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Fatigue Fracture Phenomena of Dental
Implant Fixture Used Titanium Nitride
Coated Abutment Screw

Jung, Da Un, D.D.S., M.S.D.
Director : Prof. Chung, Chae—Heon, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to investigate fatigue fracture
phenomena of dental implant fixture used titanium nitride coated abutment
screw under cyclic load.

For the research of the fatigue fracture phenomena of dental fixture,
TiN coated abutment screw(ShinHeung MST: TiN Screw RP/Luna), the
fixture(Luna ¢4.0 x 11.5mm), abutment(Duo Abut. $4.5G/H2.0 H5.5 Hex)
of internal hex type were prepared the each part of implant system used
in this study for fatigue test after repeated loosening and tightening 5
times. After loosening and tightening, implant system was cut by diamond
cutter for observation of fitness between fixture and abutment screw.
The abutment surface and cross—sectional surface were observed using
EDS and FE-SEM.

For investigating of fatigue fracture of dental fixture, the fatigue test
was carried out according to ISO 14801:2003(E) using tensile and
compression tester (AG - 10kNX, Shimadzu, Japan) with repeated load from
30% to 80% of static fracture force. And then fracture surface was

observed by FE-SEM for fracture phenomena of dental fixture.



1. The fitness between abutment screw and fixture was improved in the case

of TiN-coated abutment screw compared to non—coated abutment screw.

2. The fracture cycle drastically decreased as repeated load increased.
Especially, in the case of TiN-coated abutment screw, fracture cycle

increased compared to non-coated abutment screw.

3. The fatigue crack was propagated fast as repeated load increased, the
step of striation increased from 0.5um/cycle to 2.0um/cycle for TiN-coated
abutment screw, from 1.0um/cycle to 2.0um/cycle for non-coated abutment

screw, as repeated load increased.

4. The plastic deformation region decreased, whereas, cleavage fracture
region increased as repeated load increased. Especially, the plastic
deformation region of TiN-coated abutment increased compared to
non-coated abutment screw, whereas, cleavage fracture region decreased

as repeated load increased.
In conclusion, it is considered that the fatigue characteristics and fitness

between abutment screw and fixture can be improved by performing

coating with TiN film on the surface of abutment screws.
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Fig. 1. Photographs of abutment screw, abutment and fixture. (a)
non-coated abutment screw, (b) TiN-coated abutment screw, (c)

abutment and fixture.

_iX_



r o
o
=)
il
1t
>,
ol
ol
8
ui
=
)
re
o
=)
(i,
EV)
=)
flo
N
>
>
N
>
=
o,
tlo
>
>
o
ol
o,
2
X
%
ol

c. AGA S oHERE WpALe] F24u] 2 A Y

AL HEWE  uirtel A A E=ES A 9] ISO
14801:2003(E) 7+ gl wel A& 4EFA 7] (AG-10kNX, Shimadzu, Japan)E
Ar&3Fe] 5 mm/min®] head speedZ 53t S Fo] Hu HHssS A
st A A& Ao ddetES Fig. 29 #Zo] 4t T1INe|lem
Hd  FAdsFe  80%(569N),  70%(498N),  60%(427N),  50%(356N),
40%(284N), 30%(213N) k& AddEsto] ol& Hil stz o & stal HA s



Z+Zre] 10% % 3Fe] 56.9N~569N, 49.8N~498N, 42.7N~427N, 35.6N ~ 356N,
28AN~284N 2 213N~213N®H 2 3l HbESF S H o3t wk&Esls
2 TFig. 33 #Zo] ¥4 TAAMEAF7I(ADT-AVO01kl, Shimadzu, Japan)®ll

]
=]

o

i

HE A2YS AE B

s

E y2ZA g 3k ISO 14801:2003(E) 7F
Aol we 30°0 AAAER ARAn. % F osErde HArdEs
AetEel sined MEFFS ATAE ojmETE 3o
o e LR FEE AH(LE BT

el Wit ARG 4

ofl

Sh 500%3] 74 HFWRAFE Folsglnh

711 N: fracture strength
N\

1000 \
800 -
z 600 -
=
©
S 4004
200 -
01+ . . : :
0.0 0.5 1.0 1.5 2.0 2.5

Displacement (mm)

Fig. 2. Load-displacement of implant system after static compression test
for fracture load.
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1 loading device

2 nominal bone level

3 connecting part

4 hemispherical loading
member

5 dental implant body

6 specimen holder

Fig. 3. The schematic diagrams of cyclic loading apparatus and fixed

specimen.

c. LA vzvd wHe #F
ngAe szt Eue) wEe FAAAAUZ(FE-SEM; S-4800,

Hitach, Japan)& AH&3to] 3z s th

- xii -



SEERE
1 FARAAY S o &% o MERE Lpabe] EARA

Fig. 4v 3ZW3A &2 AMEYE YALE HFa gith oHEWE 4
Abe]l UAbAH(Fig. 4-a)3 UAFH (Fig. 4-b)oll A 2AAAS Bl Aol A 2
b Alel B Ao Wl JIAARD JhEel ofg Aghe] yERl
30008 oldo & G ARlolAwE YAl A] F AR Alo]e] HEreh
FiEs Holi vt EDSE RHAES ARG A9, e A&l Ti, V
Ale]l A== AH(Fig. 4-c).

Fig. 5+ o] Z# o] 8 (jon-plating) ¢ & TINS ZE3 THS FAAAEH
ngew #Zgs Aow UAMHFig. 5-a)olA 7FeAl EAE ~agxE 0

= 98 walth YA (Fig. 5-b)olAE 2EAAE0]
FAsA BEH ] Qo] :Pol F ol Fol Y Mtk UALHA EDSEA
< ¢t A3(Fig. 5-¢), EHAA A8} Tivko] A&EH L o] TiNIZ®Ho] %

- xiii -



T

8
Energy (keV)

Fig. 4. FE-SEM and EDS micrographs showing the non-coated screw
surface. (a) screw top (b) screw flank (c) EDS

T
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Fig. 5. FE-SEM  micrographs showing the TiN-coated screw surface.
(a) screw top (b) screw flank (c) EDS
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Fig. 6. FE-SEM micrographs showing the cross—sectional fitness
between fixture and non-coated abutment screw. (a) overall (b) right

side  (c) magnification of (b).
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Fig. 7. FE-SEM micrographs showing the cross—sectional fitness
between fixture and TiN-coated abutment screw. (a) overall (b) right

side  (c) magnification of (b).
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Fig. 11. The variation of load, displacement, and stress of TiN-coated
abutment screw and fixture during cyclic fatigue loading at 356N(a,b,c),
284N(d,e,f), 213N(g,h,i).



Table 1. The variation of fracture cycle according to load of non-coated

and TiN-coated abutment screw and fixture.

Non-Coating TiN-Coating
Failure cycle Failure cycle
Load (N) Load (N)

80% - 569N Specimen 46,471 80% - 569N Specimen 132,995
70% - 498N Specimen 46,346 70% - 498N Specimen 113.540
60% - 427N Specimen 185,732 60% - 427N Specimen 191,671
50% - 356N Specimen 3,459,321 50% - 356N Specimen 5,000,000
40% - 284N Specimen 5,000,000 40% - 284N Specimen 5,000,000
30% - 213N Specimen 5,000,000 30% - 213N Specimen 5,000,000
— (a) 5,000,000 5,000,000 — (b) 5,000,000 5,000,000 5,000,000
4000000 - 4000000 o

g 3,459,321 g

D 3000000 - QL 3000000 4

o o

9 9

Y= 2000000 - Y= 2000000 +

S S

g g

000 o 0 4
E 1000000 E 1000000
2 46471 46346 185,732 g , 132,995 113,540 191,671
80% 569N  70%498N  60% 427N 50%‘356!\1 40% 284N 30%'213N 80% 569N 70% 498N 60% 427N 50%'356N 40% 284N 30% I213N
Load (N) Load (N)

Fig. 12. Mean fatigue life of non-coated(a) and TiN-coated(b) abutment
screw and fixture with load.
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CréckPropaga ion Direction

Fig. 13. FE-SEM showing the fracture surface of fixture with

non-coated abutment screw after fatigue test at 569 N: (a)
overall, (b) fixture, (c) magnification of (b).

Fig. 14. FE-SEM showing the fracture surface of fixture with

non-coated abutment screw after fatigue test at 498 N: (a)
overall, (b) fixture, (c) magnification of (b).
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8 15.0kV 10.4mm x30

n x1.00k SE(M)

Fig. 15. FE-SEM showing the fracture surface of fixture with
non-coated abutment screw after fatigue test at 427 N: (a)

overall, (b) fixture, (c) magnification of (b).

Fig. 16. FE-SEM showing the fracture surface of fixture with
TiN-coated abutment screw after fatigue test at 569 N: (a)

overall, (b) fixture, (c) magnification of (b).
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Fig. 17. FE-SEM showing the fracture surface of fixture with
TiN-coated abutment screw after fatigue test at 498 N: (a)
overall, (b),(c) fixture, (d),(e) magnification of (c).

Fig. 18. FE-SEM showing the fracture surface of fixture with
TiN-coated abutment screw after fatigue test at 427 N: (a)
overall, (b) fixture, (c) plastic deformed area, (d),(e) cleavage

fractured surface
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