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Study on the Fatigue Test and the Accelerated Life Test
for Dental Implant using Universal-Joint Test Type

Gyeong Hun Do - Seok Jin Lee' - Jong Mi Kim - Sung Min Kim
Korea Testing Laboratory

Purpose : This paper is a comparative analysis results of the fatigue test for dental implants and
accelerated life test by using a static type loading device commonly used in Korea and a dynamic
type loading device (universal-joint) recommended by FDA.

Methods : Fatigue tests of dental implant is based on ISO 14801 and classified into static load
test and dynamic load test. The tests were carried out on three test specimens by four load stress
steps under each loading device. For analysis on failure mode such as crack, fracture and
permanent deformation of test specimens, we used X-ray three-dimensional computed tomo-
graphy on test specimens before and after the fatigue tests. The design of the accelerated life test
was based on the analysis results of the fatigue life data obtained from the dynamic load test and
the statistical analysis software (Minitab ver.15) was used to analyze the appropriate life
distribution.

Results : As a result of the fatigue tests and the accelerated life tests at same acceleration condition
under each test method, the fatigue life under the dynamic type loading device (universal-joint) was
shorter than when static type loading device was applied.

Conclusion : This paper can be used as a reference when the universal-joint type loading device
for implants fatigue test is applied as ISO 14801.

Keywords: Dental Implant, ISO 14801, Universal-Joint, Fatigue Test, Accelerated Life
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5o
A B-1 B-2

Fig. 2 View of loading devices (A, static type; B—1,
universal—joint type; B—2, internal angle of
universal—joint

ofr
o

N
rlo
o oly
>
ook
u

ofN mot offt

> o)l
ot b &L

ofN o2l
O o 2 o Hu ool

)
oft
ol
o = A
ook
2

X
ol
o
>
ot
o
fit
- m
M
i,
lui

e oy

(O
m
o &

I
b, oy

N
o o
rr
au
X,
ed
=
ot
)
& o2
fru
>
oo
o2l
ol

ok
At
&
oo
e
ol

%

N

N,
bt
i
I,
oft

OAd EJANAE A-&3ste] 2

THIA & 8tag WA He dbrEEE o oA tiA
o A& YEHE

TA<l 1SO 14801 : 20169 %%

(Hemispherical loading member)<=
1299 A nE
= A 2FsH A THA4).

Aol AH8-H T ZA 7] 180 14801 : 20169 41
AN AP Aftzd REetes AAE <
2E Ejit(Instron Inc., UK)9] ElectroPuls E3000(Z Th
¥ 23} 3,000N) 2ot}

221 A3} FAH

AAstEA P S AT AP HH =180 14801
20169 FEAFTH S gpon, 18Y < FH
AR & o] &3tSiTh A PR Fert 2509 7ofzl
AARE VA EZ FZA 7|9} APH A4 H 99
AZo] b5 HoAZA 9 dtFEd thato 35° AAE
2R AP E AR89 th<Fig. 3> F2)4]. A=
A§7]¢] Cross-head speede 1.0mm/min® A& o]

o

24 2 Q714 stE& 7heke k- A S
B 3 SF-HIE ZAH O ZHE] 0.2% off-set A
JEo| E dAFLAMY H8tF &, ¢EwT

Fig. 3 Fatigue testing machine for tests
(electropuls E3000, instron inc., UK)

g ZHAATM. AR F 57 ARHE
on RGO AFFUREE 5] A G
#3re A9

222 FH}FAE

THFAEES AT AN FHY X =180 14801 ¢
20169 B ZAFYH & 0T 4@164719%@.5
AARL 9 30| ot 5 FoAGA < 453
35 AAE ZAF AN EHE AT 1%&@01]*1 3}
FAEANAY A7 F lmm7} HES AEHS
DA ATH4] A FASFA A mek 24 o
FEIRE %ﬂu 70%E AdatEo g 59on,
582 Sine B, AoJA 2 stFA, dhEx
}21 2 etz tet HAsFe HE 012 A
Atk A stTA F Y T4+ 1S0 14801 : 2016
of wte} 14HzE A &3ty om A2 IEC 60068-1
2013 Environmental testing-Part 1: General and guidance
A HAEE FFEU 7|28 A A3 [6], A
A Atz MY FHsFAFE Ao E A Y
He grHgoly 3 2abd o] Yoju oA 815
A 10~20% B EY st5E AN A oA dHEst g
7behe WA o2 AgE At Age 14 Y
StERARA, FUHAEZJEY stFHARA] 242t
4 579 otF A 3N APHS R XY
sgon, 74 - 3 - gPHY TG EE el
I AR FAE s AE A - F Xeary 3244
43EG S DY

ofr
o
o oF O{N

oxl



Gyeong Hun Do * Seok Jin Lee + Jong Mi Kim * Sung Min Kim 53

223 715N Y

THETBAIR Y A= A A Y AR AL
2y dolE Y BAe HiEo R et e
T8 TEE 4437 st %ﬁﬂﬂ’“ iiE?ﬂ‘ﬂ
(Minitab ver.15)% o] &3t5 o1, &
Bl = ¥ 52 A-D(Anderson- Darlmg) 3 7]—?—2i
St A-D #te 3= z‘—ﬂrg 1}37} old FA A
o 7H A3 ]TE: o
1 FlolE S
& 749 A-D gl ]’o e
EA et 7tEsE AR EolE =

52 A g5l BARY,

Fl

l‘

3.2 3
31 AFEFAY

<Fig. 4> 5712 AW S A 0.2 3 A3
Bl Asteltk Y& AU HE YR3FN)
FE oJHletH Xée %Hoh;oﬂ SEREED
A=

& ojsl o). 2

o &

Al 2 AAsteA Y AREZRH I ¢
24(1,346.5N)2] 70%, 55%, 45%, 30%
El o] 3t59 10% #= HA ot M=
gto] Al o] 3mm o9 W E Zhe T ol
U g 2apdo] dojd W7hA o gHEsFR 34
(Cycle)E® A3 &, 3t 9+(94.3~943) N
(70%), (74.1~741) N(55%), (60.6~606) N(45%), (40.4 ~
404) N(30%)°l™, Ho wE3FHo 3l4E 1S0
14801 :20169) 3] ZA G o)l A WA 8kE 5x10°3]
A 272 3HHTHT, 8].

3.2.1 1Y 3FHAAX H LA
IRY T HAZAE AL FHANFAGY A

7= <Table 2>+ 2T}, 70%(943N) 35l Al &= 2,000

AA

Load (N)
N

sampledl [

A sample0?
20024 7 sample03
/ / AT sampled4

sampleds

Dis.placement (mr;)
Fig. 4 Load—displacement curves of the static
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Table 1 Results of the static loading test

No. Maximum compressive load | Displacement
M) (mm)
1 1,244.397 2.976
2 1,379.823 3.590
3 1,197.939 3.550
4 1,463.120 3.786
5 1,447.202 2911
Mean 1,346.496 3.363
sD’ 119.710 0.394
Max 1,463.120 3.786
Min 1,197.939 2911
Range 265.181 0.875

¢ SD: Standard Deviation.

Table 2 Number of cycle until failure under the
static loading device(unit: cycles)

Load
Sample

1 6,000(x) |30,000(x)|136,000(x)| 5,000,000
2 2,000(x) |22,000(x)(232,000(§)| 5,000,000
3 17,000(x)|36,000(x)| 108,000(§)| 5,000,000

70% 55% 45% 30%

% ()Failure mode: (x)broken; (§)permanently deformed.
3% The samples on 30% Load were all passed.
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Fig. 5 X—ray tomography results of test sample
under the static loading device (A, 70%
sample 1; B, 55% samplel; C, 30%
sample 1; D, normal sample )

Fig. 6 X—ray tomography results of test sample
under the dynamic loading device
(universal—joint); (A, 70% sample 1;

B, 55% sample 1; C, 30% sample 1;
D, normal sample)
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Table 3 Number of cycle until failure under the
dynamic loading device (universal—
joint); (unit: cycles)

Load

70% 55% 45% 30%
Sample

1 4,000(x) [31,000(x)| 81,000(§)] 5,000,000

(*)
2 7,000(<) | 8,000(x)[114,000(x) | 5,000,000
3 5,000(x) |11,000(x)| 66,000(§)] 5,000,000

% ()Failure mode: (x)broken; (§)permanently deformed.
3¢ The samples on the 30% Load were all passed.
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’ Failure mode analysis ‘
{4
’ Determination of the failure criterion ‘
4
’ Determination of the test method ‘
&
’ Determination of the stress steps ‘
4
’ Accelerated life test ‘
&
’ Data analysis ‘
&
’ Lifetime prediction ‘
{4
’ Validation ‘

Fig. 7 Accelerated life test procedure
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Probability Plot for Cycle
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(B) Under the dynamic loading device(universal-joint)

Fig. 9 Analysis results of the shape parameter by load condition
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Fig. 10 Weibull probability plot

Table 4 Result of the chi—square test of the
shape parameter

Loading . Dynamic
. Static . .
device (Universal-joint)
chi-square 5.475 3.211
DF 2 2
P-value 0.065 0.201

Table 5 Results of the intercept and coefficient
value of load—stress under the dynamic
loading device (universal—joint)

InD Y
51.7 6.3

AHZH(InD)F 315 2EH 2 A5 (v)E <Table 5>9}
2o ol& A gato] 7t 8t5 279 A MTTF(Bes.)
9} By 4L o Z38}H <Table >3 2t} QA7ets
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Table 6 Accelerated life test results under the
dynamic loading device (universal—joint)

Load Bio(cycle) MTTF(cycle) AF
943N 2,518 5,382 4289.4
741N 11,479 24,537 939.3
606N 40,704 87,003 264.5
404N 522,245 1,116,290 20.5
250N 10,708,165 22,888,511
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H =Fo A& 1SO 14801:2016 Dentistry-Implants-
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