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A Schematic diagram of loading on the handpiece and determination of
force at the bur tip. The letter “P” 1is the force given to the bur tip.
The letter “W” is the weight on shank of the handpiece. The letter
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slpe] ok drtg s Wslte dobra, REAQ &

tfate] gotr At Gtk vholobHE =W 1 i —chamfer 102R, 3 w—thin tapered
104R W (Shofu Inc., Kyoto, Japan) & 2 w+—chamfer CF910T, 4

CF1007T W (Jindental Inc., Goyang, Korea)E 7Z}7F 10 7% ARg3sigich. 24t

ot

T —thin tapered

Al#HL2 Macor Machinable Ceramic Block(Corning Inc. Corning, New York,
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B AN Il AldEE 27 FAF AlFE, 4570 A IE tololrt WE
(Table 1) AFg3tom A2 AJHL Macor machinable ceramic block (Corning
Inc. Corning, New York, USA)E A}&3t5itt W2 A5AE <433Ad 5%
(Sungkwang CO. Ltd., Bucheon, Korea) 2 A}g£3F3it}.

Table 1. Diamond bur used in this study

Diamond bur Manufacturer

102R (chamfer Bur) Shofu Inc., Kyoto, Japan

104R (thin tapered Bur)

CF910T (chamfer Bur) Jindental Inc., Goyang, Korea

CF1007T (thin tapered Bur)

2. Ad Wy
7h A2k geo A

(1) A=vx

A=y rs 145314 WE=IA(Hi Torque 535B, Yoshida dental MFG. CO.
LTD., Tokyo, Japan)& A}&3}3it}h. Hi Torque 535B+ 1153 A oolgHl &2 9
A=Az FF Fde7E Hu

e FHELlel] dAg A

320,0003]c|t}. Iy Ax|o M=y A~E F2Hehar

[

7R FE RSk 53 oflofERl A=) e

o

2 B2

oX,
o
o

fu

74 &S SGtH(Fig. 1. P = el ZheiAE dAs 3, W



T dugxe] ZeiAlE dAde FA, d = A8RE ol ZeiAlE A A,
‘D & IHINYH W JdRhA e Az Aottt gl FoleA 5 cmEHE A
ol 165 g9 A3 & AL vk vlel= oF 91.7 g9 Fol AFHA' W

e ANFoR #1925 mY EAHES gk’

P=Wxd/D
91.7g=165gx5cm/9 cm
D

(P)

[

P
d

Pivot Weight (W) Bur Tip

Fig. 1. A Schematic diagram of loading on the handpiece and determination of
force at the bur tip. The letter “P” is the force given to the bur tip. The letter
“W” is the weight on shank of the handpiece. The letter “D” is the distance
from the pivot to the bur tip. The letter “d” is distance from the pivot to the

weight.

(2) doloht=

tlojol2 = ©wE= 102R, 104R B (Shofu Inc., Kyoto, Japan)¢ CF910T,
CF1007T ® (Jindental Inc., Goyvang, Korea) S Z+zF 10708 A}&-3F9ith Al xAL9)
Argel ot % T3 AEe AHYIE 7T 102R B eF CFI10T Hl= H2hd
o] ZAol7F 9 mmely W AFEE 7ol 1 mm<el chamfer Ht}l 104R W&t
CF1007T #i= dapde] dol7k 10 mmeolH ™o AJa4 274> 0.7 mm<l thin
tapered Ht}(Fig. 2).



A B C D
Fig. 2. Diamond burs used in the study: (A) 102R bur in group 1, (B) CF910T

bur in group 2, (C) 104R bur in group 3, (D) CF1007T bur in group 4.

(3) AlAe] Az

2hAofl AFgEE A]H-E& Macor machinable ceramic block (Corning, Inc., New
York, USA)& ©o]&3th o] AR= 56HAMES] FFarel 45HAMES] il
g2 Y T3 EAARRE 250 FEA AR 66.9 GPal BAATE 7HA
i gtk ol Aote] W@ A9 300-340 FEXA FES}F 84 GPad vHIAGS fFA
alh 2 AL ceramic blockS 20 x 20 x 20 mm® 7]9] block 707/1& A tha}o]
A2k o (Lianyungang Highborn Technology Co. Ltd., Hong—Kong, China). ©]
< 40705 WO Fel weEk 4709 o= yrglth(Table 2).

Table 2. Diamond bur used in four groups

Group Diamond Bur N
1 chamfer Bur, 102R 10
2 chamfer Bur, CF910T 10
3 thin tapered Bur, 104R 10
4 thin tapered Bur, CF1007T 10
4) =74

W7k Awe Bae AAE ¢ e

(Fig. 3). AlA9 2tAl= 183 A3k 2HAl & Macor blocke Z&3F A% 7]



(UC-100, Coltene Whaledent, Cuyahoga Falls, Ohio, USA)S o] &3}o] &3} A
28 Algslo] AlHe| Fol 9= Macor block? H2F & AAsAT AR 1F
Az % 0.01 g7tA F74ol 7bssh HAA & (SD—2020, Ohaus Corp., Pine
Brook, New Jersey, USA)S o] &3lo] A|AQ FAE ZA3AT. 214 d A3
Al el FASE Al S5 FAY] ApolE AAd FAR Axtelgla, AEsS

&
k=
221% Macor block A& A|ZFo 2 o] AAbelict.

o

A2atg s (g/min) = 249 FA(g) / A3+ (min)

rlr

o AAl F W= 60% ¢ 2o AlFT|olA AlFSe] Hol] Eof Sl

Macor block®] #&lE AAsAT W=vxt AzAbe] AYdE 484 (Turbine
spray, Yoshida dental MFG. CO. LTD., Tokyo, Japan) & 1%+ A g3t 24|74
= AAA kAl 60x3F 3 Az A7) HE S weiek 10384 Aldste] F 4009

Fig. 3. The major axis of bur and the cutting surface of Macor block are parallel

to each other.



¢

W A a5 o A4 ase] s 49

(L =4

Al S Macor Block 3070 ARESFa Al 278 Ao dxao=z A3
om & WRlel weh 3709 £Oo® rgltk(Table 3). vololt= M= Al 233
€94d CFI10T W& 2 ' 10708 Abg-siSitt. 139 AAE A3 u wir} H

d

t 2Es AN 6027 AF T 474 1 37 AT, FL &%, Azl
W 7ks 25 ARSAG A4 PR A 229 FAsA Fgsgion, 4 3
4 108 MRS & 30099 AAEES SHeArh

Table 3. Sterilization method used in three groups

Group Sterilization N
5 Autoclave 10
6 Cold sterilization 10
7 EO gas 10

1% SV EaWS 1% 571 H71(S—330/33L, Yoshida dental MFG. CO.
LTD., Tokyo, Japan)& ©¢]&3lo] 1583 AXN 125594 15psie] g oz Alds}
Atk Weames 274 FE2ZIAANYY 5% (YHIAd, Sungkwang CO. Ltd.,
Bucheon, Korea) & o] &3te] & 203F HASH 7k &A% EO 7HA &%
7] (Steri—Vac 5XL, 3M CO., Saint Paul, USA)S o] &3s}lo] AH 160%A] 447k
&< Algekaltt

off

o

o, FARAREN G B2 D oA B BHEA

A2 A EEA] S 102R, 104R, CF910T, CF1007T W z+zh 1709k 2+ o

A 103 27 B WO UHE We RS AASE & SEM studell 38, T



o]-g-3tof 451, 2001 2]

ER= FAAARAN G AR F9E SRan, oA WA E3RA (Energy dispersive

tlo

AFA A ) 7 (S—3000N, Hitachi Ltd., Ibaraki, Japan

X
x—ray spectroscopy analysis) = ©] &3 AEZXS A Ps}3ic}.

3. A &4

A 2223 PAWS 17.0(SPSS Inc., Chicago, Illinois, USA) & AH&-aF3ith.
B o FRel mhE AAE&l Afolsh amwwe] mhE AAEE0 Aols HAS
glste] AAuj A RaE & AgskAnh. AlxAbsl FeEo] wE HAEEo] Aol E
A4 a7l Slto] o] A EAHEA S AR EglTE. W o AlxzAbel FEjel o A
Aago] watgdel Apoleh 5ol o datag o] W o Atolg A4st
7] flske] MRS RAEAN S ARSItk AR AP 07 Tukey WS ARSI

ot (p < 0.05).

]I



1. ¥ TRl WE 2Aa&7 AA S e astdd
40 gololr= W oA AT F AAasS FASHCR FostA Al 2
#(0.21 * 0.064 g/min), A 17(0.17 * 0.064 g/min), A 437(0.13 + 0.042

g/m), Al 37(0.010 * 0.040 g/min) +° 2 =t} (p < 0.05) (Table 4, Table 5).

Table 4. Average cutting efficiency of each group

Group Mean (g/min) SD N
1 0.17 0.064 100
2 0.21 0.064 100
3 0.10 0.040 100
4 0.13 0.042 100

x«SD ! standard deviation

Table 5. Multiple comparisons of average cutting efficiency of each group

Tukey HSD
Group Group Mean Difference Std. Error Sig.
1 2 —0.040= 0.052 0.000
3 0.069= 0.052 0.000
4 0.040= 0.052 0.000
2 3 0.110= 0.052 0.000
4 0.080= 0.052 0.000
3 4 —0.030= 0.052 0.000

+*The mean difference is significant at the 0.05 level.



273} 379 3WASH 479 4R FAEE SHeIAN AAE g E7F AT
oA A 5ol we BARES Pasts 28 uehith Ag 189 2%
Apolell A 23] TR glo] BAEEC Y 2 gavt dgdom, olFlt AAEE

o] s Ae A BHo A2 s Bodvh 403t daraae] WSt S

Az 594 A @3tk (Fig. 4).

Group
| [
0.40 o2
A3
#*® 4
c
= 0.30-
£
=
R
>
o
c
2
Q2
b= |
% 0.20
o
c
S
>
(&
0.10-
0.00 T

o) —

Cutting round

Fig. 4. Linear graph of average cutting efficiency of each group with increase in

cutting rounds.
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2. AZAS} Fo) WE AAEEN A D5 G2 WHy

Wl el AzAb BT daage] BASHoR {Foi e dFE Tt
(Table 6). W2 efel #A fl°] Jindental(0.17 + 0.064 g/min)©] Shofu(0.14
£ 0.068 g/min) ¥t} AAEHo] U4 < 0.05). F=F AxAket #A glol
chamfer B (0.19 = 0.068 g/min) 7} thin tapered ¥ (0.12 * 0.044 g/min) ®.t}
Aarago] E4th(p <0.05) (Table 7).

Table 6. Two—way ANOVA for cutting efficiency of different shapes and

manufacturers

Source Type III Sum of Squares Mean Square F Sig.
Shape 0.55 0.553 335.97 0.000
Manufacturer 0.12 0.12 43.53 0.000

*The mean difference is significant at the 0.05 level.

Table 7. Average of cutting efficiency of burs with different manufacturers and

shapes
Mean (g/min) SD N
Shofu 0.14 0.064 200
Jindental 0.17 0.068 200
chamfer 0.19 0.068 200
thin tapered 0.12 0.044 200

*SD ! standard deviation

-11 -



AbAl BlE7E St wE AAas o Wt FFS AXAF el S

frefgt zkol7k glelvh (Fig. 5).
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Cutting round

Fig. 5. Linear graph of average cutting efficiency of each manufacturer with

increase in cutting rounds.
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AHA] B mhE AAa & W 2 Wel Fyld ot FAEgH o=
/9%t z}o]7} Atk Chamfer W& B2ala& A 132 7] 7]7} thin tapered

H Bu o 2t (Fig. 6).

Shape
1 Chamfer
0.407 O Thin tapered
=
= 0.30
£
=
>
>
1)
c
2
9Q
b=
° 0.20
o
c
o
>
(&)
0.10
0.00 T T T T T T T T T T

Cutting round

Fig. 6. Linear graph of average cutting efficiency of each shape with increase in

cutting rounds.
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3. &% Mol HE S WS P AA) He] ME Wk

af el mE Aaags AR Fo% Aol glslth(Table 8). &5

8
el whE WAtEEe] ek P EH BASHOE Fo% Aolst AT Fig. 7.

Table 8. Average cutting efficiency of each sterilization method

Group Mean (g/min) SD N
Control 0.21 0.065 100
Autoclave 0.20 0.066 100
Cold sterilization 0.20 0.064 100
EO gas 0.21 0.064 100

*SD : standard deviation

Group
0.40- O control
O Autoclave
A Cold sterilization
¥ EOgas
=
= 0.307
£
=
K
oy
c
2
2
= -
T 0.20
o
c
£
>
(8]
0.107
0.00 T T T T T T T T T T

Cutting round

Fig. 7. Linear graph of average cutting efficiency of each sterilization method

with increase in cutting rounds.
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4. FARRALE R 24

FAAAAE A AR A Wl FRe #AA gle]l 108 AAE mEx W9
g At} (Fig. 8).
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N
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o
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o
)
i
_OL

WD13.6mm 20,

WD % .émm 20 K200 Z00um WD14  ¢mm 20 ¢

C D
Fig. 8. Scanning electron microscope photomicrographs of (A) group 1, (B)
group 2, (C) group 3 and (D) group 4 after 10 cuts with the bur. White circles

indicate defects.
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JindentalAF2] W7} Shofurlel ¥ Hrt} & AAE 7R 11 = Zo] A=,

WBL3 . 6mm 20 OkV %200 200um Wol3 . 4mm

WO13 . 9mm 20 .4 WD 5. 9mm 20.0kV x200 200um

C D
Fig. 9. Scanning electron microscope photomicrographs of fresh (A) group 1, (B)

group 2, (C) group 3 and (D) group 4.
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Chamfer ¥ 7} thin tapered ®Wol| H]s}o] tholepr= x7t 22 ¢ A7|A Hj
Axo] gl (Fig. 10).

W013.6mm 20 .0

Fig. 10. Scanning electron microscope photomicrographs of fresh (A) group 1

and (B) group 3.
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Fig. 11. Energy dispersive x—ray spectroscopy analysis of (A) group 1 and (B)

group 2.
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V. 2 4 13

2 AP Ads volobrE W Hatggo] 7 Al xAbet F 7bA] el whet
T4 A 2o AL BTt AFRAb 9% 2olE Awnw W e}
WA @lel Jindental® EatEfo] oAb Al okt AAEES =T A FT
of b= b, W] Alx W, thelekE=e] Qi A7], WOl FH, JAA
F 4 el AHA AEe T oSl s e Utk I F tolokt w9
A thotob =] Ak A7), WOl Feoh Az o]t
B A M = AxALA F3F AZTZIe L AWsks WME ARESAH. F3F A
A1 Akl dig Jole 71E ATEvit 2ok Siegels {Ae T3 A&
90—-120 pmeta 8+ e™! Chung 52 125-150 pmeta sgich!! tholop=
Wl Ak A7)o) tiEk 1SO(7711—-3: 2004) 9] +4& AvHoly JAS aA7|EH=E
EHE7I7E ol HY] wWie] FES AY F u o= A &y vl o

AeA E3 A4 ARNE S AL Az Aol A RAA Bz 99

2|

z

O

l:o

gez E£dD + el gtk AWAQ dolobEE M AHUAYA 2" AZY
Aol W FREE As 1 AN o Yol 2F Ei YA AF uEHAe
G HololEE QAE Rolt BPow WEoAY. AAE Lol BHE A7

A s ol getth M7 FA Ao MEHA F&o] FHob gl &40 pHY 2%
& 24 st A7) wks Algeth o] g% &Ael tholohEE QA 5o gloH
A7] wRbE Ayshd A A AY ZAF] HIREE F453 tolobE = Qb
Aok A7) A RS ARE AY 59 oy 2ol wet thEr o]® st
A zAREE tholobr = W] EAE vz Pk’ dojolr s QA 2715 IA s
e odE AR A ARVE ME AR E olf F s Fojt
2 AgeAm 2000 w&9 FAREAAR A Aol 100-200 pm7kA| 9] theFet
719 JAE TS HelA] B F ddvh 460 wiEe] FARRAAW A Aol
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Abstract

Effect of bur kind, its cutting round,

and repeated sterilization on cutting efficiency

Jin-Hyuk Bae. D.D.S
Department of Prosthetic Dentistry

The Graduate School, Yonsei University

(Directed by Professor Keun—Woo Lee, D.D.S, Ph.D)

In the field of prosthetic restorative dentistry, diamond burs have been
more preferred than carbide burs due to its higher wear resistance and
longer longetivity. Diamond burs have been used in multipurpose including
overall tooth preparation, marginal finishing, enameloplasty, or finishing of
the final restoration. There are various kinds of diamond burs produced from
multiple manufacturers, and the clinician has to choose the right one for his
purpose. Cutting efficiency as well as longetivity is one of the critical
considerations when selecting the diamond bur. Chances of cross infection
through the diamond bur must be minimized, which means that disinfection
and sterilization is to be allowed unless the bur is disposable. Yet, the
selection and usage of diamond burs are most often based on the clinical
experience rather than any scientific evidence.

The purpose of this study was to evaluate various diamond burs in

aspect of shape, cutting efficiency, usage round, and the changes in cutting
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efficiency after repeated sterilization. Four kinds of diamond burs from two
different manufacturers were used in the study, ten for each group: group
1 (102R, Shofu Inc., Kyoto, Japan), group 3 (104R, Shofu Inc., Kyoto,
Japan), group 2 (CF910T, Jindental Inc., Goyang, Korea), group 4
(CF1007T, Jindental Inc., Goyang, Korea). Macor Machinable Ceramic
Blocks (Corning Inc., Corning, NY, USA) were used as cutting specimen
blocks, and they were cutted ten times for a period of a minute each time.
To evaluate the effect of repetitive sterilization, CF910T burs were either
autoclaved (group 5), cold sterilized with gluconic acid chlorohexidine
(group 6), or gas sterilized with ethylene oxide (group 7). Cutting of the
blocks and sterilization of the burs were repeated. The cutting efficiency
was calculated by dividing the weight of lost cutting specimen block by
time. One—way ANOVA was used to examine the difference in cutting
efficiency with various burs and sterilization methods. Two—way ANOVA
was used to examine the difference in cutting efficiency with different
manufacturers and shapes. Repeated measure ANOVA was used to
examine the difference in changes of cutting efficiency with different
manufacturers, shapes, and sterilization method. Following results were

drawn (P <0.05).

1. Jindental burs(0.17 £ 0.064 g/min) showed significantly better
cutting efficiency than Shofu burs(0.14 +£0.068 g/min). However,
there was no difference between the two of the fact that cutting
efficiency decreased with increase in cutting rounds.

2. Chamfer burs(0.19 * 0.068 g/min) showed significantly better
cutting efficiency than thin tapered burs(0.12 £ 0.044 g/min). The
cutting efficiency decreased more rapidly in chamfer burs than in

thin tapered burs with increase in cutting rounds.
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3. Regardless of the kind of diamond burs used, cutting efficiency
decreased with increase in cutting rounds. After the initial cutting,
there was the largest decline in cutting efficiency.

4. Repeated autoclave, cold sterilization with gluconic acid chlorohexidine,
or gas sterilization with ethylene oxide sterilization did not affect the
decrease in cutting efficiency of diamond burs with increase in

cutting rounds.

Based on the results above, it can be concluded as follows. Even if
surface roughness is described as the same, cutting efficiency of the bur
may be different according to the manufacturer. Thus, the clinician should
choose burs from the right manufacturer, if the burs are the same shape.
Since chamfer burs have better cutting efficiency than thin tapered burs,
burs with larger diameter should be chosen when heavy preparation is
needed. More research should be done to find out the clinical significance of
the largest decline in cutting efficiency after the initial cutting. Since three
different methods of repeated sterilization do not affect the decrease in
cutting efficiency of diamond burs, burs must be sterilized when used in

clinic.

Key words: dental diamond bur, shape of diamond bur, particle size of
diamond, cutting efficiency, longevity of diamond bur, repeated

sterilization
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