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Tite, titanium screw (Implant Innovation, USA) 3.0x10° torr7hA] Wi7]A7)3L mass flow con-

9} Steri-Oss®] TorqTite, titanium screw (Nobel trollerg o] &-8le] Ar gasE 10~20m torr= ZH3F

Biocare, USA) 2@ AVANA®] gold screw, titanium ATt o] 900 W2l power® Ar Z&}20}E WAA]
screw (Osstem Implant, Korea)E 742} 3744 A& 71 A5 DCE rlsle] < 1085 443}
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Table I. Manufacturers and type of screws used in this study

Implant manufacture Type of Screw Type of Alloy
3i, GoldTite Gold-plated gold-palladium
Tmplant Innovation Titanium Titanium
Steri-Oss, TorqTite Teflon—coated Titanium
Nobel Biocare Titanium Titanium
AVANA, Gold Gold
Osstem Implant Titanium Titanium
(a) (b) (c)
(d) ° (e) (f)

Fig. 1. Abutment screw for this study. (a) GoldTite of 3i, (b) TorqTite
of Steri-Oss, (¢) gold screw of AVANA, (d) titanium screw of 3i, (e) tita-
nium screw of Steri-Oss, (f) titanium screw of AVANA).
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Fig. 2. Flowchart of the ion plating.
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Fig. 3. Photo of the ion plating apparatus.
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Fig. 4. Photographs showing TiN and ZrN coated abutment screw. (a) TiN coated titanium screw
of 3i. (b) TiN coated titanium screw of Steri-Oss, (¢) TiN coated gold screw of AVANA, (d) TiN coat-
ed titanium screw of AVANA, (e) ZrN coated titanium screw of 3i, (f) ZrN coated titanium screw
of Steri-Oss, (g) ZrN coated gold screw of AVANA, (h) ZrN coated titanium screw of AVANA
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Fig. 5. SEM micrographs and EDX spectra howing
surface morphology of non coated abutment screw.

(a) GoldTite of 3i, (b) titanium screw of 3i
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Fig. 7. SEM micrographs and EDX spectra show-
ing surface morphology of non coated abutment screw.
(a) gold screw of AVANA, (b) titanium screw of
AVANA).

s Sonoxey

Fig. 9. SEM micrographs and EDX spectra show-
ing surface morphology of TiN and ZrN coated
titanium screw of Steri-Oss. (a) TiN coated, (b) ZrN
coated
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Fig.

. SEM micrographs and EDX spectra show-
ing surface morphology of non coated abutment, screw.
(a) TorqTite of Steri~Oss, (b) titanium screw of Steri-
Oss

x:u
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Fig. 8. SEM micrographs and EDX spectra show-
ing surface morphology of TiN and ZrN coated
titanium screw of 3i. (a) TiN coated, (b) ZrN
coated :
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Fig. 11& AVANAY] ElE}l5UALR (a)= TiNS
(b)e ZINS 2¥3 i T ISR &2 A
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Fig. 12& Vickers AEAE AM-&Ho] 3i9] tita-

Fig. 10. SEM micrographs and EDX spectra show-
ing surface morphology of TiN and ZrN coated
gold screw of AVANA. (a) TiN coated, (b) ZrN coat-
ed

Fig. 12. Optical micrographs showing typical
Vickers indentation of TiN and ZrN coated titani-
um screw of 3i. (a) Non coated, (b) TiN coated, (c)
ZrN coated

nium screwd] AEE 243 & e BEEHn A
o2 #Yg Z o2 (a)& Non coated, (b)= TiN
coated, (¢)¥ ZrN coated WAFY] F&EAL=rolt}.
FEagelM e FHBA| &2 (a)ol ¥gke] TiNT
ZrNe] 28 E (b)¢ (¢)7} i 27 veput A=
7 ENNEE G T °‘E}

Fig. 13& Vickers Z=A1& A8-3le] AVANAS]
gold screwd] A =2 233 3 UES Fadv| e
2 #9493 A2 & (a)= Non coated, (b)& TiN coat-
ed, ()& ZrN coated WAL ¢HE Ap=tolth Tiel| 3

Fig. 11. SEM micrographs and EDX spectra show-
ing surface morphology of TiN and ZrN coated
titanium screw of AVANA. (a) TiN coated, (b)
ZrN coated
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Fig. 13. Optical micrographs showing typical
Vickers indentation of TiN and ZrN coated gold screw
of AVANA. (a) Non coated, (b) TiN coated, (¢} ZrN
coated
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T R EHE SEMT o83t #FG Aoz
(@)= Non coated, (b)= TiN coated, ()= ZrN coat~
ed UAle] nlE g ot} mlRe] Zo| IREA] ¢
Table II. Vickers Hardness Value of TiN and < o] vlgte] 2HE A9 FA vede ¢
ZrN coated surface Atk 53] TiNel ZHE ()7} (0ol Hlste oyt
SAMPLES HARDNESS Zo] AA veht Tivkitel & TiNG| 28 5]go]
(Hy) Ao] 9538 Hol},
ST 423 Fig. 15% TiN#} ZrNe|] Z8¥ AVANAS gold
Steri-Oss Ti 434 )
Non Avana Gold 360 screw XHQ WnlRA-E& ZASH] $351o pin on
Coating Avana Ti 429 disk type VIRAIE 7] E o] 83l ulRA|E S 33t
Gold Tite 3i 403 3 neEHe SEME o] &sle] #AE Aoz
Steri-Oss torg Tite 391 (a)%= Non coated, (b)i= TiN coated, (c)& ZrN coat-
. STt 564 ed YALe) mkREHo T Gold screwsll = ZrNw)uhe]
TiN Steri-Oss Ti 517 _ o
Coating Avana Gold 512 PHESI Zol7h A vheht Aol ke ¢
Avana Ti 551 4 At} Table & BE AlH sty nlRAE
3i-Ti 671 A3} Fo] BAE ZAste] vlme Avjo|w| njR g}
ZrN Steri-Oss Ti 656 & TiNETHE ZiNS 283 497} 20 adn
Coating Avana Gold 639 =

=35 TihAlel TING ZE 3 74991 F2UAle] ZeN
& 299 797} vhrao] 2 22 BelL,

Avana Ti 045

Fig. 14. SEM micrographs showing wear trace of Fig. 15. SEM micrographs showing wear trace of
TiN and ZrN coated titanium screw of 3i. (a) Non TiN and ZrN coated gold screw of AVANA. {(a) Non
coated, (b) TiN coated, (¢) ZrN coated coated, (b) TiN coated, (c) ZrN coated
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Table IIT. Weight loss of TiN and ZrN coated screw after wear test

BEFORE WEAR AFTER WEAR Weightloss

SAMPLES TEST (g) TEST (g ®
3i~Ti 0.090 0.069 0.021
Steri-Oss Ti 0.073 0.051 0.022
Non Avana Gold 0.266 0.240 0.026
Coating Avana Ti 0.086 0.064 0.022
Gold Tite 3i 0.292 0.270 0.022
Steri-Oss torg Tite 0.069 0.049 0.020
3i~Ti 0.092 0.081 0.011
TiN Steri-Oss Ti 0.076 0.066 0.010
Coating Avana Gold 0.268 0.256 0.012
Avana Ti 0.088 0.077 0.011
3i~Ti 0.093 0.081 0.012
ZrN Steri-Oss Ti 0.076 0.069 0.007
Coating Avana Gold 0.269 0.263 0.006
Avana Ti 0.088 0.077 0.009

6 a5 im = e v w0 oA

T e o s 6 i

Fig. 16. Surface roughness of TiN and ZrN coated
titanium screw of 3i before wear test. (a) Non
coated, (b) TiN coated, (c) ZrN coated

Fig. 16& wEAIEAT A3 BH AWV E
Solr 7] Yot T AA7] SH71E o83t 3i
implant innovation®] ElElg WARY] wtEAIEA
o] FHAAYE Ve o}, (a)= Non coated,
(b)E TiN coated, (c)E ZrN coated YA+ EHA
A7|2 oM B AAV|I gLt v
g FHo| Aol ¢ F Ut

Fig. 17& Fig. 16A19 < w2 A1@3 & 3i
implant innovation®] EJeHE vhatel mkzAlE e
B AAZE vehlla ot (a)E Non coated, (b)
£ TiN coated, (c)& ZrN coated WAFe] ¥H AR
72 PRAE S 3 Fo= Ao e A
A7t 3A F71eh 5] IR 2A FH A
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Flg 17. Surface roughness of TiN and ZrN coated
titanium screw of 3i after wear test. (a) Non coat-
ed, (b) TiN coated, (c) ZrN coated

A7} 2o & & Atk 58] Ti YAl TiNg
FYI A9 (b)E ZINS ZH G (¢)l ¥gted A
A7t A F2EE Bl

Fig. 182 wlRAEATF AJgd 3o #H AAVE

dolr 7] Y3t HH AAI $H7E o] 83t
AVANAS| gold 1Hrte] mirAIE A B A7 E
el slc},. (a)E Non coated, (b)& TiN coat-
ed, (c)t 71N coated YALe] EH A7 2 A&
o2 A9 AAY7} st wjgt HHe| A
J3AZ & 5 ot

Fig. 19 Fig. 18A¥1& nl& AlF3F & AVANA
9] gold WAHe] mlRAIE Fo] HH A7 E vEh]
3 ok (a)E Non coated, (b)¥ TiN coated.,
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Fig. 18. Surface roughness of TiN and ZrN coated
gold screw of AVANA before wear test. (a) Non coat-
ed, (b) TiN coated, (c¢) ZrN coated
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Fig. 19. Surface roughness of TiN and ZrN coated
gold screw of AVANA after wear test. (a) Non

coated, (b) TiN coated, (c) ZrN coated

Table IV. Surface roughness of TiN and ZrN coated screw before and after wear test

SAMPLES BEFORE WEAR TEST AFTER WEAR TEST

Ra um Rmax un Ra um Rmax um
3i-Ti 0.15 1.09 0.36 4.44
Steri-Oss Ti 0.12 3.37 0.20 5.62
Non Avana Gold 0.19 3.69 0.24 3.81
Coating Avana Ti 0.24 3.81 0.38 6.13
Gold Tite 3i 0.07 1.08 0.10 4.82
Steri~Oss torg Tite 0.13 1.43 0.33 5.53
3i-Ti 0.07 1.86 0.12 3.69
TiN Steri-Oss Ti 0.08 1.59 - 0.14 6.44
Coating Avana Gold 0.04 1.22 0.13 5.03
Avana Ti 0.07 0.85 0.17 6.70
3i-Ti 0.04 0.96 0.11 2.80
ZrN Steri-Oss Ti 0.07 1.12 0.12 3.50
Coating Avana Gold 0.04 0.94 0.10 2.33
Avana Ti 0.07 1.69 0.12 3.45

(¢)& ZrN coated YA B8 A2 nl2AE S
g Toll= vtEAIY Hoj vjste] AW oZ FW
o] AR} 2A Frkete 595 ZRFeEN W
o] A7 AAaEE & F Uuh 53] gold WAl
ZiINE R 3921 (o) TiNS 8 (b)o] ¥
dtd AA7N 7} vfRAIEA Y] Ftat 22 FUg A
A7 & vehljol A7) 2AaES Bt

Table V= 5.5 AlHd thste} Ad7] B33 Ra
o Z) A&7 7 Rmax &% =X 2 Yehd Ro)
t} o7]oA 2H Ra gkl gold WA} titanium W}
Aol wldte] "el7tgAdo] f4sted TR A
7 A vebdE & 5 ok 28y nfEAE S 3
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ABSTRACT

EFFECTS OF SURFACE COATING ON THE SCREW RELEASE
OF DENTAL IMPLANT SCREW

Cheol-In Koo, D.D.S., M.S.D., Ph.D., Chae-Heon Chung, D.D.S., M.S.D., Ph.D.,
Han-Cheol Choe, Ph.D.*

Depr. of Prosthodontics and Dental Materials®, College of Dentistry, Chosun University

Statement of problem: Implant screw loosening has been remained problem in
restorative practices. Surface treatment of screw plays a role of preventing screw from loos-
ening in implant screw mechanism.

Purpose: The purpose of this study was to investigate surface characteristics of TiN and
ZrN film ion plated screw with titanium and gold alloy screw and to evaluate wear
resistance, surface roughness, and film adhesion on screw surface using various instruments.

Material and methods: GoldTite screws and titanium screws provided by 3i (Implant
Innovation, USA) and TorqTite screws or titanium screws by Steri-Oss (Nobel Biocare, USA)
and gold screws and titanium screws by AVANA (Osstem Implant, korea) were selected.
Ion plating which is much superior to other surface modification techniques was carried out
for gold screws and titanium screws using Ti and Zr coating materials with nitrogen gas.
Ion nitrided surface of each abutment screw was observed with field emission scanning elec-
tron microscopy(FE-SEM), micro-diamond scratch tester, vickers hardness tester, and sur-
face roughness tester.

Results:

1) The surface of gold screw and GoldTite is more smooth than ones of other kinds of non

coated screw.

2) The ZrN and TiN coated surface is the more smooth than ones of other kinds of screw.

3) The hardness of TiN and ZrN coated surface showed higher than that of non coated surface.

4) The TiN coated titanium screw and ZrN coated gold screw have a good wear resistance

and adhesion on the surface.

5) The surface of ZrN coated screw showed low surface roughness compared with the sur-

face of TiN coated screw.

Conclusion:

It is considered that the TiN and ZrN coated screw which would prevent a screw from loos-
ening can be appilcable to implant system and confirmed that TiN and ZrN film act as lubri-
cant on surface of screw due to decrease of friction for recycled tightening and loosening.

Key words : TiN, ZrN, Wear resistance, Surface roughness, Film adhesion
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