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Table I. Features of implant abutment systems

2 Ao M E AVANA(Osstem Implant, Korea)
9] external butt joint G2 HENE 71A= US II A
282} internal cone AZ2FEHS] SSTH GST A
288 AHEEHTHTable 1), AtF YA Al2E
W2 AVANAY Blehs E3(Ta) Witeh B9 7+
Hlo|= ol gt 2 BW X2 (WC/CTa) UAHE Al
L35 H(Fig. 1.

2. AT7EH

A7x, PAg EGA A (DTDK-20EX, KANON,
£ o] &3t 5 NemZ At JAME 291 &
A7 &3S A dxd FA71(CT6Y-1,
Autonics, Korea)d] 974 23< stk L & A
g EgfolA 2 ALA 24 A48 S sl 30
NemZHA] YARE: d33] Feolx 1 we] 29 3
2+& 238 (Fig. 2). Alz=®vuith Ta WAkgh
WC/CTa WAL 570& Abgslgen z+ YAteiy 5
3] W kit
HaE Fhulo|l /g I8 {7 i 322
atole} AZME Alxwl o] 3172 #shgo] Ao

Implant  Implant Implant/abutment interface Abutment Abutment
system pmm screw
US1II 4.1 External butt joint (external hexagon) Cemented ’IV;?C /OTa
SS 1T 4.8 & Morse taper (internal octagon) ComOcta ’\I)‘\?C/CTa
GS1I 4.5 11> Morse taper (intenal hexagon) Transfer TWaC /CTa

Ta=titanium alloy: WC/CTa=tungsten carbide/carbon-coated titanium alloy.



Fig. 1. Two AVANA abutment screws of different
surface: left, titanium alloy screw: right, tung-
sten carbide/carbon—coated titanium alloy screw.

US Il system

SS 1l system GS |l system

Fig. 2. Assembly of rotational angle measure-
ment apparatus.

Fig. 3. Schematic diagram of implant component
stack positioning in compressive force measurement
apparatus.
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Fig. 4. Digital indicator for measuring compressive
force.

Ul F Feie} 20} aln F5ARE
7} 3l AXEE 5
Aol we} BAYsl=
&5 &9 oh(Fig. 3).

45 S A AAg dZUHE
A2 AT F tAE EFA )X E o
At YAHE 30 Nem7HA] 38 zolz, ojxg
A7 (MI-15W, SENSTECH, Korea)oll vebdt ¢t
%£38g 29 tH(Fig. 4). YZHE Al 2dnjc}
Ta YA WC/CTa UAL 5708 AH43i99e, &
LAbele) 53 gk si9dc),



(3) HEAd wE gy FY A &
ANF VAL utEA A0 wE &
Aol Hgls A3 Y5td, GS 11 Al~8e
A A9} transfer abutment® 4&8 23 2%
;ﬁf‘]ﬂJ_ 30 Nemel Aoz )3 JALE AA
g 333 T fAE EAAE

01%5}04 9 AEE S5 A9 AR S
103 WHE-=4 st on 5709 Ta YA WC/CTa
UALE AMS-SIE T WA EE wlB 2 Q1 oatE
7] fal 103] §HEESE F JERE uHAE A
Ao R wEhete] thA| 44 o}ﬁtlr

Ta YA} WC/CTa WA HHEA|Z Bl 4o uh
H5H 24 Y st frode dduA] &
AR OEE S AFYE ol gt 47 HH
tgon, F YAl kel AAAQ &} F9 3
e el Fgh Aol g t-testZ HA AT

‘1

=
T
A=)
[N
3l

(4) FAAAAR 7 B2 2 Energy Dispersive X-
ray(EDX) A4

ﬁ(HITACHI s 2400 Japan) oz #EsIRT, A
37t ol £ R E EDXE o] &3t & £4
sttt

Table II. Mean values + SDs of rotational value (°)

I. oA

7+ JEHE A28 Ta VAR WC/CTa YA
o] Azt 24 A2 Table 119} 21, ©] € Fig. 5
o] el B8 AlAaRlo]A 3] H 22 WC/CTa
VAL Ta vpAkRTE o 10= A= 34 Vet
(PX.05).

Internal cone AZFeRS] SSII & GS 11 Al AHl&
external but joint A2 el US I Al ="l Bt} Ta
YAt WC/CTa UAF BFollA] sl Zto] 2 A veh
wom (X.05), SS 11 Al 283 GS 11 Al 28] Afo]of
£ HA7e] £93 Aol HolA] ¥UtHP).05).

WC/CTa Y AHEE2 24 Ta vAle] H]a)
US 1T Alz8"el e 37.9%, SS II Al&goME
36.7%, 183 GS I Al 2= X & 35.9%9) 377t

o] Z7HElom, AZHE A|=d] 7he] F7hgel=
F2J3t Apo & HolA] BATHP).05).

7 QZHE A 2"l oA Ta akel WC/CTa WA
o] ¢¥%¥ 2 A= Table 1113} 21, ©| & Fig. 6
of VeRilth BE A 2woA] ¢&8-& WC/CTa
WUAZF Ta WALETE ol Al 34 S =AU
(X.05).

External but joint AZA e 9] US II A]2&l2
internal cone A2 &EN2] SSII 9} GS I Al 2§l B}
Ta YA WC/CTa WAF B5FlA 4&2 ol AA
b o m (X.05), GS T AJ48l0] SSTTA| 28] B
t} Ta YA WC/CTa WAF 250l &) 2

Al JERETH05).

Percentage of increased

Implant system Ta screw WC/CTa screw : .
rotation values
USTI 258 £ 0.7 355+ 0.5 37.9
SSII 285 + 0.6° 39.0 = 0.5° 36.7
GS1I 283 £ 0.7 38.5 £ 0.7 35.9

Ta=titanium alloy; WC/CTa=tungsten carbide/carbon-coated titanium alloy.

Same letters indicate values that were not statistically different(P).05).

*Percentage of increased rotation values compared to Ta screw.

No significant differences were found inh percentage of increased rotational values among the implant sys-

tems(P.05).
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Fig. 5. Comparison of mean rotation values in each
implant system.

Fig. 6. Comparison of mean compressive forces in
each implant system.

Table III. Mean values = SDs of compressive force (N)

Percentage of increased

Implant system Ta screw WC/CTa screw ) x
compressive forces
Uus 1t 303.8 £ 12.7 503.8 + 13.%° 65.8!
SSII 199.6 + 7.8 306.4 £ 8.6° 53.5¢
GS1I 266.6 + 11.0° 350.0 = 15.0¢° 31.31

Ta=titanium alloy; WC/CTa=tungsten carbide/carbon-coated titanium alloy.
Same letters indicate values that were not statistically different(P).05).
*Percentage of increased compressive forces compared to Ta.

'Significant differences existed among the implant systems{/.05).

Table IV. Mean values = SDs of compressive force and removable torque during 10 consecutive clo-
sure/opening trials

Compressive force (N) Removable torque (Nem)

Trials

Ta screw WC/CTa screw Ta screw WC/CTa screw
1 1804 + 10.1° 367.8 £ 159 233+ 18 21.2 £ 0.9*
2 192.6 £ 11.3*° 372.0 =54 226 + 1.7 21.6 = 0.7
3 2094 + 23.6" 3720+ 44 23.0x1.7 22.1 + 0.8
4 233.4 + 25.6° 370.8 £ 55 236+ 1.1 21.4 £ 0.2
5 2214 + 13.6° 3782 + 6.4 23.1+£0.7 21.2 £ 0.6
6 2226 = 15.7° 3788 £ 7.8 23.1 0.7 209 £ 0.6*
7 219.8 £ 19.9 3758 £ 11.1 229 £0.8 21.1 £ 0.5*
3 222.0 + 22.4° 3782+ 11.6 221 +09 20.8 = 0.6*°
9 217.8 = 17.3 374.8 + 11.8 22.4 + 0.7 20.8 + 0.6*
10 216.6 + 16.8 379.8 £ 11.7 222 + 0.7 205 £ 0.5°

Mean 2136 = 15.7 374.8 = 4.0 228 +05 212+ 0.5

Ta=titanium alloy: WC/CTa=tungsten carbide/carbon—coated titanium alloy.
Same letters in same column indicate no statistical differences(P).05).

No significant differences were found in compressive force using WC/CTa screw and removable torque using

Ta screw(P).05).
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Fig. 7. Mean compressive forces during 10 consecutive Fig. 8. Mean removable torques during 10 consecutive
closure/opening trials. Each point is the average of closure/opening trials. Each point is the average
five experiments. of five experiments.
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Fig. 9. SEM photomicrograph of distal threaded portion in pre-test screw.
A, Titanium alloy screw(Original magnification x 100). B, Tungsten carbide/carbon-coated titanium
alloy screw(QOriginal magnification % 100). C, Titanium alloy screw(Original magnification X 1,000).
D, Tungsten carbide/carbon—coated titanium alloy screw{Original magnification %1,000).
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Fig. 10. SEM photomicrograph of distal threaded portion in worn screw after 10 repeated closures.
A, Titanium alloy screw(Original magnification X 100). B, Tungsten carbide/carbon-coated titanium
alloy screw(Original magnification X 100). C, In the arrow area of worn titanium screw, rough sur-
faces and irregular fragments were observed(Original magnification X 1,000). D, In the arrow area
of worn tungsten carbide/carbon-coated titanium alloy screw, relatively smooth surfaces were main-

tained(Original magnification X 1,000).

WC/CTa UALE AMHET o 2] Ta WAl vl3|
US II Al2EIAM = 65.8%, SS 1T AlAEA =
53.5%, 12|31 GS II Al&" M= 31.3% 9 4=
g F7heS BYon, od Fted ASHE
Al 228]] Atolo]] F&J gt atolE BITHX.05).

HEEA o] W2 Ao YAte] EE 9 £ 3
AE S =233 A3 Table IVS} 2L, o] & Fig. 7
7} 8ol YERAATE.

RHEAZ e ¢%He WC/CTa YA 2%
AZ B o] b fofg Apo] & Holx] ggtony
(P. 05) Ta YAte 130l H]3] 331 9H frelsiA &
g8 VeEATHX.05). BEAZd e =
d 3A 4 2-& WC/CTa WAk 2% 334 7H4
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2 29 ERoN 281k 4819 Fo) Aol & 2
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Fel% o] & Rol| YTHP.05).
1089 27 239 458 AAAQ FFde
WC/CTa UAFE ALg8 A 97h Ta VALE 4184
ASuch Ao, $4 Hade) W4 FEge
WC/CTa WS AVE8 797 Ta UALE ALgd
2S00} 2TH 05).
AL Ta Yk WO/CTa L
27] EWE $AY A PLEAL BF 029
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Fig. 11. EDX spectra for the surface of pre-test abutment screws.
A, Titanium alloy screw. B, Tungsten carbide/carbon—coated titanium alloy screw.

Table V. Concentration{wt%) of titanium, aluminum and vanadium on smooth surface and metal frag-

ment in worn titanium alloy screw

Smooth surface Metal fragment
Ti 91.8 95.0
Al 2.8 1.4
Vv 54 3.6
Summation 100.0 100.0

Ti, titanium: Al, aluminum: V, vanadium.

10), WC/CTa YALY] ERHIME vAg FEo]
TAE7 e oy AR ez U &4 glo] =
Ho] vz A & {51 3.
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= a9 FEQ HebEd 470 18a vy
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de g2l Flulel=rl F2 AEHA L A
YAz 28 85 AT 103 A2 &
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HHEA A A A UFE AR S FAAA-EN S
ol &3] TAG AF Ta UALS}E WC/CTa YA &
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ABSTRACT

INFLUENCE OF TUNGSTEN CARBIDE/CARBON COATING ON
THE PRELOAD OF IMPLANT ABUTMENT SCREWS

Jin-Uk Choi, D.D.S., M.S.D., Chang-Mo Jeong, D.D.S., M.S.D., Ph.D,
Ybung-Chan Jeon, D.D.S., M.S.D., Ph.D., Jang-Seop Lim, D.D.S., M.S.D., Ph.D,,
Hee-Chan Jeong, D.D.S., M.S.D., Tae-Gwan Eom*

Department of Dentistry, College of Dentistfy, Busan National University
*Osstem Implant R& D Center, Busan, Korea

Statement of problem: In order to increase preload with reducing the friction coefficient, abut-
ment screws coated with pure gold and Teflon as dry lubricant coatings have been introduced. But
the reported data indicate that if screw repeated tightening and loosening cycle, an efficiency of
increasing preloéd was decreased by screw surface wearing off.

Purpose: This study was to evaluate the influence of tungsten carbide/carbon coating,
which has superior hardness and frictional wear resistance, on the preload of abutment screws
and the stability of coating surface after repeated closures.

Material and method: The rotational values of abutment screws and the compressive forces
between abutment and fixture were measured in implant systems with three different joint con-
nections, one external butt joint and two internal cones. Moreover, the stability and the alteration
of coating surface were examined by comparison of the compressive force and the removable torque
values during 10 consecutive trials, observation with scanning electron microscope and analyzed
the elemental composition with energy dispersive x-ray spectroscopy.

Results and conclusion:

1. Application of coating resulted in significant increase of compressive force in all implant sys-
tems(X.05). The increasing rate of compressive force by coating in external butt joint was
greater than those in internal cones(FX.05).

2. Coated screw showed the significant additional rotation compared to non-coated screw in all
implant systems(/X.05). There were no significant differences in the increasing rate of rota-
tion among implant systems(P).05).

3. Removable torque values were greater with non—coated screw than that with coated screw
(X.05).

4. Coated screw showed insignificant variations in the compressive forces during 10 consecu-
tive trials(P>.05).

5. After repeated trials, the surface layer of coated screw was maintained relatively well. However,
surface wearing and irregular titanium fragments were found in non—coated screw.

Key words: Tungsten carbide/carbon coating, Abutment screw, Preload
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