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— Abstract

COMPARATIVE STUDY ON PERCENTAGE OF CANAL ENLARGEMENT AND
CANAL ANGULATION CHANGE BY PRECURVED ENDOSONIC K-FILE

Heuy-Keung Hur, D.D.S., Won-Mann OCh, D.D.S., M.S.D,,
Kyu-Ho Yang, D.D.S., M.S.D., PH.D.
College of Dentistry, Chonnam National Untversity

The purpose of this study was to evaluate canal shaping ability and canal angulation
change of K-file, straight endosonic K-file and precurved endosonic K-file.

Twenty staight canals and thirty curved canals were selected and divided into five groups
according to canals curvature and canal instrumentation method. Ul group was prepared
by straight endosonic K-file and H1 group by K-file in straigt canals. U2 group was instrume-
nted by straight endosonic K-file, U3 group by precurved endosonic K-file and H2 group
by precurved K-file in curved canals.

Radiographs of canals were obtained before and after canal shaping. And postoperative
radiographs were compared with preoperative radiographs using superimposition method.

The results obtained were as follows ;

1. In straight canals, K-file group demonstrated lager percentage of canal enlargement than
endosonic K-file group on facial view, but reverse results exhibit on mesial view.

2. In curved canals, precurved K-file group showed largest percentage of canal enlargement,
followed by precurved endosonic K-fine group and straight endosonic K-file group was
smallest.

3. Percantage of canal enlargement at convex side was greater than at concave side in
apical portion of each group. Especially in straight endosonic K-file group, percantage
of canal enlargement at convex side and concave side showed sharply difference.

4. In angulation change, the straight endosonic K-file group exhibited the greatest its change,
followed by precurved endosonic K-file group and precurved K-file group was the least.
Above results suggest that K-file is more effective endodontic instrument than endosonic

K-file, and that precurved file is effective for canal shaping in curved canal
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Facial View

Mesial View

Fig. 1. Diagrams illustrating method of angle measurement.
Point a to b : Long axis of root canal from point of canal deviation to long axis.
Point ¢ . Apical foramen. Angle is measured internal angle at the intersection of

line a-b and b-c.

B : Buccal, L : Lingual, M : Mesial, D : Distal.

Table 1. Experimental groups according to canal curvature and instrumentation method

Group Canal Canal instrumentation methods

curvature
Ul Straight canal  Ultrasonic instrumentation with straigh endosonic K-file
H1 Straight canal  Hand instrumentation with straight K-file
U2 Curved canal Ultrasonic instrumentation with straight endosonic K-file
U3 Curved canal Ultrasonic instrumentation with precurved endosonic K-file
H2 Curved canal Hand instrumentation with precurved K-file
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Table 2. Percentage of canal enlargement in straight canal

Level Facial View Mesial View
(mm) Ul H1 Ul H1
0.5 107+ 80.7 93.1+94.9 128.7+ 96.7 129.7+ 119.2
15 63.8+ 43.0 155.7+ 71.7* 184.8+ 162.5 1049+ 57.7
3.0 65.0+ 39.0 136.7+ 77.8 131.1+ 883 59.2+ 274
45 86.6+ 57.9 115.8+ 55.0 644+ 284 56.8+ 270
6.0 62.2+ 26.2 127.7+ 68.7 62.7+ 389 64.7+ 379
75 61.2+ 23.7* 122.2+ 52.8* 1089+ 784 875+ 39.6
9.0 949+ 423 1614+ 84.2 1163+ 83.1 715+ 314
10.5 100.1+ 57.8 158.8+ 92.7 939+ 499 843+ 386
(Mean+ S.D.)
* 1 p<<0.05
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Table 3. Percentage of canal enlargement in curved canal

Level Facial View Mesial View

(mm) U2 U3 H2 U2 U3 H2
0.5 136.8+ 738 190.1+ 1416 423.1+382.6 2652+2326 1032+ 759 2148+1110
15 98.9+40.1 2009+1274 1856+ 783 834+ 684 1429+ 835 1895+ 818
30 1290+ 731 1432+ 649 1893+ 90.1 1147+1229 719+ 300 1724+ 527
45 1076+774 1321+ 543 2032+ 69.2 545+ 520 137.7+1088 191.8+1185
6.0 76.7+324 1769+ 1562 2289+ 102.3 467+ 361 1328+1254 1566+ 89.8
7.5 680+379 1982+1522 1540+ 832 609+ 526 70.6+ 378 1689+ 64.4
9.0 704+ 339 1414+1275 1096+ 107.0 848+ 897 942+ 780 1380+ 664
10.5 10364209 1364+1070 1078+ 77.1 1247+ 1465 922+ 852 1551+ 665

(Mean+ S.D.)

Table 4. P-values of t-test for percentage of
canal enlargement in facial view.

Level 1o us  Uz-H2 U3-H2
(mm)
05 0561 0214 0.188
15 0045  0017*  0.787
30 0735 0213 0.292
45 0624 0073 0.061
60  0009**  0006* 0522
7.5 0.086 0.054 0.565
90 0254 0.443 0.669
10.5 0.549 0.906 0.639

* 1 p<0.05, * * :p<0.01

Table 5. P-values of t-test for percentage of

canal enlargement in mesial view.

Level 1o Us w2-m2  Us-m2

(mm)
05  0.134 0.035* 0026
15 0.257 0.021 0.246
30 0513 0401 0.001**
45 0004 0042* 0436
60  0.169 0.044* 0742
75 0714 0.067 0.080
90 0863 0.302 0.316

105 0714 0.722 0.177

* [ p<0.05, * * I p<0.01
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Fig. 2. Percentage of canal enlargement.
* [ Statistically significant by two way
ANOVA with repeated measurement

(p<0.05)
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Table 6. Percentage of canal enlargement in the convex and concave side of curved canal

in facial view

Level U2 U3 H2

(mm) Concave Convex Concave Convex Concave Convex
05 490+ 335* 2268+2250* 902+ 512 233.6+ 2069 695+ 221 80.0+ 416
15 503+ 238* 142.6+1134% 1437+1382 2606+181.8  181.1+1004 190.3+107.2
30 1155+ 94.0* 150.3+1114* 142741408 1369+ 892  2343+1530 1444+ 974
45 1162+ 1118* 989+ 418* 986+ 741 1632+1457 2526+ 1417 1539+ 784
60 868+ 59.6* 665 39.1* 1972+1056 1752+1583  194.7+1038 263.0+239.1
75 1055+ 799* 86+ 208* 2266+ 1818 2128+1976 1075+ 77.7 2023+ 1770
9.0 1180+ 664** 27.2+204** 1333+1188 158.1+154.9 779+ 314* 161.0+141.3*
105 169.0+ 51.1* 381+ 214* 1474+ 961 179.7+ 1706 819+ 688 143.2+1202

(Mean+S.D.)

* [ p<0.05, * * © p<0.01

Table 7. Percentage of canal enlargement in the convex and concave side of curved canal

in mesial view

Level U2 U3 H2
(mm) Concave Convex Concave Convex Concave Convex
0.5 918+ 674 1221+101.2 1170+ 1002 127.5+106.1 924+ 735 963+ 59.1
15 65.6+ 54.2* 1645+1058* 1456+ 1318 1502+1405  187.9+1356 190.7: 1356
30  2894+2244 552.4:+306.1 953+ 871 525+ 205 2100+ 942 1360+ 882
45 90.1+ 301 376% 290  1732+1708 1743+1021  2202+2109 164.3+147.1
6.0 496+ 235 437+ 416  1580+1003 1648+ 1454  170.1+ 1674 148.8+1366
75 740+ 553  74.8:£ 665 522+ 440 889t 864  1653+1173 172.2+1154
9.0 950+ 710 987+ 729  1323+1056 895t 829 1526+ 1079 1166+ 1019
105 2426+1142 2608+1352 141311005 919+ 840 1722+ 993 1376+ 955
(Mean+ S.D.)
* 1 p<0.05
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Table 8. Angulation change of curved canal

Group Facial View Mesial View
Mean+ S .D. Range(°) Mean+ S. D. Range(°)
U2 5.39+ 3.21* 1.0+ 150 6.67+ 3.73* 20F 14.0
U3 2.80+ 1.20 05+ 4.5 295+ 1.55 05— 6.0
H2 2.25+ 0.86 1.0+ 45 240+ 0.96 1.0— 7.0
* ! p<0.05

S.D. : standard deviation

Y oz

V.

O

BN BA O] 225 7|7 52 VTR
H Zg&FHoy UFZHBME I At
L35t A AHLE F ddE Fol A
N Q. 28y B E dold A4 FE o
zZ71do gxgs BT e FA%
A 2@ dHFES WA ol
AA gL ntFFsA £ ot ¥ 5 drh

Pedicord§%& +%4 7179 &% 719
AHgE 2o gHo Z#FH A8HE
A+e viad A9 289 7FE A2 A
BB 24 1/394 EFAS 2HE B4
& 54 77RO o B Azl Ao Hm,
F54 717y 289 V1T EF 2g3E W
A zIY Ba3tgrh. Reynolds$¥L %
4} 717} EndoStar 5, Cavi-Endo$} & =
&3 717RYG o Aggeg FJopAs A
= qlgx stg e}, Wb, Chenail®} Teplitsky
W LY 7)FE o] &% ZHF A 2HE
A s}elA geoha F4359.20, Wellers™
& &3 7179 ARgo] Alztelu AFHAA
o FHAsl}n YA StamosTHS EST
717 FEA IITE oS} TR/IL F 2
e =718 Fejol A 1 olE FHA E
sQon st &9 V3o EfA4d diF
Ao zolg Kol 3.

E dPdAE JA2d3 SRS 754
K-file?} endosonic K-fileg ©}&3td 43§
S od 777 o 2 28 &S BoleA
@Rtk B dTEFgME EE A48T

323

A dAZE B} o] F AR A ggror,
AXZ# = K-file? endosonic K-file A}
| 25 2 05mm F-SJdlA 2] Eu)go
I AR XBREY o 2A Jes.
o]21 ¥k A= BriggsT®ol Q¥ A79 94X
e AL fileo] X AFAA B} ZEyoA
q & d9FS 7R Fold AAgo] FY)
g & AeE Atgdoh. 3 facial viewol
Ae 54 7177 9 & §Uee 2y
mesial viewollA& 229 7197 o &
&8 Bo £54 7|79 289 7T Alely
AA F&de Aot gle Aoz A4
o},
20~40KHzS] F38 e 259 7|1FE
Bow AF3IE endosonic filed ©]R-3o
8L st JAFA filed] W7 e
nodest 7Fg & file®] WHE HolE anti-
node?] 948 Ho]a1, endosonic file2] Hgto)
dutEA] k=Y A antinode?! file HeolA
7Hd & ¥t 2%k Endosonic fileg
Ao AT o 293 g 717t
90°F o]FEE FEY AR} ¥t Hreflec-
tion) 5 o] endosonic file®] A& oA X
7loll= %5 (oscillation) ©] AFEFXA "}, 2
3 endosonic file®] AHFEE FF o] o] Fo|A
AZREG AR A A7 AAA
Aok, v 958 29 A= endosonic
fileo) ZHYH} PEHE F<U filed] ATFH
o WE7}t e Adh & driver’}t 3] W3o R
AZgw driverol 70°Z FF¥E endosonic
file oz BAHI, ol AT 2



3F50] fileo] ZFAA HH file DT X9
4% 1/30] FF 4¥gg F7] d9n=
THEYt | EEHY & ot L] FE
dgo| FLHe FH A AFo] tHA] WA
Hol SHFA ] AFo] YAFHeE HAE
F= g,

E dydAe Fidoly HEEd BF
F54 717 % 2@FUso] 2% 7]
T& o83 A% Y IA ved, %4
N7 g9 717 Bh Zotd AtAj5gol
¥ $53lthe Reynold5¥9] Ao} A3}
o 289 7179 Aol A&l ¢ §
F3lths Wellers™ ¥ Kielt®} Montgomery™
o] Adobe A=

g @AM filee] bl digh H
2oz %54 7194 Kfileg @Y 7
=) w} precurveAlA AMEEHE o] Yuk
Zolr}., Lumley®t Walmsley™ precurved
endosonic file¥} straight endosonic file2] I &
%2 Alelof] F8.§ Zol7t SIS Bt .
Ahmad5*“& &9 71971 38 2. & endosonic
fileg ZFAZ @ F7|FAN AFE wet
node$} antinode®] &L RoliL ¢hutE X
R file o] 713 & WY E VEMIS &
APk, whE, Walmsley$} Williams®& o
%3 Zojet ¥4 9] Cavi-Endo endosonic K-
fileo] 25 KHzZ ZTEFA file o] I
HIE BJE B endosonic file2 pre-
curving2 file®] JEFH o] FFL VXA &
o 9F g 23 precurved K-file AH&-
AE B2 AES HE F U8 g+
ATk ket

B d7dagdae w323y A AA
2+ 2ol Blwo| Al precurved endosonic K-
file?] 2#1) &] facialP} mesial view B5F
ol A] straight endosonic K-fileZ i3t <&
B} A el ol Aoe @Y A
7|92F Azto]l AR Y%L AW =
AGE A2 9 9 2@EH o] Z Ko}
vtk OFetAE Fol Hlolgs Aoz F
AT, 28EE Tl 43 2uE
7ol @A EFIAL AF3t AR Ab

324

&3 o] APLAE Y F J= Yo
AZtec}, T3 straight endosonic K-file AF
|Al9l ledgett X2HFY o]FL doA ¢
& o8 9559 HIlE By oA &
#o &3 &9 g vadA He F
R3HAl e T Straight endosonic K-file
ARSEA YR 2 =9 g
W&ol vl3) -9 # zip F40] AR F2E
F AReH, ZHPAX= precurved endoso-
nic K-fileo|\} 54 K-fileg o] &3 =& 25
e YEFRUE &9 gl o A
et o" 7)17-E AMESHEA] @Yl o
9 zip 4] UAUE Reg AR, o]
A& VA (strain) 0] A F4L o= A9
719 (memory)& 7IA1L lorz gy 2
A fileo] XA 24 HAHE d& U
ER7] oo ¥ Zaz Agzted.,

50709) @3] F<F straight endosonic K-
fileg o] &3 TolA 1709 #25 endosonic K-
fileo] FHEJ =, filed] FHL F2F =
X739 guiglel 9F ZFA FE A
ARE3le] 1] 2 (fatigue) & W3L7) EoE &
Z ¥}, Endosonic filed oA e 7}
stAV ¥ 7] (wedge) B4E 3R gonz
@ oA BEE A2 Aol @ o vl3] R
ot AAZ FHed Aoz RaHa glov
£ d¥dMe AAT oY fileo] HHE A
HE AFAFNA A 3G

E d7e] ZAZ v]F 9] straight endosonic
K-file .t precurved endosonic K-fileo] ¥+
FAZL FF54 7179 Zo] & TYF 4
Aot g 2F BFEY FRY ARIYE
& & AT 23Y filed] precurvedt ¥
A A3 F£F4] 7Tt 289 7lFRG
9 2&4Q Aoz =AY, o3F A=
Agol A3 Y Aofe] o HFmIl T
Y5kA] kL, 71 AHEAIZRe] dA3A A
2 F A7) R o g, ¥ AY
dlxet o] AAE Holo A APAeE &
g dAdAE B vt o] A4y
ojvf AlgAd] wE AFZAAVL tsiAl o
Bl Ao 2 AYZHu R o3 AAE Yol



8387 JEiMeE o B 47U 88 A
o2 Algdd.
V.2 E
B aze d3ogd J4A28E $54 K-

file#} endosonic K-fileE o83 ¥ v

Z#e] g FF DFZHAoA straight endo-

sonic K-fileZ A& WS} precurver A&

o 23 U3 HsES vla dystnzt A

P At
AT HEIHAMY Foe&S Hut

&7] 913 gt stet R ZHYESE AL s

st 20719 FAd2H#F 20~30°9 BHH

& ZE 30709 93-S K-file?} endoso-

nic Kfileg ©] &3t =& FA3ATh

73 €3 YA AMAE 93t g

Fe 24, gz 4T 2dREz

B 15mm {HFoz FLL NEdo &

Kol e AE vlastgon RS2

o) W&, & e P xe] Walgg

ZHsle] FARHoE Ao ofe} e

AES 4.

1. BN ZHFYEL facial viewol
A K-file AHET°], mesial viewolA&
endosonic K-file AH&-70] § Fou A
3 foAde g,

2. B ZBAFNELE precurved K-
File AH8-TollA 7} #1311, precurved en-
dosonic K-file A8, straight endosonic
K-file AHE-T9] €22 el

3. HF2H9] FERME v Y&uog
FoA 2RSS RRLoH, 53]
straight endosonic K-file AF&-FlA W9
Z go-g Aleld & Holrt JEhytrl.

4. DFZBY 7x 9 HEFFE straight en-
dosonic K-file AH-&-ao 4] 714 Z1 3L precu-
rved endosonic K-file AH8-T, precurved
K-file AH-T €22 e
oo AFE F54 YTUF 283 7))

H)3) $-435t1, FZFo)A precurved fileo]

<H#F 4 A3 LE AR H.

10.

11

12.

325

AnES

. Weine FS ' Endodontic therapy. 4th Ed,

St. Louis, Mosby Co., 1989, p277.

. Weine FS ! Endodontic therapy. 4th Ed.,

ST. Louis, Mosby Co., 1989, p303.

. Ingle JI, Taintor JF : Endodontics. 3rd

Edi. Philadelphia, Lea & Febiger, 1985,
p26—37.

. Martin H : Ultrasonic disinfection of root

canal. J Oral Surg 42 : 92—99, 1976.

. Martin H, Cunningham WT, Norris JP :

Ultrasonic versus hand filing of dentin : A
quantitative study. J Oral Surg 49 . 79—
81, 1980.

. Martin H, Cunningham WT, Norris JP : A

quantitative comparison of the ability of
diamond and K-type file to remove dentin.
J Oral Surg 50 . 566— 568, 1980.

. Cunningham WT, Martin H, Forrest WR

: Evaluation of root canal debridement
by the endosonic ultrasonic synergistic
system. J Oral Surg 53 : 401—404, 1982.

. Cunningham WT, Martin H . A scanning

electron microscope evaluation of root ca-
nal debridement with the endosonic ultra-
sonic synergistic system. J Oral Surg 53 :
527—531, 1982.

. Martin H, Cunningham WT : The effect

of endosonic and hand manipulation on
the amount of root canal material extru-
ded. J Oral Surg 53 : 611—613, 1982.
Cameron JA ! The use of ultrasound in
the cleaning of root canals . A clinical re-
port. J Endod 8 : 472—474, 1982.
Martin H, Cunningham WT : Endosonics-
the ultrasonic synergistic system of endo-
dontics. Endod Dent Traumatol 1 : 201—
206, 1985.

Stock CJR : Current status of the use of
ultrasound in endodontics. Int Dent J 41 :
175—182, 1991.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ahmad M, Pitt Ford TR : Ultrasonic deb-
ridement of root canals - An insight into
the mechanisms involved. ] Endod 13 : 93
—101, 1987.

Goodman A, Reader A, Beck M, Melfi R,
Meyers W An in vitro comparison of the
efficacy of the step-back technique versus
a stepback/ultrasonic technique in human
mandibular molars. J Endod 11:249—
256, 1985.

Richman MJ : The use of ultrasonic in
root canal therapy and root resection. J
Dent Med 12 : 12—18, 1957.

Walker TL, del Rio CE ! Histological eva-
luation of ultrasonic debridement compa-
ring sodium hypochlorite and water. J En-
dod 17 [ 66— 71, 1991.

Cunningham W, Joseph S © Effect of tem-
perature on bacteriocidal action of sodium
hypochlorite endodontic irrigant. J Oral
Surg 50 : 569—571, 1980.

Cunningham WT, Martin H, pelleu GB © A
comparison of antimicrobial effectiveness
of endosonic and hand root canal therapy.
J Oral Surg 54 : 238—241, 1982.

martin H, Cunningham WT @ An evaluta-
tion of postoperative pain incidence follo-
wing endosonic and conventional root ca-
nal therapy. J Oral Surg 54 : 74—76, 1982.
Cameron JA : The use of ultrasonics in
the removal of the smear layer a scanning
electron microscope study. J Endod 9:

289—292, 1983.

Chenail BL, Teplitsky PE . Enodsonics in
curved root canals. ] Endod 11 © 369—374,
1985.

Chenalil BL, Teplitsky PE . Endosonics in
curved root canals. Part II. j Endod 14 ©

214—217, 1988.

Ehrlich AD, Boyer TJ, Hicks ML, Pelleu
GB ! Effects of sonic instrumentation on
the apical preparation of curved canals.

326

24.

25.

26.

217.

28.

29,

30.

31.

32.

33.

34.

J Endod 15 200—203, 1989.

Walsh CL, Messer HH, ElDeeb ME : The
effect of varying the ultrasonic power set-
ting on canal preparation. ] Endod 16 :
273—278, 1990.

Tronstad L, Branett F, Schwartzben L,
Frasca P . Effectiveness and safty of a so-
nic vibratory endodontic instrument. En-
dod Dent Traumatol 4 : 69— 76, 1985.
Weller RN, Brady JM, Bernier WE . Effi-
cacy of ultrasonic cleaning. J Endod 6 :
740—743, 1980.

Tauber R, Morse DR, Sinai JA A magnif-
ying lens comparative evaluation of con-
ventional and ultrasonically energizing fi-
ling. ] Endod 9 : 269—274, 1983.
Cymermann JJ, Jerome LA, Moodnik
RM A scanning electron microscope
study comparing the efficacy of hand inst-
rumentation with ultrasonic instrumenta-
tion of the root canal. J Endod 9 : 327—
331, 1983.

Walmsley AD, Williams AR : Effects of co-
nstraint on the oscillatory pattern of endo-
sonic files. J Endod 15 189194, 1989.
Lumley PJ, Walmsley AD : Effect of pre-
curving on the performance of endosonic
K files. ] Endod 18 : 232--236, 1992.
Schneider SW : A comparison of canal
preparation in straight and curved root
canals. J Oral Surg 32 :271-275, 1971
Pedicord D, ElDeeb ME, Messer HH .
Hand versus ultrasonic instrumentation
. its effect on canal shape and instrumen-
tation time. J Endod 12 : 375—381, 1986.
Reynolds MA, Madison S, Walton RE,
Krell KV : An in vitro histological compa-
rison of the step-back , sonic, and ultraso-
nic instrumentation techniques in small,
curved root canals. ] Endod 13 : 307—314,
1987.

Stamos DE, Sadeghi EM, Haasch GC : An



35.

36.

37.

in vitro comparison study to gquantitate
the debridement ability of hand, sonic, and
ultrasonic instrumentation. J Endod 13
434—440, 1987.

Briggs PFA, Gulabivala K, Stock CJR, Set-
chell DJ : The dentin removing characte-
ristics of an ultrasonically energised K-file.
Int Endod J 22 : 259, 1989.

Murgel C, Walmsley AD, Walton RE : The
efficacy of step-down procedures during
endosonic instrumentation. J] Endod 17 :
111—115, 1991.

Weller RN, Loushine R]J, Hartwell GR :
Stereomicroscopic evaluation of canal
shape following hand, sonic, and ultrasonic
instrumentation. J Endod 15 : 417—421,
1989.

327

38.

39.

40.

41.

Kielt LW, Montgomery S : The effect of
endosonic instrumentation in simulated
curved root canals. ] Endod 13 : 215—219,
1987.

Lumley PJ, Walmsley AD, Laird WR : St-
reaming patterns produced around endo-
sonic files. Int Endod J 24 @ 290—297,
1991.

Ahmad M, Pitt Ford TR, Crum LA : Ult-
rasonic debridement of root canals :
Acoustic streaming and its possible role.
J Endod 13 : 490—493, 1987.

Ahmad M ! An analysis of breakage of ult-
rasonic files during root canal instrumen-
tation. Endod Dent Traumatol 5 . 78— 82,
1989.



