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— ABSTRACT

A STUDY OF WORKING EFFICIENCY AND FILE DEFORMATION
OF GT ROTARY FILE IN CURVED CANALS

Joo-Hee Shin, Seung-Ho Baek, Kwang-Shik Bae, Sung-Sam Lim, Soo-Han Yoon, Byung-Hyun Kim*
Department of conservative dentistry, Gollege of Dentistry, Seoul National University
University of Ulsan College of Medicine, Asan Medical Center*

Root canal preparation process is of utmost importance in successful treatment of root canal. Also, one
of the most important purpose of the root canal preparation is to enlarge the root canal three dimensionally
without changing the curvature of the root canal. However, as the curvature of the root canal increases,
there are many difficulties involved in formation of optimum root canal. Therefore, in order to solve the
above mentioned problems, new developments in methods of root canal preparation and equipments for
such purposes were made. Recently, vigorous studies about newly introduced engine-driven nickel-ti-
tanium rotary file are conducted. As shown in research results to dates, it is well established that the
use of nickel-titanium file is better suited for curved root canal than stainless steel file in maintaining
the curvature of root canal and reducing the deformation of root canal. However, it is also acknowledged
that there are a few discrepancies in research results according to protocol, due to failure to remove vari-
ables in experiments. In addition, although it is recommended by the manufacturer that the GT rotary
file should maintain a low rotational speed of 150~350rpm and Tight pressure as light as not to break
the lead of a pencil, academic studies about the vertical force which is not yet standardized are not, suf-
ficiently explored.

Therefore, this research devised and utilized a special research equipment to standardize the appropriate
range of vertical force for GT rotary file through experiments by breaking of the lead of a pencil as ex-
pressed by the manufacturer and to accurately measure factors involved through repeating and recre-
ating the environment of root canal preparation. Forming nine experimental groups by varying the ver-
tical forces (150g. 220g, 300g) and rpm (150rpm, 250rpm, 350rpm), the effects of changing vertical forces
and rpm on working efficiency were measured in terms of time expended in root canal preparation by
crown-down method using a transparent resin block with 35 degree curvature and GT rotary file (z-test).
The following research using this special research equipment that involved nine experimental groups
and varying the vertical force for root canal preparation from 300g which is within the normal vertical

force range to 700g and 1000g which fall outside the normal rpm range.
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The results were as follows :

1. Analysis of the experiment results revealed that the time spent in root canal preparation decreased as
the vertical forces and rpm increased (p{0.05). Also, the effects of rpm were greater than those of the
vertical forces within the normal vertical force range (f-weight test).

2. Observation of the deformation of GT rotary file revealed that deformation increases in a direct corre-
lation with the vertical force increase and in a reverse correlation with the rpm decrease. In the case
of the vertical forces close to the normal range, the probability of GT rotary file deformation were
quite different depending on the rpm changes. In the case of greater vertical forces, the occurrences of
deformation of the file were more frequent regardless of the rpm changes.

3. Deformation and breakage of file were also commonly observed in the expended time measurement
experiments and GT rotary file deformation experiments in which low speed rpm (150rpm) was used

and at the curved portion of the resin block.
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Deformation and breakage of file
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(Lightspeed Tech., U.S.A.), ProFile'” (Maillefer
Co., Swiss), Quantec®(Tycom Co., U.S.A.), GT
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Gt T upRjeto g R 2
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253 9+ GT rotary file2 tipe diameter7h
0.20mm= F¥3M, taper sizex 42 .06, .08, .10,
12890 vl 79 fileZ 3=l 3lelA crown-down W
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handpiece system® Aseptico motor(AEU-20
Aseptico., U.S.A.)® 1/16 reduction contra-an-
gle(NPB BO114593 NSK, Japan)< AH&-3lSiT}.

2. HEEx[o M

GT rotary fileell 93 <Y 24 2HES A E
3] jhE @t AlSsh] Hete A& i
2zt #2339, GT rotary filee =32 (NPB
B0O114593 NSK, Japan) % RE(AEU-20, Aseptico,
U.S.A)el 9all A3d 3Ad £x9 2 EAA
3ldatn, M7 52 AzZE A@AGA] o oz o] Fof
A =2 39t} Fig. 19149} 2ol GT rotary fileo] &
g Jdev A A% 28 (SANYO DENKI Co.,
Japan)¢} 9Z4E E 23 F(Ball Screw) 2} 24254
o] (Linear Motion Guide, LM Guide)l] 3% ¥ o]
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Table 1. Algoll ALSEl oldo| Z&/ U HIZ=F|AL

Type A %3 AF

1. M1A} (Korea)
2. M2A} (Korea)

HB
3. DA} (Korea)
4. TA} (Japan)
1. M1A} (Korea)
B 2. M2A} (Korea)

w

. DAT (Korea)

(M1:53d M2: 240, D:gordd, T:Tombow)

=

2] A 23| Al Al Z2E HB type 4712} B type 37
o} 2E dgd $Y 21& R3] Yt dBAL
2o FYE 2 sga A g e AR 2L
Ae7t FAHEE st 3 gt5o] g43] 571
o2/ e £ JE QA Zol7) Y8l 35 A
A3 S7AZ oY, A3 BA7IAAN ASE S F
Mt 94 shgg 23 o

Table 2= 48 2 atF W& d4slr] A% 4
4 94 A48 295 e

=74 A2} HB type 4% B 34 s150] 459.5¢
ooz veltonl B typed] A% 349.5g o149
HAE e Bl vyt old mtel GT rotary file
A3 A oM 43 28 3 sk " E 350g ©IW
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4. Crown-down & 0|83t ZUsHMA| 22A71

5%

W 3oM A E 48 2 atF H el uet 43
o o] &4 315 271& 150g3 220g, 300g9] 39AZ
U1 fileo] 3|d £5& GT rotary file A Z38 AL
FA WY ol £gEE 150rpm, 250rpm¥ 350rpme]
3TARZ Ytk 2884 S+ o 2mm/secol
o] Mol HAHEE st o] gL 7 3H &
TolA Hd 3009 4 3tF HHAE FE3) WHHAA
o HEjo] EAghe Al o] &8 BE sld £x9
A& 283 HFAZ 7 UEF level 3.2 A9

=

Type A 23] A 13l 23] 33 43 - Ky
M14}t (Korea) 426g 490g 480¢g 510g 476.5¢
M2AF (Korea) 432g 480g 504g 422g 459.5¢
HB DA} (Korea) 450g 548g 456g 510g 491.0g
TA} (Japan) 502¢g 528g 402¢g 458¢g 472.5g
M1At (Korea) 448¢g 326g 322g 352¢g 362.0g
B M24} (Korea) 432¢g 396g 316g 330g 368.5¢g
DA} (Korea) 406g 352g 360g 280g 349.5¢
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AA AR AY. o= 5F rpmI} StFA 45 #3
o] 2HFY Azte] AdHEN BZ S e Al &
& 249 A& ujAsly] Agdoltt. GT rotary file ¥
Foll W2 crown-down HPgel 2lgt ZHFA 2] Zlo] W
A= Table 3] veht ot 314 &x9) £ 815
w2} Table 43 7ol 97lle A& AAsg o 2
THZ 10709 g £ A HE TFAAT

i 19] EA Bl #10 K-file(Maillefer Co.,
Swiss) 2 ZH 714 9] patencyE #1d F £8 &4
g o] &3t} Exdd £l & nA3} @37 S8
450 de 2 F9 27G needle s ©| &3l 5
FE FY% 3, OT rotary fileZ blue, red, yellow,
white®] SR Table 3¢l Weld F1hol upe} 2%
B3& A3k el Flaringe .04 taper®] ProFile #20
7 4258 o]-gstlorn, 2 Ao 28 gl
ultl 1mle] THFFE 27G needled ] &3te] Z3HA)
2 g Yz 28 e #3 S A A AT, g 7}
el A8l & 415 K-file2 <9l patencyZ &:3}
St

7 wAY 2P4 Tl Aeehe £4 Hpe 2e
o) slste] 2R, o9 10g o4} $42o] 24
s AZHE A} S LEE o fal] 2HHAT A7

23 TBIAHE 9 fileo] AR Aol

R L& 3l on ZHA Y filed vt He
Azbe AdstdTt. 7t file2 3 949 2334 FY
Foll o) 55 Edta dF FAE AAAH. File
o]} 51 x109 @n|Ae g wAsG o o]
JE filed O o] AMREIR] &skar, o)4de] fle A%

le

Table 3. A7t 2 ™2 st 2THMA GT rotary fileol|

mE Zlolel 2t ey

Feed (mm) filed] &5
crown-down 10 GT rotary file blue (.12 taper #20)
11 red (.10 taper #20)
12 red (.10 taper #20)
13 red (.10 taper #20)
15 yellow (.08 taper #20)
16 yellow (.08 taper #20)
17 yellow (.08 taper #20)
18 white (.06 taper #20)
18.5 white (.06 taper #20)
19 white (.06 taper #20)
flaring 20 .04 taper ProFile #20
#25
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5. GT rotary file2| Ha Al¥

GT rotary file®] A3 34 &x9} 37 shzo] 1)
A5 G2 gotrr] 8t o] AdE& Attt
3A £E& 150rpm™ 250rpm, 350rpme] Al F3ke
2 Urn 7 352 A48 5 WY ol Hlud 2
#2300 38 H9E "od 732 700g, 1000g
< ety file] WE o) A= YFE FrIstA
Crown-down "l 2)3 GT rotary file o] &3+ &
#AZ A QoA 2BFA 2ol 2L Table 59
Ehd vie} Zol AA Al MAHE HHE A et
7 313 H9 Wold B8 AYLS =) ¢gn g
Hol| 2@E o] 7153 Zol7A 2 At 2B
q &5 A 58 & A8 vlsted £ 3% gtol
AReonz AFd dtFol -G 25 3tFH feed
& olol v BA®E udle] ol & 7|22 & oA
AL 2o 72 6588 2mm/sec, 4mm/sec, Smm/sec
2 ek 3 £x9 315, feed S0l W 979
AgFo| Table 69 UeEFSITE.

w19l BEE ARgElen, 2 oA
crown-down ol 93 2RI L Y 49 F

o]

2 gho] 53lof] 24 At 7 gAEE filed 1
3| AME-S o o, ZRHYY F filed] ©E
ARE x109 AnE & AHEsted AMSEA] e filemh
ol v E F& #sled WY DY NEE T}

Table 4. AlZt 58 ZHS o T 97ie| Az

A3 | AP, feed £
z3 {rpm) AR {mm/sec)
P

T1 150 150 2
T2 150 220 2
T3 150 300 2
T4 250 150 2
T5 250 220 2
T6 250 300 2
T7 350 150 2
T8 350 220 2
T9 350 300 2

(Bl E= ; level 3)



Table 5. GT rotary file {3 AlgolMe] 2R M 2lo|

Feed (mm) files} £%

crown-downl11.5  GT rotary file blue (.12 taper #20)

15 red (.10 taper #20)
18 yellow (.08 taper #20)
20 white (.06 taper #20)
flaring 20 .04 taper ProFile #20
#25
6. EAIXNzZ|

7} v Y A8 AT FA L :
& 3 5% el T E AlF e e,
7} 7 B ToAe] 2HFAY 28 =
£ 5l 5% Fodes 22 ¥ .
A A QAR BAE A é?—ES’Jr e S
B 7Val7] Yel f-weight testE Al sk},

F

r:lJ
=
=
_o‘tdt
442
v
&

%
—E
=)

s
8%

Hax

& 2= T1, T2, T3 T2 Table 73 2] filed 34
Hgo] Bt ol

uLoﬂ :st,}z‘ﬂ}d ;—‘}‘ﬁ

i li 150rpm91 k| 2E~ zhe @] ¢

I TN BEE 5 AT s o o]de 2

e YA R LPT L AdStns ol 492
M= 28 Wole BFHA gt

Table 9% 7} A F ¥ AHES] 2AFA A|7te] B

d

oﬁ‘.i_l

GT rotary fleS Of8%F Bh= ZHEMAI &2 28 3 fie W 2o 25t A7

Table 6. GT rotary file t13 Al3olA 2] A&

AT | IRe L feed =

=4 (rpm) @) {mm/sec)
Fi 150 300 2
F2 150 700 4
F3 150 1000 5
F4 250 300 2
Fb 250 700 4
F6 250 1000 5
F7 350 300 2
F8 350 700 4
F9 350 1000 5

(2E] E32 : level 3)

79] sPdo] MAE A2 sEE FEo] B AdH
o] glol o ool THFA ] Evbssileng A
A AN Z
Zt AR TS el z-testE AT AH 95% ©)%
o) Algjed A {of g whak ZHYPH 227 Aol &
EAd
Fig. 2= 4 3153 34 59 Wsle] e 23
B 28RS vehdn, 2N vehd 229 7]
A &wrt oHrOH H] 0}01 3453 A &/\l

Fig. 3€ 13mm °|We AA 77t 13mm ©]4e
A FRAA ] 28 28A7EE vehdT, AA 2

WY 7 34 TR 79.9%004 86.7%9 vl &= 2
3

B 28/ RRES AN AS L 4 A%

ngl_l

2. GT rotary file2| H& A

Table 102 W1 50 oaf AAIH file ¥E T4 A

TS YeRdth 2 AR ES] B E AR ZHE 2ol A3E Jehdth 7o WFo] GT rotary file
BAS HHE 95%2] NS 2k $5310). Table vellowolA &Aooy & Wixg GT rotary
Table 7. Z2H8M £ nlHEE file
ARF aH A% file —a3R 7
T1 1 .04 taper ProFile #20 20 mm
T2 1 GT rotary file white(.06 taper #20) 18.5 mm
T3 1 GT rotary file white(.06 taper #20) 19 mm
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Table 8. Za3 4 F HHo| 2HEE file
k1 A file Al file o#Ig #3
1 ProFile #20 20mm
T1 4 5 GT rotary file yellow 17mm
6 GT rotary file yellow 17mm
7 GT rotary file yellow 17mm
T2 9 2 GT rotary file yellow 17mm
3 GT rotary file white 19mm
1 GT rotary file yellow 15mm
GT rotary file yellow 17mm
3 GT rotary file yellow 15mm
3 g GT rotary file yellow 15mm
6 GT rotary file yellow 16mm
GT rotary file yellow 17mm
7 GT rotary file yellow 17mm
9 GT rotary file yellow 17mm
Table 9. ZHE ZHH ~AZFe] HIAT) file whiteollA] ZASAT. 150rpme] 34 £} 700g
BE LA olde 7 stFo] HEste HATL F29 F32
Cii Ad (@9 ;=) 11.5mme] +2kellA GT rotary file blue®] 237/ 2t
1 5 249953 55 £of 9]'5‘}0‘:1 Eﬂ% %iizﬂol:ﬂeﬂ VAR vkl = 2 7o)
T2 9 17.68+0.70 HEh Aol 27kess .
3 9 16.95+1.03 Fig. 4—.‘5 ﬁlegj A *’%T‘E 52 3t Wglol] M GT
- 0 1661120 rotary flle%l A ¥y Y g Jehla 9%‘:}.
' 1000g9] stEolAM= 250rpm3 350rpme] HEF o
T5 10 15.9240.95 pe s %7 et
i‘; 13 i‘;gi?iﬁ 250rpme) 2 700g¢) S3<014 1000g3 & 2
T8 0 13.4&0'36 P T E BAA 700g9] at5olA _°lUl 3 Fds
o 0 19 71+O.62 —_“%—3'194‘%, 350rpm9| 75+ 300g 6}%—01]7‘17‘3_ﬁ1e94 il
— o] TABIA &k, T00g dFFolAe WY vl o]
(p<0.05)
30 — 25 PasTr——
2s | S . e [en
o SO T e
L . ——— B e
? 10 g 1
s L o s | S —
0 0 — —
150 220 300 150 220 300
5t= (gram) =85 (gram)

Fig. 2. GT rotary file9l 3] &5 3|d &x Hglo] w2

2UY A3
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CT rotary fileE O[S3 017 DHTYA| XY 58 ¥ fle HE HHol Zat AT
Table 10. 3|8 &Eol 7| 5% vistof ME AYT 4 HY WM b (Y, %)
4T
S P FI F2 F3 P4 F5 F6 F7 F8 F9  ##
11.5mm |GT rotary file blue 0 * * 0 0 0 0 0 0 0
14mm |GT rotary file red 0 0 0 0 0 0 0 0
17mm |GT rotary file yellow 100 100 100 100 0 375 62.5 714
19mm  |GT rotary file white 50.0 37.5 62.5 62.5 0 75.0 62.5 50.0
20mm  |.04 ProFile #20 0 0 0 0 0 0 0 0
Flaring |.04 ProFile #25 0 0 0 0 0 0 37.5 53
5Ky 25 22.9 27.1 27.1 0 18.8 27.1 21.1
* #72 £ fileo| w4
50 100
40 80
® 30 y 00
e 40
e 20 W
10 20
7
153 - Om
5 8 % 500y,
«
Fig. 4. 33 &= #4 8% 279 wa 2437 ¥ GT Fig. 5. 3|1 &9} 57 315 o) w2 GT rotary file

rotary file®]

Fig. 6. 3|4 &%
whites] H¥

offf =

000gell Bs}od

iy

AA Jeryt o} Fig. 59 Fig. 62 W
A A E7 28 GT rotary file yellow$t GT ro-

yellows] ¥g A e

tary file white®] 314 &9} 437 3}59 ¥l
1y A BIEE Yehdg, wh3o ZRES A4
5= GT rotary file whitedldE yellowol ®]al
350rpm] 700g & AY3tne WY DA W=} A

Al bkt

B A e v 23S
o crown-down Wi o2 ZHHAL A3t wjo]
85 272 350g oJl9] skEo = A sl s,
o o Uehd e ZIde) W4E wiAs] Yat
of WHEAT APG0] A3 4] 35 2 feed £ SOl
Alol= e ABFAE Lt 015 o] &3l & 3t
F WA A2 AL FHBE filed) 314 £ W
Sho]l ME ZHIGA Y FY &S Ao A
£ GT rotary filee] ®g 3] 3153 A £}

GT rotary filee At2-3}

PN
+7

=72
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9] zte] & viAleta WHALC
o A B AEsigen ¢
B w49 grle o] =RENTP A HAZ WP
o2 QAg3stx it

Fig. 7& & d7& 9?5t WEde HEPAZ ol= A
T 2£E FEA77] Y% BH, Ad F5E 75 A
F 2 Az Agz FPEY. A PERY Fxe
Fig. (AT s 2 ¥g)el vebd o} 2o}, 23
3 Zoldt x e AW THY M FH HA Sxd)
o3 2 =Y o] FE-L LA Aoy o) Az}A
o2 Aojg}, 269 ZEE A71H HA(pulse)ol 2
gl 1.8 92 LY ~HE TEY gA 5L €
ol E o3l & 23K 3 $Hog ALHn
B 2A7E 249 ZH| 3d 255 doyxo A
A FFoz wigely £ o7|A AMEE B A3 79
JA e dmmEAN A= 2AE 0.02mme] 75 @Y=
2o A 3t} YA Hol= A} FHLEE o] &3t
o AoJEeh. Aol A s = H 2o o3 A=)
2% 0.02mm 992 FFo|nE o] HAE A} 7k
HE Algstd 2834 2ol8 Sy, 2ddAd 2
o|7} AR 3 gtol| T8I AR} FFLEE Aoy 2 Al
T EUEUY, Aor|= ZEE 93Adstd 71F YA
2 HEdn

T3 3529 Aol 2xAdA A 5L A=t
o file X SEF 2HToEN MAE 49T Fo
AHE s th =4 5ol Be A7 59| Ao
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