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Effect of acetabular liner thickness on creep resistance in HXLPE for total joint
replacement: deformation rate and molecular structure

YAMAMOTO, Kengo

3,800,000

THA

vitamin E

The use of large femoral heads is becoming increasingly popular in total hip
arthroplasty (THA). However, large femoral heads commonly necessitate to be coupled with thinner
acetabular liners than the conventionally used because of the limited sizes of outer shells. The
objective of this study was to experimentally clarify the size and thickness effect on the rates of
compressive creep strain in conventional and vitamin E-diffused highly crosslinked, ultra-high molecular
weight polyethylene (UHMWPE) acetabular liners. The rates of creep strain significantly decreased by
increasing the internal diameter and thickness. Varying the component thickness contributed more largely
to the creep behavior rather than the internal diameter. Our results suggest the positive mechanical
advantage of using large femoral heads, but at the same time, a considerable liner thinning is not
recommended for minimizing creep strain.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

(1) FHHETIEEE, F/ 16 7 (N LI
R E A [ TKAL6 56, A T B & it
[THAl4 561, AT -BEEEHN 5 HH) DA
TRIEERMT T SN TR Y, Sl bicfE
W TSR D 2% 2 OBMAFH ST\ D,
ANLEEEi v AT 2O E LT, #EaT
& AR U =F L (ultrahigh molecular
weight polyethylene: UHMWPE) %, EWN
THA O 85% CHRMA SN TEK Y, BIETH
72 B il PR A FH O 85 C = DM & W ST LT U
%, L»L UHMWPE ##hEcix, /7
7 v N OEFERFE AT N TREHE
OB AERE L, N LRHHIE S O MM
Az KT N, BERERER SN
%, LTemo 7T, BRI UHMWPE
fHEhm o BRWMHZ BT 2 L CoREE
METHD EEZHND, UHMWPE O ERE
. BB X0 )= EENESERYN
AR 5, I, BEERER X OiER bt
%L LT, UHMWPE (254 % i #2emE 5
X OWiEgAl vitamin E (VE) I3 366 S .
peskR (JEZEKG. VE 23R UHMWPE (2
EERTHEER Y A7 ORI RS H4 S
TN 5,

(2) MEDBIR 2 B> T, THA TiEaf
BN AF CEEMEOE W KR TEC
36mm) Dfl FENITAFERHIZ EH L TW5D,
L2y URBRBEEM AR ICIE, RY =F Lo
A FT—EDOBAD, ~v K—AT AEEHB X
N7 v H 77 —MOBEE V7 ERNERS
ENDHD, xR BRI RS 2L fE
WARHY | HERLRFOBRIESLETH D,
BURE LT, 94T —EOELIZHED 150
BB 5 E N ORF SRR 1T AR D T
R, TAFT—EFESORREED, K
BO~Ny RBXOTAFT—V A XERET
5 Z T, NLREfio B ERBERICERR T
X5b0LEBEZLND, KFEETIX, 74T
—EoRLIHEE SRR = F L
(UHMWPE) FIZE7 A F—lZxtL o U —
TERHEE ZFH L, WY T ~ o oAk
T2 01 UL O RS ARE I AT R
L7 V—T7FEEHELNITHE LB,
- 7 U — 7B A O D N T RIS
BAs~Em+ 5 &2 HIEL-,

2. WHEOHM

(1) UHMWPE F#% 7 A F— O£ FH o8
BnD, TONERBIWELDERE T A
ERETT %,

(2) ZWI2fE 5 UHMWPE [ 5 A F— 0%k
SRECE AL EFME L, 7 U — 7 zsdE) L o B
PEEB ST B,

3) &EHlzEWI =Tt aEE 572
O UHMWPE Gt S 2 M L.,
WHEA A TR OBEISR I BT 5,

3. WHIEDTE
(1) M2 V) — 7 5Bk

MR DTER (4E4%) UHMWPE J 1 J—
(ArCom®, Biomet Inc., Warasow, IN)3 L O°
VE(dl-a-tocopherol) = ¥ T @& 28 4
UHMWPE Z 1 +—(E1®, Biomet Inc.)% %t
Sl L, 2GR X OWE Bz, ArCom
BLOU E1 TN Eh 30kGy. 130kGy

(100+30kGy) DFHFRNIEH TN D,
7 V=7 BRI, AL 22~
A XL 7= E#RER(CRCD-03-TID, Maekawa
Testing Machine MFG Co. Ltd., Tokyo,
Japan) & T3 M L. — 8l 4 5 A 47 B
3000 N 2445 A F—IZ 72 BB L=, fif
A L7z ArCom K ONEL 74 F— DT 28,
32, 36mm (36mm i E1 &) JE X113 4.8,
6.8, 8.9 mm (n=% 3) ThHo7=, HHHIX
Co-Cr-Mo, A& = VB XU AT A0F,
Ti-6A1-4V #TH -7, 74 F—IXAiRA
20° | SMiEA 450 CTREBRERICEE L. AL
% T, head penetration (Zf£ 9 71 F
—JEDOEAb % £10pm FEE CRARFIIC TR L
7o, RBRIT. 25 2°C CHilfE L 7= EBR=ICT
EhE L7,

Q) T~ N
HAERMRIE T ~ e mbrilz VT T
AR ERIZIZB T D EmEcmEEZ 7 1 7
—FJB/NHTEE 500um £ TOMEELZ 5um 1
SRR CEMI L7z, S BImeHEIh &2 v
DFEINOFMTIET A F—2 AT —V |k
T 0-180° £ T 10° HBICHERI ARG,
UHMWPE A4 F—DRNET~ v AT b
& FLfk L, 1125em? N > K (C-C
stretching; Ag+Bi; mode) 8% o FEALAFME
ERE L, BEAEEHR L TWHWBA5EE. Bt
ARy MV AB 2R T 720, 2
D g FER AT % 5 6 43 A B #% (Orientation
distribution function, ODF, £p)) ¥ LT <
VIR ZEE L TR E vzl
— 774 T AT EERTHE T, HF
D3RI MAB L OERME L FNENEH
L7z,

[T 0001, 0.0.2) (B)sin papdady

|H 6,0, == y=27 pa=2x pf=2r1
R i ST

25+ 2°CITIREE il H < 4172 F2BRERIT TIT U,
G E 488nm O T LT A A L—P—
WEFEHT D, AT FVEENTIZIE, TiRO
PC Y7 + 7 =7 Labspec (Horiba Jovin
Yvon, Kyoto Japan) % >, Gauss/ Lorentz
B L2 —T 70T 0 v 7 HFEML.
RGN RREZRH L, 507 mEHE
1T LR DB ZI5H L. Mathematica 7
(Wolfram Research Inc., IL, USA) % i 7=
=TT 4y 7 EETHI LT, fidh
Bl R lC A LT,

(B)FEFHiEAT
2 HEM DA BEMEITIL, Student’s ttest %



v, BEAKYEIL p<0.05 & L7z,

4. WF7EEHE:

(D7 V=7t T 5BHEEBLRT A
F—E D

ArCom BL O E1l 1B ALY A XD
head penetration |3, FIZFERBHAATE 500 4
AL, 2Dk, 74 T —EOEMITIZ
EEFREL 572 (K1, 2ab), —EME
Tz 7T, ArCom B L O E1 (3 log BERTIZ®T L
T—REBMICER T D28 BlE STz,
1, 2a-b 1T/~ L 72 FEHIMELC %3 2 T {EliE R
DR E 7 ) — T EHEE L UMl 217
-7 2 A, E1 Tid ArCom £V H 5 15.9%
EHEMET L2 & 2R LT, E1 T
IRIEAE A E N OB E Y ArCom K U &)
ETHDH=H, LVEmWnWs U —7 iM% 3
BLlmeEX DN,

a 240

E210 M———
s

0.030+ ol 5
§ 9! ArCom
T 60

0.025- 1 %

« 0 1000 2000 3000 4000
c 0.020+ t(min)
‘©
3
o 0.015
[0}
L
o 0.010 7 @ 4.8-mm thick
L —— £=0.0057 log(t )+0.0098 (K" = 0.9925)
{ @ 6.8-mm thick
0.005 L —— £=0.0046 log(t }+0.0094 (R’ = 0.9888)
{ @ 8.9-mm thick
£ £=0.0043 log(t )+0.0093 (R’ = 0.9895)
0.000 T T T T r \
00 05 10 15 20 25 30
log t (min)
b 210
180 PR
3 -
0.0307 S1a0.
;| 7 g 120!
£ E1®
3 80
0.0251 5§ 20!
& ole N
« 0 1000 2000 3000 4000
c 0.0204 t(min)
3
& 0.015
[0}
<
O 0.010 [ @ 4.8-mm thick
| == £=0,0048 log(t }+0.0107 (R’ = 0.9925)
[ @ 6.8-mm thick
0.005 {. —— £=0.0039 log(t }+0.0085 (R’ = 0.9951)
£ @ 8.9-mm thick
| —— £=0.0034 log(t }+0.0077 (R’ = 0.9847)

0.000 T T T - S
00 05 10 15 20 25 3.0

log t (min)
X 1 : Compressive creep strain behavior as a function
of logarithmic time for each internal diameter (28, 32,
36 mm) of the 4.8-mm thick ArCom (a) and E1 (b).
The insets plot the absolute creep penetration vs. time
(min).
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2 : Compressive creep strain behavior as a function
of logarithmic time for each thickness (4.8, 6.8, 8.9
mm) of the 28-mm diameter ArCom (a) and E1 (b).
The insets plot the absolute creep penetration vs. time

(min).
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3 : The linear relationships between creep strain
rates and internal diameter (a), and between creep
strain rates and thickness (b) in ArCom and E1 acetab-
ular liners.
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