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929 AZAE AT A} Tl D
washer® %3k
925 QAL AA SR A MAD FEE T ) YA} AL 9

A7) 9% we ArEe] o] Foid gtk o] AFEAME Al AR Fe

M3k Fatel MMl Ask gRolAh HHE AEFOR P} FUL O

A 4 d= sheAol A HIAG 71E AdFelAE & YAkl 0.2mm FA9]
stainless steel M E A&3to] AL E9 WH3tE SA3 2 4 E AL S

W £H BEAgE Sl BaEgdeh ey ek e Ad s T mE AL
E9o] Wt digk A o] FojH A GZokrt. old . A= 7] tE FA
(0.1, 0.2mm)<} A (cp titanium, titanium alloy)e] M E A&} ul, YA £9
of ojwgk FaFo] A=A GotrR A} BFATt

2 AFolA o] 11.5mm, A7 4.0mme ¢F J948 BAA(USH, Hybrid
RBM Ti grade 4, Osstem Implant Co.Ltd., Busan, Korea) 50787} AF& % ¢laL, o]l
AFSEE= 50709 At (US cement type, hex regular abutment 5.0 Osstem Implant
Co.Ltd., Busan, Korea)7} AF& ¥t t2t(D)olA = 449 o s gt
AdFE A2saL A3 oAM= 247 & T A e A8 & A
At AFE A28 = 0.1lmm =FEEHE, 0.2mm & HEHT, 0.1lmm HEHE
S, 0.2mm EEHr e M7 A7 ol A& EHAT. 2w (1)3 4709 AF
o 1070 A -X i H3A7F A=A = Ao Digital strain gauge(DC
Strain Gauge Amplifier GM 70, Messtechnik Co., Alfdorf, Germany)S ©]-& 3}
AT ALE 91 AFdd 49 EAgts SASe] vl oM A&l oF
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AT Ao 91216 WstE BEely] flste] wAZA FHWS Fekn S o6t
=435 AL one-way ANOVA & o] &3lo], 7+ 2] zjo], 9k A2
of o3k zfo], &M Al o]F ztolE Mt 3 AF Ak 29 EAS
5 SAd 2 54 gt WstE dolrr] $13)] repeated ANOVA tests Al a3}

A

o

L QERE AYF el B ALEE Tol GME AFEEH e
shrow %4 EAgel Flagin.
2. A A e EY mage By @7 o v &5 el 2ol f

3. 99 FAO wEbdE Solxrt 9o, 0.2mm FAC M o] &3 Fo
o o v 2 Y EAgs BT

4. BE A% Tl 54 55 udss 9 B daFHE AS 1
T AN
AT AME G wEaFS vtekA] Fa 9 & T Y EAfS

A4 wol 1 JEFE, AUF LhL, oA, A, T, EY £
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Aohg YEUEL BA i B A B Fe HTES 2

rr

= A
A e AP oRA e Hgdd A E=o] ghth(Naert et al., 1992). 3] gh
PYETE BA Z7 A HEo] 2T 5 = A=A Z A (biologic
complication)®} 71& A<l FA|(technical complication)s= o] A3] &AL A

714 EAld s YETUE WA 2RI 34, =R gbd, 355919 9 Fol
A (McGlumphy et al., 1998). ol YA THL 7Hd &3] BAS = Aot

-1 -



e
0%
ol
2
o
Boog
f
K
ol
32
=
(S
D
2
@
=N
—
«©
«©
)
1~
X
o
olrt
ki

(screw joint)ekal BoJstm, o] il AAdR= EAE A&l ofs) xoAXA H=
g, olu 7FfiAl= Bl o WA el A 3leo] AL o5 Hsts(preload)o] 2t
L g YARE FolW UabE o] Aelo] wAlE =] o]uf vpabe] B3O
2 9l3] #F2(clamping force)o] ARG, FFHI} gutE = 3o Ag EEH
(joint separating force)= AAE=d o] Eg|do] #FE Hr} & 4o YA =Y
HAbo] Aol (McGlumphy et al., 1998). Bickford s X5 UAl =29 AL
AR Attt A ow yal A H-oje] e (A zE)o] The A UAL
GHle Hakes dor|al, WAL Abojo] mire el BA AdH o w Hstse]
o] of7] wm, o]o] whel F WA GAAME HdkFo] AT F oltER EFoE
A Ha "3 AEol o8 viFRE YARte] e doivtar sk tk(Bickford

et al, 1995). WA} =1 A= JETES] A, wg #A, F=3 wd 3 =5
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034

W 29 B2 53 Ave] vk EH A AAY AAH BAZ 8 74 A
2 Aelel A HAow A qUAE Frete] ARl o2y F43 Fe

<8 WEY duHo] V% stk UAb EHE WAE] flete] Uabe] o), yAb
Abzp Zeo] mek, 9% 2 xW 5o FHE WIS = i, A 1 AR 5 v
Atz W3E F7]% 3h(J.H.Choi et al., 2006). Koriothol 2l&td JZHE X
= = WAt stainless steel 9P E A &3te] ALY 3 WHAE 54383

7 Wl A7t F7kskvkar B ek itk (Korioth et al., 1999). Versluis 9l
ofstw gk 2AME Tl HA FEo 4FuE ME HAEFoEN HdatFel I

F& FA BEor A FYlE A AL B ohe QB Hyge] 3
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1

2)

3)

4)

2 ATl E o5 dAY JEFE A2"S ARESlon, AARSeA 1A
Aok AdiFet o7t Adslk= WAle F skl th(Fig. D).

AEHE gA

A4 el AFE 2 = FA 4.0mm, Zo] 11.5mme] 95 AAY JZ
E 3 AA(UST, Hybrid RBM Cp titanium grade 4, Osstem Implant Co.Ltd. Bu-
san, Korea) 50715 AF&-3} 3 th(Fig.1).

==

PBUE AT
AZHE X 5(Cement type, hex regular abutment 5.0 Osstem Implant Co.Ltd.

Busan, Korea)x= &7 5.0 mm 9 AHWE FX8 X FE A5 tH(Fig.1.0).
Ao 5= WAL

Heby #2om Ad AmF 4Ah 50 A AFEekAchFig. LA). Ago] ALgH
AEVE At AUF, AT WA, el Aee Helsd Table 1 3
ch
A

M= HEeHg Aol w4 HEHg(Grade2), HEHT Fw(Ti-6A1-4V)=
Q2,5 A & 57 (0.1mm, 0.2mm)E A Zste] & 4 & o] FUth,
gA7tEdA el oste] 9 4o] 2.5mm, WA 2.0mm o2 At 40 ME
F&3HAth A g vAbe] A Fdstal WA WAt ofgte ol TS
.03} th(Fig.1.B, Fig.2).
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Fig.1. Schemes of implant fixture — abutment complex

A: Abutment screw B: Washer C: Abutment D: Fixture

A:2.5mm A:2.5mm

T:0.2mm

Fig.2. Schematic diagram of flat washer

A : Outer diameter B : Inner diameter T : Thickness



Table I.Dimensions of implant components used in this study

Fixture ?41X11.5

Abutment ?»50X5.5

Abutment screw @ 2.0 / pitch 0.4

Cp Titanuim washer Outer @ 2.5 / Inner @ 2.0 / Thickness 0.1 and 0.2
Titanium alloy washer Outer @ 2.5 / Inner @ 2.0 / Thickness 0.1 and 0.2

Table II. Physical properties of commercially pure—titanium and titanium alloy

Fixture Ti (grade 4) 114 390
Abutment Ti (grade 3) 104 320
Abutment screw Ti-6Al-4V 110 870
Cp titanium washer Ti (grade?2) 103 250
Titanium alloy washer Ti-6Al-4V 110 870

B Ao Algw BEE 584 AAS Tablellol %A Y Helsen et al.,

1998).



F.aT Y

DAY 2o 2R

o] M E ALEE M, 74 0.1mm Elels = M E AL
HeHr 35 M5 AHES Ve s 73k 24 aukt 10719 QA -A b+
B2 A8 tH(Tablelll). Digital strain gauge(DC Strain Gauge Amplifier
GM 70, Messtechnik co., Alfdorf, Germany)E ©|-& 3] A+ YAIS %< AL

of ¥ EA#S 54 a3 thFig.3).

Table III. Classification of experimental groups

Gow e Composionot oo
I —_ — —
I + Ti (grade?2) 0.1
m + Ti (grade?2) 0.2
v + Titanium alloy 0.1
\Y% + Titanium alloy 0.2




Fig.3. Digital strain gauge(Amplifier GM 70, Messtechnik co., Alfdorf, Germany)

Digital strain gauge positioning jig

¥

8mm

Fig.4. Implant fixture positioning jig

2) dZHES} AvFE FY nGshy] f3 = A%

JJZUE 1AHAE Digital strain gauge(Amplifier GM 70, Messtechnik co., Alfdorf,

Germany)®] 44 A uAANA F d=F AT HAol 8mmel =5 AL

(UCLA plastic/ PSR 200 hex regular/ abutment, Osstem Implant Co.Ltd., Busan,

Korea)& % 3%, Al¥S AT vt JEFE 1840 A2E AZst]
A

Digital strain gauge®l]l ZAA|A A&S A& 5+ HFig.4).



3) A 44
Digital strain gauge& ©]&3}e], A|ZA}o|lA FH3d 30Ncm = AUF UAE o

Ak TEelM VEAAE shbe] AdFel shtel sy ALgaheinh,

5) AABA-ANF HFA Fe] A2 L |
A BoA dd= @Ho| section® F YEZ A L ZH
WA 2t AYFEL FAE digital torque gauged] 30Ncm torque® i
£ o]&sto] A ANFE F7 Epoxy resin®
2 Xujg . AlH @S Aur](Variable speed grinder. Metpol-1, Research
and Business Inc, Daejon, Korea)& ©]-&3}o] 43} 400 RPMoll A 320 grit 2
g2 Fhalo] =X E o] gsle] Hakstal 300 RPM oAl 1200 grit silicon carbide
paperg ©]&ste] dAwmpste] agA o] Aojyde] FHwe AU A= Aot
73 (Axio Imager.Alm, Zeiss co., Oberkochen, Germany)< ©]-83}o] 25, S50M| &=
Adwe] S A5 ol& PCE o|n A gd= At vALe] v F-i

FEH g /A #, 5 AYE SASAHFig. 7~1D).

A A 8]= SPSS for Windows 12.0 (SPSS Inc., Chicago, Illinois, U.S.A.)
S o] &3l EASIY. 9 F AZE JSHEY AUF yAte M E IS
e JdE2H(DHF GMHE AU £E5S vusty Hy FFAXE AASHSI L

7F #7F Y B AF T 95% £ 2.2 one way ANOVA testE Al ajaho],



5

=1

SEO
g
=

=

o] Az FA web EY EAhel oWt AJolE YA

Zkell i3l Scheffe test Al&)ste] AR A3 ATHp<0.05). B
nj X =2 dolr 7] 938 repeated AN
9 Bl FoAt

of wep Y Eagkl o| o
test ol §atel, & srolx Z4 5o

3FATHp< 0.05).
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III. A+ A¥

7} %jiﬂ] TS ANOVA testZ v 23 A3}
ZF 507 YETEY 2+ 72 10719 nAA-A g5
HE AT Atell kM E ARESHAl 2 ol Ml ¢
oo E9 EAgS SATHoR FostAl 2 @2 A< 0.05), (Table V).
¥ EF A W dio]’E plottings] RW o 2

!

=

}?—_‘_t;;:] ]E }\47(4 ],O:hjr. o] =
=

%E ]’%2:5_]_— H,H], IV7 V

’1

Ao YA EF

}(Fig.5).

Table IV. Removal torque value of different groups

Removal torque value

Group

Mean (NCm) Pair Standard deviation
I 24.88 1.72
11 26.45 1.84
11 27.06 a 1.80
v 25.74 b 2.11
\Y 26.74 1.72

a,b,c ; pairs that have not significant differences by Scheffe’s test.

. A9 A mE v

ool Aol wet Bleks oM E AREE O, M3t Hebg 35 M E A
23 V-, V-2 vl L8] Bt One-way ANOVA test A3}, thE(1 wH)el H]3)
SPME AP o mM EH EAGS Fo5HA 2 whel SAHEATHp<0.05).
bAoA mlaol A (1 b)ell Hlske] Elebg (grade2)®] £9 EAFke]
o A =t iR (I D)H Hebw @5 g vl A= EHebw g@e o9
9 B2 A veseH, &5 Helg 2 Hibw @9 o 2u 4 BEAy
o =LA AFel7F AR (p<0.05).

v

-lJ
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Fig.5. Box plot of statistical results in experimental groups.

Table V. Comparison of removal torque value between different washer

composition

Removal torque value

Composition
Mean(Ncm) Pair (p—value)
Group 1 24.88 — =
a (.000)
Cp titanium grade?2 96.75 - .
(Group I, 1) ] (.000)
b

Titanium alloy

26.22 - — (.019)

(Grouplv, V)

a,b,c ; Statistically significant (p< 0.05)
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. M9 FAC mE v

EANHORE oMo FAC e F3 A4S vlaue A3 dix2a (1)
H Al 0.1mm A9 &5 ARESE o+ o A & ¥ Ea7 SA A
0.2mm 779 ¢tME AFEE 2 0.lmm F i
A2 s Btk AdA R 0.2mm FAY GME AMES o] M w2 E9
EAs Btk

A

pud

Table VI. Comparison of removal torque value between different washer thickness

Removal torque value

Thickness
Mean Pair p-value
Group 1 24.88 1
a
0.1mm (Group1II, IV) 26.10 = c .000
b
0.2mm (GroupIll, V) 26.88 1 _

a,b,c ; Statistically significant (p<0.05)

40 wE £9 Eagt ¥st

Al 54 Sl wet E3 EAgke] oW J5g v A=A Golry] 93]
repeated ANOVA testE A3}t 1 A3 54 357 7 €45 29 B3
fhol frold A #Haste Adom yetwgth ey oo Aoy FAe] Aol
of W JFe USIth Fig.6olA 9k o] =4 3157} Z713el whet 2t ol A 9
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Fig.6. Results of measurement evaluated by repeated ANOVA test

Table VI Distance from screw head to fixture hex top

Group Left (um) Right (um)
[ 3064.3 3057.6
I 3171.4 3167.8
1 3260.7 3257.6
v 3153.5 3150.0
\Y% 3271.4 3253.6

14 -



Sojgromm A5A B Fol A kel ez Dol M) FAE Fushs
QA Aolsh AAsh= AL HAY 5 ATHTableD).

b
) Jv"-r'ff»'_

(a)
Fig.7. The optical microscope images of sagittal cutting specimen.

(Magnification(a); x 25, (b); x 50) — group 1.

(a): Overview of screw joints (b): The relevant parts of the study specimen

A : Head of the abutment screw B : External hex top

- 15 -
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(a)

Fig.8. The optical microscope images of sagittal cutting specimen.

(Magnification(a); x 25, (b); x 50) — group 1I.
C: Washer (0.1mm)

(a)

Fig.9. The optical microscope images of sagittal cutting specimen.

(Magnification(a); x 25, (b); x 50) — group III.
C: Washer (0.2mm)
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(a)
Fig.10. The optical microscope images of sagittal cutting specimen.
(Magnification(a); x 25, (b); x 50) - group IV
C: Washer (0.1mm)

i

AAANAAA

(a)
Fig.11. The optical microscope images of sagittal cutting specimen.
(Magnification(a); x 25, (b); x 50) — group V.
C: Washer (0.2mm)
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FAH. ol Koriotheol 17olM dETES] At = witel SR FE| 9
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SN E Agate] 3 Wl vAe FFS dotE e AME A8 S W+
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- 18 -



A HKorioth et al,, 1999). & AFolAE 2 Fjo] M E ALl om, T3t
o o] AR FAE tr2A At Versluis ol 2std §4 YAtel &5 44
sto] WAbE 28s W A Adates F3es A WHoRE Hrtedled A4 3
o] oM E F F4 WA} gold prosthetic coping AFolel
Zhell @S WA, UAb E9H U A =eS oAl ekl o8 T fFAIUAE
o] VAR UARE Abo]l Helnkg Akl
o SME A& omHA Halgd dFS FA FRkow, Wi EdHoll= AAEA
P o] AAERE of e} AEI 5o Yo dFS Frhal sk th(Versluis et
al., 1999). Versluiss-> 9t 2] HHE conical FEHIZ sto =z ofro] {Lx40 7
=Z 313911, Branemark A]Z~Elol| & -&3}%it}.
ATt Aol A Mo Al wet =4 Bl (grade2) oMM E ARES O,
B e M E ARES VI, Vg Blad] RS o Y Ease &
o] ZAFAHp< 0.05). 1999 Korioth, Versluis &= A thF A}
Na7F FEFeR Ho dojd Zd BEagle] o A dElgtia Ads)
of W& Eekw A WAket 5 oM Abolo] A2 wol delEort WES Al
o=y v gk {FHS olErhe d9E AT Aok Ed Kang 52
Hop o2 Ao e oM E ARete] E1
AR 52 ME ARSIl 150N dFo® 18003 A& & A3 Ay
Azke] F7HE Helo, 12,6003 A§ Fole EH EA F7te &

=91 B o] A
o] = AxE B usFHTHY.M.Kang et al., 1996). Kang 59 dFoAsE Fx
g oS ARgskdlon, B Aol Ak A Al ekl dah AAtd ElE
' M E ARSI EHEbe @5 AdSs WAkl EEbE M E A&Ee] Y E
Age ST Ade Mo Aol wet Fojds Blen, o= grade 2 £
B Hebe dee A= Aol wEelgta & 4 vk WARE Atele] AW

|
Fig.12(a, b, ¢, d, e)olAl Felsjmd Alzlo] A Holx nreal = die= Ak

2

-19 -



g 7bsAo] rh ole] AwAd] 28 AR oA
Astel wesigon] shuls Azt A Hgode Az srls gtk AdF

Abptat A W Afole] A o] Aol7t vi= A & g vk oA AR

shrjel Aol uwhel WAF @ael ROz AREC Grade 29 HEFFS HEHE §
ol Ha] & X, w4 =

F7F S Hom mFol & uf AdF UAbE

o7& Aotk sHA & ARA SAHE A= oA

of Wel dis) e dsol FE7] wEol, oo g F71H] A7 2ed A

I AR §A4 YA Al EE s 84 A4S (modulus of elasticity)9F

o] ded, 23S d9F e S8 ofd AEdvel wet B2 29 #4A

= A&, g WA UAaE Akl wet dsks e Srkstthrl, A= A
=
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Fig.12. The overview of optical microscope images of sagittal cutting specimen.
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Abstract

Effect of washers on removal torque of abutment screw in the

external connection type dental implant

Otgonbold Jamiyandor]

Department of Dentistry
The Graduate School, Yonsei University

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

Many studies have been made in order to solve the screw loosening problem
which is one of the most frequent complications in implant supported restorations.
In this study the effect of washers with different thickness (0.1, 0.2mm) and com—
position(cp titanium, titanium alloy) on screw removal torque was evaluated.
Washers were applied between abutment and abutment screw, and its removal
torque was compared with that of the control group without washer. Using an
optical microscope, cross sectional images of the specimens were obtained and
displacement of were measured at two locations in both right and left side. One-
way ANOVA was used for statistics. The conclusion is as follows:
. 1. In the group using the washer, increase removal torque was observed with
statistical significance when compared to the control group without the wash-
er.

2. In accordance with the composition of the washers, the removal torque values
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of titanium alloys were greater than the pure cp titanium group.

3. In the effect of thickness of the washers were also statistically significant.
0.2mm thickness washer groups showed higher removal torque than other
groups with other group removal torque values were compared with a re-
moval torque.

4. Removal torque values decreased in all groups with repeated measurements.

However, further studies are necessary under the cyclic loading in order to

make proper decision on material selection and design of the washer.

Key Words : Implant, abutment screw, washer, composition, thickness,

removal torque
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