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Clarification of in-vivo fracture mechanisms of ceramic acetabular liner toward
the safety improvement
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The acetabular liner fracture has been problematic issues in ceramic hip
arthroplasty The purpose of the present study was to analyze potential risk factors for in-vivo
fracture of zirconia-toughened alumina (ZTA) acetabular liner from the viewpoints of structural
stability and stress behavior upon hydrothermally-accelerated aging. We demonstrated that the
polished liner surfaces showed excellent structural stability, while the roughly-ground backside
showed a significant stability loss and tensile stress accumulation. In the cracked surface, we
observed the crack shielding phenomenon induced by zirconia dispersoids, but a certain period of
time was necessary for its onset until the occurrence of further transformation surrounding the
crack. In the above contexts, a further effort for backside modification and prosthetic impingement
prevention would be beneficial to ZTA liner.



7 3 THA: total hip arthroplasty

ALVAL
THA
2011 metal-on-
metal THA resurfacing
THA 1970 ~2000 Al203
30
2003 ZrO2
ZTA zirconia-toughened alumina
ZTA
[1]
ZTA
10 1 [2]
ZTA ZTA
ZTA 14 [2]
(1)
ZTA crack-shielding effect
ZTA
(2)
ZTA
(1)
82-vol% Al203 17-vol% ZrO2 0.5-vol% CrxO19 0.5-vol% SrAlz2.
x ZTA , N=3
15 0.5um 1mol% Y203
Y-TZP
(2)
200N

TOMY SX-300, Tomy Seiko,

Co., Tokyo, Japan ASTM F-2345-03

ZTA



134 | 2bars

1
2
20 40
ZTA 2.5
ZTA Vi t Mehl-Avrami-Johnson
(MAJ) [3]
Vin=1-(1-Vi))exp[-(bt)"]
Vi b n  Avrami
n
In(In((1- Vi)/(1- Vim)))=n In(b) + n In(t)
Vm n n
3)
488nm GLG3103, Showa Optronics Co., Ltd., Tokyo, Japan
ZTA
25+2 Hg-
Ne
PC L abspec, HoribaJovin Yvon, Kyoto Japan Gausy Lorentz
() (3]
(1180, 1190 AV
Vin= ]iéoz U, +|1g10) 190 S =7
22-1.7+1/2-(1,7+1.7) IT
I 150, 180, 190 (cm?) t,m
II PS Av
14400 cm't
4 ) (1)
b v
(4) SEM
JSM-
6010LV, JEOL Ltd., Tokyo, Japan
JEC-3000FC, JEOL Ltd., Tokyo, Japan
20kV
)

t Unpaired Student's t-
test Graphpad Prism software, version 6.05 (GraphPad software,
Inc., San Diego, CA) p 0.05
1)

ZTA
6.4+1.7 6.7£1.1%
12.1+3.2% p<0.0001
7.6+£2.3%
10 20
10.3+2.8% 9.5+2.2% 13.6+4.6%
16.4+5.2% 20 40 13.8+2.3%

13.1+3.4% 15.0+4.1% 27.2+6.4%



)

HHERFS K (vol.%)
S

p<0.0001

—=— EH (UIHIE | HE)
—o— MR (REE-BHA)
—a— BETE (REE- A RE)
v DR GRER-ERE)

ZTA

3-(2)

0.64

I-IVJEHE (h)

SEM

MAJ

0.719

20
5000
n Avrami
0.5~4
ZTA n
0.52 1.05




11.1x10-%K-1 8.5x10
6K-1

7.5
15
p<0.0001

20 65.8+15.5 MPa

2.5

200 - —a— HEEI(UHIEE - RNE)
o DGEN(FREE-B8REA)
—— FAETE (R E - B RE)
100 - v mﬁ%ﬂ(ﬁﬁﬁéﬁ'%%#@)

- AT
el
:

-

N
y Sy o 6 ‘,;!7;77%
0] '

LU S

-100

%2251 (MPa)

-200 - 9

-300 -

I—-IVJEfE (h)
ZTA

®)

pre-assembled
ZTA

1. Boffeli M, Doimo A, Marin E, Puppulin L, Zhu W, Sugano N, Clarke IC, Pezzotti G.
Chemically driven tetragonal-to-monoclinic transformation in retrieved ZTA femoral heads
from dual mobility hip implants. J Mech Behav Biomed Mater 2016;56:195-204.

2. Massin B LopesR, Masson B, Mainard D, French Hip & Knee Society (SFHG). Does Biolox
Delta ceramic reduce the rate of component fractures in total hip replacement? Orthop
Traumatol Surg Res 2014;100(6 Suppl):S317-321.

3. Arita M, Takahashi Y, Pezzotti G, Shishido T, Masaoka T, Sano K, Yamamoto K.
Environmental stability and residual stresses in zirconia femoral head for total hip
arthroplasty: in vitro aging versus retrieval studies. Biomed Res Int 2015;2015: 638502.



(TAKAHASHI Yasuhito)

(60567668) (32645)
(TATEIWA Toshiyuki)

(00424630) (32645)
(MASAOKA Toshinori)

(70256270) (32645)
(YAMAMOTO Kengo)

(10246316) (32645)




