProTaper� and rotary ProTaper�. The ProFile�

system can be categorized as a passive instru-

ment, while the ProTaper� (manual and rotary)

system works with an active cutting motion10). 

There have been many studies suggesting that

rotary preparation with Ni-Ti instruments has

many advantages over hand preparation with

conventional stainless-steel instruments, both for

experienced and for inexperienced operators5,11,12).

However, few studies13-15) have addressed the

use of Ni-Ti file systems by undergraduates.

Currently no curriculum from any school ade-

quately prepares its students to understand and

practically apply the Ni-Ti file systems16,17). If the

Ni-Ti preparation technique is included in an

undergraduate curriculum, the arising question is

which system would be the most effective.

The purpose of this study was to compare and

evaluate the shaping abilities of three Ni-Ti file

systems (ProFile�, manual ProTaper�, rotary Pro-

Taper�) used by undergraduate students.

Ⅱ. Materials and Methods 

Fifty senior undergraduate students at the

Dental College of Pusan National University

(Busan, Korea) with no practical experience using

Ni-Ti file systems in root canal preparation par-

ticipated in this study. The regular curriculum

instruction in root canal shaping procedures con-

sists of six hours of lecture and eight hours of

model (extracted tooth) exercises with stainless-

steel files. This was the entirety of the students

exposure to the procedures. In addition to the lec-

tures on basic and practical endodontics of the

regular curriculum, the students received two

hours of lecture and watched video about the

three systems used in this study. Respective

instrumentation procedures were demonstrated

before the start of the experiment. 

The students prepared 150 simulated curved

root canals in resin blocks (Endo Training Bloc;

Dentsply Maillefer, Ballaigues, Switzerland)

using the three Ni-Ti file systems - ProFile�

(PF), manual ProTaper� (MPT), rotary ProTaper�

(RPT). Every student prepared three simulated

root canals with each system.

1. Specimen and instrumentation

1-1. Simulated root canals

The simulated root canal blocks used in this

study had a vertical length of 14 ㎜ straightly

from the level of apical foramen to orifice level

and the root canals had about 16 ㎜ of working

length and about 40。curvature angle. Aqueous

red ink was injected into the canals to enhance

the image contrast. These resin blocks were

scanned in a reproducible position with a scanner

(Scanjet�; C8510A, Hewlett-Packard, California,

USA), and then the image data was stored in a

personal computer.

1-2. Instrumentation

All Ni-Ti files used in this study were new ones.

These files were used in the manner of manufac-

turer’s recommendation. The MPT was operated

by hand. Both the PF and RPT were operated by

an electric motor (Tecnika�; ATR, Pistola, Italy)

set at a speed of 300 rpm and torque of 30

(Tecnika motor setting value) in a 16:1 reduction

handpiece. These settings were within the range

suggested by the manufacturer. The instrumenta-

tion sequence of each system is summarized in

Table 1. During the procedures, all simulated

canals were verified the patency, then irrigated

and lubricated with the RC-prep� (Stone Phar-
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maceuticals, Philadelphia, USA) step-by-step.

2. Measurement techniques

2-1. Instrument distortion or breakage

After root canal preparation, the Ni-Ti files

were evaluated for distortion or breakage using a

microscope at 25× magnification (OPMI� pico

Surgical Microscope; Carl Zeiss, Oberkochen,

Germany). 

2-2. Aberrations

After root canal preparation was completed,

aqueous methylene blue solution was injected into

the enlarged canals. The resin blocks were

scanned again in a reproducible position as previ-

ously described. The scanned images were

assessed on a 17 inch TFT-LCD monitor (Sync-

Master� CX701N; Samsung, Suwon, Korea) using

Adobe� Photoshop ver.7.0 (Adobe, San Jose,

California, USA). Assessments were made accord-

ing to the presence of various types of canal aber-

rations such as apical zip, elbow and ledge. 

2-3. Preparation time

Canal preparation time was recorded in minutes

and seconds by each student. The recorded time

included the time for irrigation, changing instru-

ments and recapitulation. 

2-4. Instrumented canal width, net transporta-

tion, and centering ratio 

Using Adobe� Photoshop software, the pre- and

post-instrumented canal images were superim-

posed on one another and were observed at a

magnification of 156 times. Measurements were

taken horizontally at three different levels (1, 3,

and 5 ㎜) from the level of apical foramen. The

levels are selected for evaluation of terminal

point, mid-point, and beginning point of root canal

curvature. 

Widths were measured linearly from the pre-

instrumented point to the post-instrumented wall

inwardly and outwardly at each level. These val-

ues were used to calculate the instrumented canal

width and post-instrumented canal diameter.

The net transportation (deviation) was deter-

mined from the discrepancy between outward and

inward-instrumented width (Figure 1). The direc-

tion of canal transportation was acquired by the

negative or positive value. A negative value indi-

cates an inward deviation.

The centering ratio was computed to evaluate

the movement of root canal’s center after prepa-

ration. The ratio was calculated using the fol-

lowing method: the absolute value of net trans-

portation divided by whole width of the post-

instrumented canal. The centering ratio is a

measure of the ability of the instrument to stay
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Table  1. The instrumentation procedures of the Ni-Ti file systems

ProFile� ProTaper� (manual and rotary)

OS3 to resistance Explorer canal with #10 followed by #15

OS2 to resistance S1 to flare coronal until the depth of #15

.06 #25 to resistance SX for more coronal flaring

.06 #20 to resistance Measure working length

.04 #25 to resistance S1 to working length

Measure working length S2 to working length

.04 #20 to working length F1 to working length

.04 #25 to working length Apical gauging with #20 

.06 #20 to working length F2 to working length

Apical gauging with #25 Apical gauging with #25



centered in the canal; the smaller the ratio, the

better the instrument remained centered in the

canal9,18,19).  

2-5. Questionnaires and Preference

Questionnaires with set questions were not

used. Instead students gave their subjective opin-

ions of each system’s strong points, shortcomings,

and specific difficulties. Each student indicated

which system they preferred. Their preferences

were analyzed. 

3. Statistical analysis

Statistical analysis of the collected data was

performed with SPSSTM version 10.0 (SPSS Inc.,

Chicago, IL, USA). The measured data was first

checked for variance homogeneity by Levene’s

test. When the data had normal distribution,

statistical analysis was performed with ANOVA

and Scheffe test for post-hoc comparison.

Differences revealed in the data were designated

as significant at P < 0.05. When the data did not

have a normal distribution, the nonparametric

Kruskal-Wallis test and Bonferroni procedure

were done.  

Ⅲ. Results

1. Instrument distortion or breakage

There were only two broken files. One ProFile�

.06 #25 and one rotary ProTaper� F1 were frac-

tured by each student. The manual ProTaper�

had no fractures and none of the three systems

had other distortions or deformations. 

2. Aberrations

The resin blocks instrumented with MPT or RPT

had more zips and elbows than those with PF

(Table 2). 

3. Preparation time

The resin blocks that had procedural errors or

other factors interfering with completion (such as

instrument separation, ledge-not negotiated) were

excluded from the samples for statistical analysis.

The time needed for completion for each system is

presented in Table 3. Students required more

time for the entire preparation with the MPT sys-

tem. The nonparametric Kruskal-Wallis test and
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Figure 1. Instrumented canal width and net transp-

ortation. 

Figure 2. Three representative superimposed images

after instrumentation by each Ni-Ti file systems; (Left)

ProFile�, (Mid) manual ProTaper�, (Right) rotary

ProTaper�. The three horizontal lines mean the

measured levels of 1 ㎜, 3 ㎜, and 5 ㎜.

level of
measurement

Outward instrumented width : A

Inward instrumented width : B

Net transportation = A-B



Bonferroni procedure showed statistically signifi-

cant differences between the groups (P < 0.05).  

4. Instrumented canal width, net transporta-

tion, and centering ratio 

Three representative superimposed images of

pre-instrumented and post-instrumented blocks

are presented in Figure 2. 

The instrumented canal widths in the RPT were

significantly larger than those of the PF and MPT

at the 1 ㎜ and 3 ㎜ levels. At the 5 ㎜ level, both

of the ProTaper� systems, MPT and RPT,

enlarged the root canals more than PF (P < 0.05)

(Table 4). 

There were no significant differences between

the two ProTaper� groups in net transportation.

However, the root canals preparated by the two

ProTaper� systems deviated more than the

ProFile� system at the 1 ㎜ and 5 ㎜ levels (P <

0.05). Most of the deviations were inward with

each of the ProTaper� systems having an outward

deviations at the 1 ㎜ level (Table 5). 

The centering ratios at the 1 ㎜ and 3 ㎜ levels

had no significant differences (P > 0.05). The cen-

tering ratio at the 5 ㎜ level was largest in MPT

and the differences between the systems were sig-

nificant (P < 0.05) (Table 6).
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Table 5. The net transportations (㎜) after root canal preparation (mean ± SD)

ProFile� manual ProTaper� rotary ProTaper�

Level 5 ㎜ -0.139 ± 0.070a -0.336 ± 0.098b -0.301 ± 0.093b

Level 3 ㎜ -0.082 ± 0.087 -0.093 ± 0.111 -0.122 ± 0.098

Level 1 ㎜ -0.078 ± 0.077a 0.142 ± 0.154b 0.139 ± 0.152b

Negative value indicates an inward deviation. 
abc Different letter indicates significant differences between the systems (P < 0.05).

Table 2. Incidence of canal aberrations by instrument

types 

ProFile� manual ProTaper� rotary ProTaper�

Zip / Elbow 1 6 5

Ledge 1 2 2

Table 3. The lapse of time for each system (mean ± SD) 

System Sample Preparation time

ProFile� 48 11 min 22 s ± 3 min 39 s

manual ProTaper� 48 20 min 20 s ± 7 min 1 s

rotary ProTaper� 48 8 min 8 s ± 2 min 33 s

Table 4. The instrumented canal width (㎜) after root canal preparation (mean ± SD)

ProFile� manual ProTaper� rotary ProTaper�

Level 5 ㎜ 0.205 ± 0.065a 0.392 ± 0.077b 0.417 ± 0.070b

Level 3 ㎜ 0.174 ± 0.077a 0.305 ± 0.079b 0.346 ± 0.079c

Level 1 ㎜ 0.174 ± 0.075a 0.364 ± 0.148b 0.469 ± 0.109c

abc Different letter indicates significant differences between the systems (P < 0.05).



5. Questionnaires and Preference

Students’responses are summarized in Table 7.

While no students preferred MPT, however, 32

students preferred RPT over PF. Eleven students

cited the length of time it took to operate the

MPT as a disadvantage. Several students cited

each system as being easy to handle (RPT 17, PF

7, and MPT 5). The safety about Ni-Ti file sys-

tem was also mentioned. Five students indicated

that they felt safe during the trial procedure

using PF and one with MPT. However, RPT was

not cited as feeling safe, nine students stated the

anxiety about instrument breakage during use. In

relation to tactile sense, nine students mentioned

that MPT was more conservative than other sys-

tems. Twelve students complained that RPT often

removed material aggressively and showed instru-

ment locking. In using ProTaper� systems (MPT

and RPT), six students complained that F1 and

F2 sequences were more difficult to follow and

resistant than other steps. Similarly 17 students

mentioned that the sequence from .04 #25 to .06

#20 in PF was difficult and resistant. Four stu-

dents felt that the RPT’s cutting ability was bet-

ter and one student felt the same about MPT. 

Finally, we evaluated and compared the simu-

lated root canals instrumented by the two pre-

ferred groups. The 31 simulated canals prepared

by RPT (a student’s sample was excluded because

of file fracture) and 18 canals by PF were evaluat-

ed. The data was analysed by Levene’s test and t-

test or nonparametric Mann-Whitney test. The

statistical results were not different from that of

previously described. 
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Table 6. The centering ratio (mean ± SD)

ProFile� manual ProTaper� rotary ProTaper�

Level 5 ㎜ 0.304 ± 0.139a 0.531 ± 0.122b 0.441 ± 0.119c

Level 3 ㎜ 0.203 ± 0.148 0.198 ± 0.141 0.204 ± 0.128

Level 1 ㎜ 0.192 ± 0.119 0.225 ± 0.161 0.207 ± 0.146

abc Different letter indicates significant differences between the systems (P < 0.05).

Table 7. The summary of questionnaires

Item ProFile� manual ProTaper� rotary ProTaper�

Preference 18 0 32

SSttrroonngg ppooiinnttss ;;

Easy to handle 7 5 17

Feels safe 5 1 -

Efficient cutting - - 4

Preservation of tactile sense - 9 -

SShhoorrttccoommiinnggss ;;

Time wasting - 11 -

Difficult sequence 17 - 6

Aggressive cutting - - 12

Anxiety on instrument separation - - 9

- ; no responses



Ⅳ. Discussion

Rotary Ni-Ti instruments are used efficiently in

root canal treatments throughout the world, but

not by all dentists. It may not be common for

most operators to practice on extracted teeth or

plastic blocks to evaluate the possibilities and

limitations of a new technique, device, or instru-

ment11). Like many clinical practitioners, most

dental students do not have many opportunities

to practice new techniques. The aim of this study

was to evaluate the efficacy of the three Ni-Ti file

systems used by undergraduates.

A survey about the use of rotary Ni-Ti instru-

ments reported that these instruments were used

by 22% of general dentists and 64% of endodon-

tists20). The two main reasons for not using rotary

Ni-Ti were ‘no perceived advantage’and ‘high

fragileness’. The next two most common problems

encountered were ‘binding’and ‘ledging’. On the

other hand, very high proportions of positive

experiences were also noted. 

The main problem inherent in rotary prepara-

tion by inexperienced operators is the risk of

instrument fracture. A study8) that compare the

breakage and distortion of various Ni-Ti file sys-

tems in curved canals reported that the ProFile�

system had statistically significantly more distor-

tions than the ProTaper� system. However, there

was no distortion and little breakage in this

study. The reason might be that the torque con-

trol motors were used for PF and RPT. The low-

torque control motors will reverse the rotation of

the instrument when the instrument is subjected

to stress levels equal to the preset torque value21).

Most manufacturers suggest that the Ni-Ti

instruments should be used about 10 times. The

Ni-Ti files used in this study were new ones, so it

is surmised that there were fewer fractures due to

fatigue or over-use. Instrumentation technique,

instrument design, angle and radius of canal cur-

vature and the torque control motor all have an

influence on the fracture rate of Ni-Ti files21-23).

Strictly, all of these factors do not always seem to

exert an influence on beginners, dissimilarly on

the experienced. 

Statistical analysis of root canal aberrations was

not possible due to the low number of occur-

rences. However, the MPT or RPT had a few more

zips and elbows than the PF. The reason may be

over-uses of F series files in ProTaper� system

which can remove tooth structure excessively

when left in the canal too long with their active

design24). It is therefore of utmost importance to

follow the manufacturer’s instructions and not to

leave the RPT prepare the root canal for longer

than 1 second or not to use the MPT too much

when reaching the desired working length. These

aberrations can be diminished with several pre-

clinical trial uses and following the manufacture’s

instructions. 

In the present study, the RPT took significantly

less instrumentation time than the other systems.

The same results were reported in other stud-

ies25,26) comparing the ProTaper� and other Ni-Ti

rotary file systems. Statistically significant differ-

ences existed between the groups although there

were large deviations in the amount of prepara-

tion time. It is natural that the manually con-

trolled MPT would take longer to use. This was

the reason that no student chose MPT as a pre-

ferred system. This statistically significant differ-

ence is, however, to be interpreted with caution,

as the preparation times were recorded by stu-

dents themselves and the time included not only

actual instrumentation time but also the time for

irrigation, changing instruments and recapitula-

tion. 

Manufacturers present the preservation of tac-

tile sense as an advantage of the MPT system.

However, beginners who had no experience using

rotary file systems or even stainless steel files in

clinical situations could not feel and did not need

tactile sensation from the MPT. For this reason,

they preferred the relatively fast and simple rotary

systems. 

Instrumented canal width simply implicates the

cutting ability of the applied system. In this

study, the canal width formed by MPT or RPT

was significantly larger than that formed by PF.

This seemed to be resulted from the thicker

instrument, especially the F series files, which
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have .07 (F1) or .08 (F2) apical taper in the Pro-

Taper� system. Also, this might have resulted

from the active cutting feature with that both

ProTaper� systems have. 

The studies27) that compared apical transporta-

tion between ProFile� and ProTaper� showed no

statistically significant differences. However, in

present study with the viewpoint of net trans-

portations, all root canals usually deviated

inwardly at all levels with exception of 1 ㎜ level

(the terminal point of the curvature) of MPT and

RPT. At this level both ProTaper� systems had

outward deviations. This tendency may have

resulted from the greater restoring force of the

ProTaper� file on the outer curve and the dimin-

ished super-elastic property of Ni-Ti due to the

thick end of the ProTaper�, especially in F series

files. 

In centering ratio, there were significant differ-

ences at the only level of 5 ㎜ between the sys-

tems and PF had the better centering ability than

the other two groups at 5 ㎜ level. Nevertheless,

the centering ratios were not significantly differ-

ent between the groups in level 1 ㎜ and 3 ㎜. The

results of the centering ratio can be used as an

index for the capability of the instrument to stay

centered in the canal. The centering ratio was

used as one of the most important qualitative

evaluations of the present study. In narrow and

curved root canals, the coronal canals must be

enlarged to facilitate access to the apical canal

and obturation. The centering ratios at the 5 ㎜

level indicate that both ProTaper� systems did

not remain centered at the measured level of

canal. Nevertheless, from the viewpoint of coronal

flaring and obturation facilitation, the ProTaper�

system can easily provide straight access to api-

cally and larger apical sizes. 

That no student preferred MPT was beyond

expectation. Students’responses indicated that

the RPT cut more canal wall more quickly than

the PF did, which is in keeping with the previ-

ously cited material. This suggests that the short-

er working time was seen as preferential by the

students. The other advantages of the RPT the

students cited were its ease of handling and effi-

ciency in cutting. 

The constant tapered shaft design has more

flexibility than the progressive tapered shaft

design. And the U-shaped cross section is more

flexible than the triangular cross section9,10). The

students seemed to react to the relatively rougher

feel of the ProTaper� when compared to the Pro-

File�. 

Properly used Ni-Ti file systems enable the user

to finish more predictable root canal instrumenta-

tion and limit procedural errors at the same

time10). Generally, little information is available

regarding the attitude of general dental practi-

tioners towards new endodontic concepts, tech-

niques and instruments, and on how far these

have been incorporated into daily practice28).

Students have less bias towards the instruments

and techniques, but quickly learn to manage the

instrumentation system. The practitioners, how-

ever, who have biased information about the

rotary Ni-Ti instrument initially began to use

these instruments aggressively. This sometimes

ended in breakage and failure of the instru-

ments11). So, it is suggesting that suitable preclin-

ical training should be taken enough in advance

of clinical practice on patients. It is advised to

gain the requisite experience on 20 teeth includ-

ing extracted teeth29).

In this study, the ProFile� system represented a

constant tapered and passive cutting file with

negative rake angle and the recently introduced

ProTaper� system as the only progressive tapered

file on the market represented an active cutting

file. The ProTaper� system is the only product

that has two systems with different usage. Based

on the results, novice operators even the students

can do the root canal preparation with any of the

Ni-Ti systems used in this study. Although the

root canals instrumented using the ProTaper�

systems showed a bit more cutting from a quanti-

tative viewpoint, in the centering ratio of qualita-

tive aspect, there were little differences between

the three systems.   

Based on the comparative report of mathemati-

cal models of ProTaper� and ProFile�, the results

has shown that the ProTaper� model might be
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more indicated for narrow canals and curved

canals during the initial phase of shaping and

that the ProFile� model might be more indicated

for wider canals and curved canals in the final

phase of shaping30). Further investigations such as

hybrid techniques using various Ni-Ti file systems

in the undergraduate students are needed prior to

integrate the Ni-Ti file systems to regular under-

graduate curriculum. 

Ⅴ. Conclusions

Under the condition of this study, both Pro-

Taper� systems allowed significantly more removal

of root canal wall than the ProFile� system. In

the important other aspects such as the centering

ratio, there was no significant differences between

the systems.

Senior dental students were able to prepare curved

root canals with any Ni-Ti file systems with little

aberration and great conservation of tooth struc-

ture. Students want to learn effective methods

and at the same time simple rotary procedures.

The rotary ProTaper� systems were one of the

most compatible to these students from the point

of view of cutting ability. The ProFile� system

was also compatible in safe and gentle shaping. 
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학생들이 사용한 세 종류 Ni-Ti file systems의 근관성형 효율 비교

김현철ㆍ박정길ㆍ허 복*

부산대학교 치과대학 치과보존학교실

이 연구의 목적은 Ni-Ti file을 사용한 경험이 없는 학생들이 세 종류 Ni-Ti file systems을 사용하였을 때 근관

형성 효율을 비교하는 것이다.

Ni-Ti file의 사용 경험이 없는 부산대학교 치과대학 4학년 학생 50명이 세 종류의 Ni-Ti file systems -

ProFile� (PF; Dentsply Maillefer, Ballaigues, Switzerland), manual ProTaper� (MPT; Dentsply

Maillefer, Ballaigues, Switzerland), rotary ProTaper� (RPT; Dentsply Maillefer, Ballaigues,

Switzerland) -을 사용하여 각 system으로 하나의 근관씩, 모두 150개의 레진 블락 근관모형(Endo Training

Bloc; Dentsply Maillefer, Ballaigues, Switzerland)을 형성하였다. 근관형성에 사용된 file의 파절이나 변형

및 근관형성 후 형태의 이상을 조사하고, 스캐너로 근관 형성 전후의 이미지를 채득하여 중첩 비교함으로써 근단부

로부터 1 ㎜, 3 ㎜, 그리고 5 ㎜ 높이에서의 삭제된 근관의 폭경, 근관의 변위량, 그리고 중심변위율 등을 산출하고

통계학적 비교 분석을 하였다. 그리고 세 가지 systems에 관한 학생들의 주관적인 선호도를 조사하였다. 

그 결과 졸업을 앞둔 치과대학 재학생들도 특별한 문제점 없이 세 가지 Ni-Ti file systems을 사용한 근관형성이

가능함을 확인하였다. 세 실험군을 비교하였을 때, 양적인 삭제 능력은 두 ProTaper� systems (manual and

rotary)이 ProFile�에 비해 우세하였지만, 근관의 변위는 두 ProTaper� systems에서 더 많이 유발되었다. 근관

중심 이동률 등의 질적 평가를 포함하여 학생들의 선호도를 종합적으로 고려할 때, 삭제 능력에 있어서는 rotary

ProTaper�가 더 효율적이지만 안전성을 고려하면 ProFile�도 추천된다. 정규 교육과정에 Ni-Ti file systems의

도입을 위해서 초심자와 관련한 더 많은 연구가 진행되어야 하겠다.

주요어 : 학생, 니켈-티타늄 파일, 성형 능력, 중심 변위율
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