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ABSTRACT

Surface Characteristics and Analysis of Clinically Failed

Implant Fixture

Hong, Kook-sun, D.D.S., M.S.D.
Director : Prof. Kim, Byung-ock, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

It has been hypothesized that surface contaminants may be released from
contaminated implant surface, enhancing and perpetuating the inflammatory response,
thus altering the healing process and possibly provoking the dissolution of titanium.
In addition, the alterations of this oxide layer surface may difficult the re-osseointegration.
Several longitudinal studies have reported high survival and success rates for
dental implants. Nevertheless, dental implant failures due to peri-implant infection
have also been reported. The aim of this investigation was to analyze surface
characteristics of clinically failed implant fixture in order to determine possible
causes of failure.

The failed implants were classified into three groups; 3 and 5 month used
implant, 19 and 60 month used implant, and fractured implant, after implantation for
33 month and 120 month in patient jaws. The topography and surface chemical
composition were studied with energy dispersive x-ray spectroscopy(EDS) and field
emission scanning electron microscope(FE-SEM) to analyze element on the surface
of flank and bottom of thread. Evaluations were performed at the upper, middle

and lower implant fixture.



The results were as follows:

1. From surface observation of 3 and 5 month used implant, contaminants were
detected in the middle and lower part of implants. Overall, foreign elements such
as silicon, carbon, oxygen, zinc, sulfur, zirconium, and chloride were detected in
failed implants. These elements showed predominantly at bottom of thread. And
corrosion phenomena appeared in the bottom of thread that was accumulated

chloride.

2. From surface observation of 19 and 60 month used implant, the corrosion was
accelerated at the bottom of thread that was accumulated chloride. Corrosion
products showed in the bottom of thread including dissoluted elements, such as

Au, Cu, Ag, from suprastructure of dental implant system.

3. From surface observation of fatigue fractured implants, The crack were
nucleated in the bottom of thread and the crack of corrosion fatigue was
predominantly propagated. The corrosion products including chloride were found
opposite side of starting point of corrosion fatigue crack. we could find the

fatigue striation and estimate the dimple fracture of implants.

These results suggest that chloride, and corrosion products—related cause for
dental implant failures. In order to protect the corrosion fatigue and contamination,
we must consider the implant manufacturing and surface modification of implant

materials.

,Vi,



I. A

BT W o T E LoH oW & L M of S U 4
I N B B S R
o}J g wy ™ B 9 N o) = © M oi, R < ok = 9
T 8 T o KoM owomodkog PFE oW oo S oW
b o X ¥ Rz S o
X of =] % o ook m.v S Mo e o o m of
oE | o o) B o TN ET ! %o g 2Joo®m x5 o
w2 o ow oo W W < %7 oD oem .

H o—u i K G m <] = B w > Ot dl < - I o) Ot
T F o= W S o o ME OB om %D e
o= P N B P H = oRo= T = -
N O ol ) < - -3 o ) g ® m g

ﬂﬁ L#O oF ~ - ,L‘M Eg — H;.E X (@ WT Oﬂ o m ,NL Z_O 0 %
T e N EgE T®P TP oow S oo £F
S omos Ty x e R RN S ¥ o5 e

N o= - By = - o T = UG ) Njo Hor 5 =2

_ s o N 5 =

ST > T ox T E T T S -

— \m_wl ﬂAro E_ = @ K = ﬂ_ol )‘;\_ ZT O# ] R e .

) I R i A

= oz H - o W s
| [ . X 15

T B g 9 on 2 o = - S oz oo Mo W w2 W%

L - B B 2 7 O oo ow g W2
~ o [~ s

¢ BT E % Hoeow 2m oo T oy ¥R

= T WX oot oRom S R FoE LW 1) o) =

= ‘q_0| on o + )| Eo B _ MO X N_.o o :I o 3 T =

D ZE I E e oo P m o

oF X T e T T = - o
fonnd ‘;,._ X - o J —_ 0 I w0 ~lo
34 ey < o ou = T m o ML W/, ) ST T m o8 _NV
omwos o o UH g T e R Loy
FERNmog o® 2 T %" GNP NG T L
_ < _ o =) ™ Hp o) FERE 3] )‘;\_ w_‘l ~ N o oK~
5 £ X I~ el W - GO N o
oo oxw Noog moe T ® E o T % ™oy e e
o T ow oz Mg Py 5 o ﬂ EH X T o H T g
U N ) X o " X
L w| m, A M T om g oA # @ ™ H more wOA ) =
| T W A 1 Jooowl g
T e PenE ARy TN Ty
SR Hp ® B 2 oo W F I TR R R ¥

o on Ne o = N M ox T W o S
o N N L T N T S . o )
ok R o E N W OE W oM & T oW T oY O
e N M R oM e % § 9 w7 o w b of W m &K

1
’

=

2

S o2 67F
HHo

Ll

E
, flame spraying

19)

F7] 9l 8tof

°

70

=

=

Al

fLN

=]
, hot isostatic pressing

HNA

20)

hya
ar

P 2 oAM=

o
, electrophoretic deposition

19)

A7k 8% A

dip coating



_ M o 5
= o) H o
L L N MM 5§ o W W e T X o
N N N SR T o O% W o P
&) N Ho PowX ) N X
M ofF do oo HoF LA o~ TeoAr TR — T
o B o} ey = ~ ) )
=3 g R - S . N ) v B
ul N o m ol I 3
Oﬂ m i J © ﬁo ‘mﬂ o° ,UI D_.E —_ ‘NE _ni
- o — T - T T ﬂl o} o S S L
e T fo © ) < 7T = o L < T T B
aw e T oo WX s T oH g - o
= o o X P o N m H ol M Bo
Noowr " % _ H = T =T - B o 3 ojp -
= BNy T B 2o Jo
PO R 1 o _ T = o = ol "
_ni I iz} DT_ w — HT_ 1_.L o i ~ OM
e~ 1 ~ R o ~o X o
° —_ = = W N ni ) _.rL m° X
Fw z 07 % % = W A N ™ Ir
o & = o W g N o op o o ol .
MWoN Tow o Mog o X * T o T
~ i~ o oR o N T
A S SIS s I ° T
% N on o Ho Aol x° -
o —~ 0 \El — Ot EE OD HT_
;Lbr T N & X ,:Ur.._ . o] ZT m zé ) o —
[\ - iy — < o p IS ™ —~
X = X 7 X A &= ™ ol of
e A S N == S ] IS T o do
Lo oW o (R B L S | o
g MW mw oo W o N 1] I o
L oa . — H =2 [N ) B ok —
b= "o woF 2 0 T -
B I = M —_— " ° ~— ™ H) A GE ol
a5 L % 9 R T =T o o -
g 0 W G - L X %
< - T N o A
5T = KNG SR S g 2 a &
A TN OB _ﬂ% - 2 5 B o og oy X ow
1%,Eﬂeﬁ@‘uﬂ@%gﬂ%gwﬂ T
T W T < 3 T 0 . 11 = 1 X
m o ooy mﬂ_ N mm S % o) ww My o pr g
2 g f g TR R M I U S T W
g 2w ® TGS I~ < = o R Im = X
ugm%wmummuzwmﬂﬂﬂéwﬂé TR
g & ® R A _W o M W,_ o RV = N o
T - o o Hoze = oo W N H o o) = o T o o
8 2 %y - I SR G- S
> o R H I (e I < = = o T =
< _nﬁ oy \mu o) HOI o R S _7: ﬂ HL Ju i.o ﬂ B ]0_.
m _ T = < Ot - < i S iy ﬂ.‘% my =y oT_
% ‘.:1_ LS iy ,WAﬁ H;l ﬁ z.zo & R < N o
B T OB RN

o] o},

L
o

B

ofof H



II. 9748 ¢ 4

7h AT R

2 AT AM= o

mlu

STE A=A 19 ol 3714 (2003.07.20 - 2003.10.15) 3 574
4(2003.05.26 - 2003.10.15) F-ol Ao 459 1d o]4el 19704(2003.01.10 - 2004.08.12)

260 704 (2000.06.01 - 2005.06.02) % A 4%, 33704 (2001.01.11 - 2003.10.06)

b

2 120704(1994.05.04 - 2004.04.26) A& & std = A F52 E7Fcte] Al A

Fig. 1¢ 2 d764 A48 QEAES BolFE A0 ()t 3749, (e 5794
(©F 1949, (DE 6048 AT A @ golv (0F 12049, (e 3BAL g F
sdo] els) AW AL meETh @z el Adw A mF AEgse Fust
HAbEE deEoln AFEE Yt 4y WA

60709 AHERE A& dEtld e 197049 AbgE AL FHel TiYA7
(i

RS
a BWO FARAANFH w3

B oAFolA nAA] FHAZEL field-emission scanning electron microscopy
(FE-SEM;S-4800, Hitach, Japan)< Al&3tgom ol 2aE3%S 7HAH & F
AP AEA N A BT DA EE e 5A o] Uk nAA ] RHE A

¥, %
Rl BARGON 55 4 RelelA AT AR TEAC A5



YEFTE uAAY THFLS FAAA g o=z #Fstal 7)o FA4 = 337
B AAZZAA olgdd EH9 AHES XAE7] #dto] electron dispersive
x-ray spectroscopy(EDS; S-4800, Hitach, Japan)E A& 3%t EDSHH S XA A
717F yF o2 YEhdal oyx] e xFo82 BAE d#EZE dojxth EDS A~
o AFHe e 54 X A9 #A7F 71gHo] Joenw AdAEYS dojar

48 Polje] FHRHE 9

4z
4
(o

i



1. 371 Y 2 5/l AbE & Aud JdESHE] ¥HEA
28 Z7)o] A9e dZHE FHS FE-SEM# EDSE o] &3l A3 Axps=

Fig. 2 ~ Fig. 5o Yebidth Fig. 2= 570d A § A" JE2ERE (e d&
HE uAAY FAEFS Hola i (b)e AHdA wArbke] A S (o vAbE
o Aol AFE Zhzh BolFar Qlrk AA AR ARl A B

debrisg o] 2o 5o Bl Aol e YAiAdS F2 09 dEdE 24
Tio] 936 wt%= HEH L vk WYAbEol = CoF Cark AEH L Jlom A dow
FolA B2 debris7t FAEHAT. 571 E AHE F AulE dESES FHS} &9
FAARII DES®E 42 Fig. 3o Weusdt (a)= FT5FoA wWAREe] Aol (b)=

FRA AT AL, (OF FHEAM ALY AL, (E A hAE AL

ZbzE GEbU AL vk TR AR =2 Carl 65.48wt% H 46.37wt% °] ™ sl 9]
WAL =9 Cazb 42.07wt% 2 857wtk = YUERY sHE-7F Caot PO FaFo]l #H

vebston dZdES AR dAME Zr B Zno] ALol HE AT

Fig. 4= 371€ A4 & 2Ayd JdZHE9 HWS FE-SEM¥ EDSE o] &35t %=

»
o

AFE AR o R (a)e YSTE LAY AARSS B

o,
Ll
S5
i
ox
1
2
>
i

>
>

a9l
ATk 3/ME AFE T A <
SHEE AAHoZ FHANA B debris7t ®HolA & 7
AAZIS ®ol} o= AN debris7t UERYFIL Tk AFR o] U AAkel A AbR Q)

b= AL 71AAJA 7FFol 9 AR 7F Roly EDSwEAAA BWE C7F 33.35wt%,

el AL (O GAza AL ARE 77t mofF

El

N
X
0,
N
N
of
2
lo
ot
=2
s
lo

07} 12.87Twt%, Zno] 32.82wt%E H At ()& WA= A Apxloz AA# A
(@M= Fotoz Fao] offdx vt uj& =2 B debris7} Holw of7]o A Ca9} P7F
272wt% 2 1239wtk ® YEY Aol AEFHAL FA CY O7F 36.76wt% B
20.32wt% = YEFYAL Zno] 22.45wt% = U EFRETE Fig. 55 59 shEol A U
UAabEo| A o] AL T EDSEAZAARE (a)v WAMES] 22U EDSwA L, (b)v WA
FWd EDSEA S A4 vt o FHY YAl A B Cadl  §HEFol

,5,



053wt%, Pol FraFo]l 272wt%ol At WA=l (b)ellA ¥ P7F 344wt%, Ca’t
533wtk & F7FE S BRIt Co o] AR EUE AN FUHE 6411wtk = A
S7keta Ok 27.10wt% = AA T7tskth 53] S7F 1.35wt%Hd E 5 o vl A
Cle] o] HA=HAth dZHE 7o AR YAtz £45 (09 (D
Ebuboleh. ALzl A BW debris7t gl FEolA UAalate] EAjoln] 159 uUARibel A
B Ca® #aFo]l 1297wt%, Pol o]l 286wt% ol A vk Uil (d)ollA 2w Prt
4.32wt%, Ca’b 16.36wt%= Z7I9S HAT. Co #aFo] sRHUE= tha 44T
38.28wt%, O% 24.05wt% = ZFAstdom st UabZol A e v szsA vk Curl AE% AL

0]
PR

o

Table 12 $JollA &3 AlA9 A&}

=5

W

T2 A dHeolgolt,

A

Table 1. Surface composition and contaminants of failed implants after implantation

for 3 and 5 month(F: flank, B: bottom of thread)

Analyzed ) )
Sample Type ) EDS analysis Order of main peak
part of fixture

F |Ti. O Ti, O
upper : :

B |C, Ca, Ti Ty, C, Ca

) F [P, Ca, Ti Ca, P, Ti
5 month | screw | middle - -

B |0, P, Ca, Ti Ca, O, P, Ti

F |0, P, Ca, Ti Zr Ca, O, P, Ty, Zr
lower - .

B |0, P, Ca, Ti, Zn 7Zn, O, P, Ti, Ca

F |C, O, Na P, Cl Ca, Ti, K, Zn |C, Zn, O, P, Ti, Ca, Na, K, Cl
upper
PP g le, 0, Na, P, 1, Ca, Ti, Zn, K |C, Zn, O, P, Ca, Ti, Na, K, Cl

) F |C,O Na P S, Cl, Ca, Ti, C, O Ti P, S, Ca Na, Cl
3 month | screw | middle - -

B |C, O, Na, Al, P, Cl, Ca, T1, V |C, O, Ti, Ca, P, Na, Cl, Al, V
| F |C, O, Na, Al, P, Cl, Ca, Ti C, O, Ti, Ca, P, Al, Cl, Na
ower

B |C, O, Na, AL, P, Cl, Ca, Ti, Cu |C, O, Ca, Ti, P, Al, Cu, Na, Cl
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Table 2. Surface composition and contaminants of failed implants after implantation

for 19 and 60 month(P: particle, D: debris, F: flank, B: bottom of thread)

Analyzed ) i
Sample| Type i EDS analysis Order of main peak
part of fixture
P |C. O Mg P, K Ca Ti C 0O, P K Ti Ca Mg
upper
PP |zn, 7e Pd. Ag, Au Au, 7r, Pd, Ag, 7n
19 i ) P |C.O AL S, Ca Ti V, Zn Ti, O, C, V, Al, Zn, Ca, S
cylinder | middle X )
month D |C O, Mg, P, K Ca Ti Ca, P, C, O, Mg, Ti, K
| P |C Al Ti V, Fe Ti, V, Al, C, Fe
ower
D |C.O ALP S CLK Ca T4, V,Zr |O,C Ti, P, S K Cl V, Zr, Al, Ca
F |C,O P K CaTiV C, O TP K Ca V
upper
PR e 0, AL K Ca, T, Cu, Ag C, 0, Ti, Ag, Cu, Al K, Ca
60 ) F |C O, Al Ca Ti, V Ti, O, V, Al C, Ca
screw  |middle - -
month B |C O, Ng Al Cl, K, Ti C, O, Ti, K, Cl, Na, Al
| F |C O, Al Ca Ti, V Ti, O, V, Al C, Ca
ower
B |C O, Ng Al Cl, K, Ti C, 0O, Ti, K, Cl, Na, Al
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Table 3. Surface composition and contaminants of failed implants after implantation

for 33 and 120 month(F: flank, B: bottom of thread)

Analyzed part . .
Sample | Type ) EDS analysis Order of main peak
of fixture
120 upper C. O, Na, Cl, Ti Ti, O, C, Cl, Na
h cylinder | middle C. O, Na, Al, Cl, Ti, Cu, Zr, Ag |C, O, Ti, Zr, Cu, Cl, Na, Ag, Al
men lower C. 0, Na, Cl, Ti, 7r C, O, Ti, 7r, Na, Cl
F [Na, Cl, Ca, Ti, Zr Ti, Zr, Ca, Na, Cl
upper ; ;
B |Na, P, Cl, K, Ca, Ti Cl, P, K, Ti, Ca, Na
33 ) F |0, Na, P, Ca, Zr Ca, O, P, Zr, Na
screw | middle
month B [P, Ca P, Ca
F |C, O, Na P, Ca Ca, C, O, P, Na
lower - .
B |AlL Cl, Ca, Ti, V, Zr Ti, Zr, Ca, AL, V, Cl
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Fig. 1. Photos showing the specimen used in this study.
(a) 3 month (b) 5 month (c) 19 month
(d) 60 month (e) 120 month (f) 33 month
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Fig. 2. SEM and EDS showing the surface morphology of the upper part
of 5 month used fixture.

(a) implant fixture (b) flank (c) bottom of thread

,23,




cps
25-] 2 a ]
Elmt  Spect. Element Atomic 404 Eimt  Spect. Element Atomic
204 Type % % E Type % %
P K ED 2078 35.69 30d O K ED 2807 47.56
151 ED 65.48 60.64 E P K ED 21.34 1868
ED 474 367 2ol CaK ED 46.37 31.37
o 100.00 100.00 TiIK ED 422 239
1 E Total 100.00 100.00
5] 104
?\l R ] Pt
T T T 7 " T T
0 5 10

1‘ 2‘0 15 20
Energy (keV) Energy (keV)

cps cps

2] fa
Elmt Spect. Element Atomic 20] Elmt Spect. Element Atomic

Type % % Type %

O K ED 2158 4219 15] 21.30 44.09

20 P K ED 13.44 1358 20.20 21.60
CaK ED 42.07 32.83 857 7.08
TiK ED 11.47 7.49 104 1058 7.28

10] ZrL ED 1144 392 39.39  19.95
Trotal 100.00 100.00 5] 100.00 100.00

A2
O T T T T r T ;
0 5 10

15 20 15 2
Energy (keV) Energy (keV)

Fig. 3. SEM and EDS showing the surface morphology of the middle and the
lower part of 5 month used fixture.
(a) flank of the middle part (b) bottom of thread of the middle part
(c) flank of the lower part (d) bottom of thread of the lower part
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Fig. 4. SEM and EDS showing the surface morphology of the upper part of 3
month used fixture.
(a) implant fixture (b) flank (c) bottom of thread
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Fig. 5. SEM and EDS showing the surface morphology of the middle and
the lower part of 3 month used fixture.
(a) flank of the middle part (b) bottom of thread of the middle part
(c) flank of the lower part (d) bottom of thread of the lower part



(b) %] c)

Elmt Spect. Element Atomic Eimt Spect. Element Atomic
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Fig. 6. SEM and EDS showing the surface morphology of the upper
part of 19 month used fixture.
(a) implant fixture (b) particle (c) debris
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Fig. 7. SEM and EDS showing the surface morphology of the middle
and the lower part of 19 month used fixture.
(a) particle of the middle part (b) debris of the middle part
(c) particle of the lower part (d) debris of the lower part
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Fig. 8 SEM and EDS showing the surface morphology of the upper
part of 60 month used fixture.
(a) implant fixture (b) flank (c¢) bottom of thread
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Fig. 9. SEM and EDS showing the surface morphology of the middle part
of 60 month used fixture.
(a) flank (b) bottom of thread
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(b), (c) the upper part
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Fig. 10. SEM and EDS showing the surface morphology of the upper
part of 120 month used fixture.
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Fig. 11. SEM and EDS showing the surface morphology of the middle and
lower part of 120 month used fixture.
(a) the middle part (b) the lower part
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WD28.8mm 20.0kV x100 S500um

Fig. 12. SEM showing the fractured surface morphology of 120
month used fixture.

(a), (b), (¢) fractured surface (d), (e), (f) fatigue striation
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Fig. 13. SEM showing the fractured pattern of 33
month used fixture.
(a) the upper part (b) the lower part
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33 month used fixture.
(a) upper part

(b) flank

(c) bottom of thread
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Fig. 14. SEM and EDS showing the surface morphology of the upper part of



3mm 20 0kv x100 S500um

Fig. 15. SEM showing the fractured surface morphology of 33 month
used fixture.

(a), (b), (c) fractured fixture (d), (e), (f) fatigue striation
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Fig. 16. SEM and EDS showing the surface morphology of the middle

i Elmt Spect. Element Atomic
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part of 33 month used fixture.
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Fig. 17. SEM and EDS showing the surface morphology of the lower part of
33 month used fixture.

(a),(b) bottom of thread, (c) flank
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