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pin on disk

1-2-1
1-2-2
1-2-3

1-6-1
1-6-2
1-6-3

1-7-1
1-7-2
1-7-3
1-7-4

1-8-1
1-8-2

(adhesivewear) ...
(abrasivewear) ...
(fatiguewear)  .....ooooiiiiii i
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2-4-1
2-4-2

4-1-1
4-1-2
4-1-3
4-1-4
4-1-5
4-1-6

4-2-1

4-2-2
4-2-3

4-3-1



A-3-2



Table 1-1

1890 Gluck ivory knee

1923 Smith-Petersen viscaloid for hip

1933 Smith-Petersen pyrex glass for hip

1937 Smith-Petersen bakelite for hip

1938 Smith-Petersen vitallium for mould

1938 Wiles stainless steel THR

1943 Moore vitallium femoral head

1946 Judet methyl metacrylate femoral head

1951 Mckee bone cement for HIP

1957 Leventhal titanium femoral head

1958 Maclntosh titanium tibial plateau

1958 Charnley Teflon™ hip socket

1960 Charnley HDP hip socket

1970 Weber-Huggler polyester for THR
“Tefron Du Pont

(polytetrafluoroethylene)

Tefron



Table 1-1
1890 Gluck

11)

Smith-Petersen'®  viscaloid pyrex glass bakelite

1938 vitallium
1938 Wiles™®
1946
Judet*® methyl metacrylate
(loosening) 1951 Mckee"?
Mckee 5
loosening Wiles

metal-to-metal total hip prosthesis
( )
corrosion
loosening 1958
Charnley™® Teflon

Teflon
1960 Charnley™”  Teflon  high density polyethylene (HDP)
Trflon
Charnley

1970 Weber'®  Huggler polyester
polyester

Mckee

metal



( )
( HDP)
1970
Boutin*® aumina ceramic
ceramic to ceramic
( )
1-2-1
(stainless stedl)
SUS316L
Ni
Cr
1.10)
(cobalt-chromium  alloy (vitallium)

Co-Cr



(Ti-6Al-4V)
scanning
MRI

1-2-2

(TiO2 Al20s  ZrO2 )

ceramic to ceramic

1-2-3

HDP Charnley
30 50

MRI

(TiN

111)

SiaN4 )
(AI203)

HDP

(HDP)

CT



Table 1-2

(MN/ ) (MN/ ) | (N ) )| N Y v )
SUS316L 520 620 250 330 200 25 36 |1400 1800
oo 150 [ 770 1370 | 200 | 8 | 0 |
650 750 440 570 200 8 |3000 4000
oo 1700 [s00 1300 | 20 [ o | w0 |
550 620 480 510 100 15 20 2400
Ti-6Al- 930 825 100 10 15 3500
av ( 5300)
Al203 270 350 0 2000 4000
43 22 05 45 20
25 2 5 80
Table 1-2
(Tota Hip Replacement, THR)
HA U Morscher 2,669 Miiller
5.4 141 (  54%)
loosening ( ) 5 8
H0 5 9
loosening 20 50% 12 15
loosening  25% Y (loosening
clear
zone




loosening )

Dumbleton™*” loosening

) 4

1_ 11.20)

121)1.22)

1.23)

loosening
10 10 30%

2 124)  1.29)




130)1.31)

loosening

3
loosening
debris / wear particles)
infection loosening
)
)
(
loosening
( )
component component
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131 loosening

loosening
(wear
late
(
loosening
loosening )
loosening
loosening



1-3

loosening

loosening

loosening

stem

le

stem

X

mm

stem

1-2)

X

X

mm



1-2



McKee

Co-Cr
ethylene)
UHMWPE

UHMWPE
(UHMWPE

Charnley Tteflon

UHMWPE (Ultra High Molecular Weight Poly-

UHMWPE

)

3 loosening
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loosening

UHMWPE 200 p m
10 2mm
loosening (wear
debris / wear particles) late
infection loosening
134)  138)
"Fsubmicron size  UHMWPE
particle UHMWRPE particle
loosening
1-4
(UHMWPE)
( )
(scratch)
UHMWPE
Co-Cr UHMWPE

-11 -



1-4

(UHMWPE)
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loosening

(tribology)
TRIBOS( )
1966 OECD (Organization for Economic
Cooperation and Development, )

(Tribology is the

science and technology of interacting surfaces in relative motion and of related subjects and

practices)

1972 biology tribology
(biotribology)

( ) )
( 140)-18)
110),144) )
( )
( )
1699 Amontons 1785 Coulomb
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(coefficient of friction)

F=u W

1-6-1

== el
[z
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bl
N

1-5

1-5
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1-6-2

1-6

1-6-3

OO NN

1-7

1-7

1.45)

(adhesive wear)

(abrasive wear)

(fatigue wear)

(corrosive wear)

(adhesive wear)

1-7-1

1.46) 1.47)
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1-7-2

1-7-3

Crompton

1-7-4

(abrasive wear)

(fatigue wear)

1.49)

(corrosive wear)

- 16 -
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150) 1.51)



1-8-1

Q
-

1-8

1-8-2

152)

(a) pinondisk

pin on disk

SUJ2

600rpm

30kgf

30

15kgf
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SUJ2

(NSK626

0.18mm

4,767rpm

0.15mm

1.6kgf

MoS2

1-10
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(16) uono4 Josolo4

120 150 180 210

60 90

30

Load (kgf)

(pin on disk

1-9
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80

60

(Hr)

40

20

1-10

153)

Y I —
A C
Samples

pattern
N2
MoS
MoS2
Moz
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155)

158)

W 1-11)

Co-Cr

HDP

1.60)

HDP

HDP
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156)

1-11

)

154)

1-11

157)



1-11

w7

wn /7]
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10
1960 Charnley
ment, THR)
30 THR
(mechanical failure)
(revision)
(loosening, aseptic  loosening)
loosening
(high-density polyethylene, HDP)
wear particles) loosening
Leh 18y loosening
e HDP

166) 167)

-22-

(Total Hip Replace

THR

(wear debris /

HDP

163)

1.65)



1)

2)

11
5
1
( )
2 pin on disk
3

(SUs316L  Co-Cr

pin on disk

-23-

)

HDP

(HDP)

pin on disk

pin on disk
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2 pin on disk

pin on disk

2-1 pin on disk
(Rotation shaft)

(pin ) sample  (disk
300rpm
(Air bearing)
( 120T-100B)
( DPM-613A) AD

(NEC PC9801-E)

-25-

2-2

sample



Strain amplifier

Air bearing

Qoo

load cell
E V)
. personal
pm disk computer
2-1 pinon disk .

2-2 pinon disk
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4mm

7 s i & B

P

Al

1.5kgf

pin
disk
SE-30H

pin on disk

(UHMWPE)

Co-Cr SUS316L  disk
pin  UHMWPE  disk

(&) pin
2-3(a) pin

22mm

smm
pin
UHMWPE

disk

2Py m)

pin  disk
Co-Cr SUS316L

UHMWPE
SUS316L

Co-Cr pin

pin

- 27 -

pin
70mm

pin

22mm

mm 5mm

SUS316L pin

7mm

UHMWPE



Dent pattern

\ 27 mm Dia. /
<
() (b)
2-3  pinon disk
(b)disk
2-3(b)  disk disk 27mm 4mm
UHMWPE SUS316L
Ra 003 005p m (SUS316L
)
Flat disk disk
UHMWPE disk NC ( )
UHMWPE
(
) 02 Imm  0.1mm 1.5
4 Imm
Imm/sec
SUS316L

2-4
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IH< 27
| | AVE2—HITED
SUS316L pattern D E[X]
OHP
fa/NEERY
s o Bk
I | I | B
T TRBIUNRT 7R e
HLpR
I | | |
Nz mes TyFUT
VYR MNER—% VYR 7y TBEUANT
2-4 SUS316L pattern
OHP
(Kodack) SUS316L (
) 90
30 25
120
60
(Ra:0.03 0.05p m)
(Hoechst  AZ1350) AZ
(Hoechst)
( Cat.No. 16018-00)
2.1) 40% 50

-29.-



5p m

2-3-1 pin: disk:
pin  UHMWPE disk  SUS316L Table 2-1
2-5 2-6
2-5 0.3mm( 3 0.9mm) 2-6
0.4mm( 3 1.2mm)
(No-pattern)
0.3mm
( 25) 0.4mm ( 26)
12 5.5¢f 0.065
12 7.30f
0.085
( )

(Decrease of friction force)

Non-patternEE# 7] —patternEE#2 /)

Decrease of friction force= Non-patternEHE /7 X100%
No-pattern
pattern Decrease of Friction force patterning

0

-30-



(00]

(o)}

Friction force (gf)

N

o

=
o

(o)}

Friction force (gf)

N

o

=
o

N

No-pattern

Pattern

- 0.10

- 0.05

Coefficient of friction

2-5

Time (hours)

(pattern

:0.3mm)

o

S

No-pattern

Pattern

40.10

|
(@)
()
- -m . .
Coefficient of friction

2-6

Time (hours)

-31-

(pattern

:0.4mm)



Table 2-1

1.5Kgf
300rpm
20 (C )
pattern 0.3mm
0.4mm
2-5 2-6
2-7 0
(No-pattern)
SUS316L
20% )
2-8 UHNWPE
2-8(a) SUS316L  disk
(pattern ~ :0.3mm)
(No-pattern) SUS316L disk
No-pattern
UHMWPE (a)  No-pattern
(b) No-pattern UHMWPE
( )
UHMWPE

SUS316L

-32-



0.4

|
@)
]
0.3
Diameter of pattern hole (mm)

Y74
7/

0

I mmu -
A S
o ) ) o
™M AN —
(94) ©240) UOIID} JO BSLB12B(

2-7
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(a) pattern

(b) pattern

SUS316L disk

UHMEPW

SUS316L disk

UHMEPW

2-8 UHWPE
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Table 2-2

1.5K gf
300rpm
20 ( )
pattern 20%
2-3-2 pin: disk:
pin SUS316L disk UHMWPE Table 2-2
Table 2-2  "pattern " (Occupation rate
of pattern)
BT ERE Y 72 Y pattern® (5 ¥ 5
1)) ZR= X100%
pattern D 5 5 2 B AR %
20% 0.2
1.0mm 0.5mm
2-9
(No-pattern)
2-10 0
(No-pattern) 2-10
(
) 0.4mm 0.5mm 23%
1mm -10%
disk UHMWPE

( ) 2-11 2-11 2-10
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0.4mm 0.5mm 8

1mm 15y m
0.5mm
0.5mm
Table 2-2
1.2mm 2-12
(No-pattern)
2-13 (
2-13 (
) 1.0mm 1.2mm
23%
disk UHMWPE (
) 2-14 (
) (No-pattern)
(114 m) 2-14 2-13
1.2mm 77Ph m
(
0.5mm )
1.2mm

0.5mm 1.2mm

-36-



UHMWPE (disk)

UHMWPE
2-15
UHMWPE (
(b) No-pattern UHMEPW
UHMEPW
No-pattern ~ UHMWPE

-37-

(disk)
2-15( a)

(No-pattern)

2-15



=
o

Friction force (gf)
5 O

N

o

00

-38-

! ! l ! I l ! ! l !
- No-pattern 1010 S
_ S
Pattern 1o 05§
I T O
i 1 &
. Q
i 1 O
1 1 | 1 1 | 1 1 | 1 O
o) 3 6 9 12
Time (hours)
2-9 (pattern  :0.5mm pattern :20%)



Decrease of friction force (%)

10

o
| ]

=
o
l ]

[] I [] l 1 I [] I []
00 02 04 06 0.8 1.0
Diameter of pattern hole (mm)

2-10 pattern

[] I [] I 1 I [] I 1
o0 02 04 06 08 1.0
Diameter of pattern hole (mm)

2-11 pattern
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=
o

Friction force (gf)
5 O

N

o

00

- 40 -

0.10

- No-pattern W =
Mww .
B attern 1o 05§
i I o
i 1 %
- o
! 1 O
1 1 | 1 1 | 1 1 | 1 O
0 3 6 9 12
Time (hours)
2-12 (pattern  :0.5mm 1.2mm)



=
o o

Decrease of Friction force (%)
[H
o

N
o
|

UL Oclzcupaltion ;ate ! y
Occupation rate
of pattern=20% of pattern=14%

Occupation rate 4

Occupation rate
of pattern=9%

of pattern=30%

Occupation rate
of patern=5%

Occupation rate of pattern=50% —

] 1 | ] 1 ] 1 | ] | ] ] 1 ]
06 08 10 12 14 16 18 20
Pitch of pattern (mm)

2-13

Occupdtion rate of pattern=50%

Occupdtion rate
of patern=20%

Occupdtion rate : ]
of pattern=9% .

Occupation rate_|

. of pattern=5%
| Occupation rate Occupétion rate b 0

of pattern=30% of pattern=14%

| 1 ] 1 ] 1 ] 2 | 1 ] 1 ] 1 ]
06 08 10 12 14 16 18 20
Pitch of pattern (mm)

2-14
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(a) pattern UHMWPE

(b) pattern UHMWPE

I 100 4 m I

2-15 UHWPE
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2-3-3

) patterning

pin on disk - disk

2-16 pattern
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pin on

disk
1.5kgf
2 3
22)
pin on disk 2-1
ar
bearing
pin on disk
(pin on disk
) (pin on disk )
2 3 ( 200kgf)
( ) « )
( )
pin on disk pin  disk

(UHMWPE)  SUS316L

pin SUS316L  disk UHMWPE
pin UHMWPE disk SUS316L
disk
pin UHMWPE disk SUS316L
pin disk

12



3gf (

0.035) 12 7.30f ( 0.085)
3.6gf (
0.042) 12 5.50f ( 0.065)
(Decrease of friction force)
No-pattern 20%
pin SUS316L  disk UHMEPW
( ) UHMWPE
32%
( )
=0.5mm =1.2mm ( 23%)
( 77p m
( ) (
)
( )
2
1
2.

- 45 -



dent pattern

lubricant

2-17

disk

disk

2-17 peattern

- 46 -

disk

pin



patterning

pin on disk

1.2mm

0.5mm

14%

wear particles

icant

dent pattern lubr

EE QAN

pin

disk

2-18 pattern
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=5mm =12mm

disk
( 218 )
2-19 ( 20
) pin 2-10
2-11
(Occupation rate of pattern) (20%)
( 02mm 0.4mm)

Occupation rate of pattern=20%

d=02mm  d=0.3mm d=0.4mm d=0.5mm
p=0.4mm  p=0.6mm p=0.8mm p=1.0mm

d : diameter

_______ p : pitCh
""""" X20

2-19 pattern (pattern =20%)

- 48 -



1.0mm

0.5mm

pin

disk

pin

0.6mm

disk

4mm

2-20

0.6mm

mm

2-20

disk

2-20 pin

- 49 -



UHMWPE  disk

disk
disk
250y m 114y m
2-21
2-10
2-11
2-21
0.5mm 100%
0.5mm
2-21
0.5mm
0.5mm
2-22 2-13 2-14

( 20 ) pin

-850 -



o] =
’é\ 5
Elr
42 i
S
= |
Sr ! | : | . | |
0.2 04 0.6 0.8 1.0
Diameter of pattern hole (mm)
2-21 pattern pattern
(0.5mm)
1.2mm
14%
pin disk
2-23
pin disk
Rate of loaded area (pin  disk
pin

-51 -

2-13

disk

Probability of wear particles

dropping into pattern hole (%)

100



diameter=0.5mm

p=0.6mm p=0.8mm p=1.0mm p=1.2mm
OR=50% OR=30% OR=20% OR=14%

88 CROICEONECED
Q@ ..... O

OR : Occupation rate of pattern

2-22 pattern (pattern =0.5mm)

p : pitch
2-14
2-23

2-23
1.2mm

1.2mm

-52-



Mean free pass (mm)
Cwoo~NOOIT,~,WDNEF O

=

2-21

2-23

1 ! | ] | ! | ] ] ! | ! | 1 ]
06 08 10 12 14 16 18 20
Pitch of pattern (mm)

2-23

2-21 2-23

0.5mm

© O mm

X X 0p

- B3 -

© P
o O
o

~N o
o O

Rate of loaded area (%)

D
o

50



2-21 2-23

2-21 2-23



12
2-4-1
Co-Cr
Ball UHMWPE disk
=0.5mm =1.2mm
Table2-3
2-24
209f 25¢gf
Table 2-3

1.5kgf

300rpm

20 ( )

pattern 0.5mm 1.2mm

- 55-



Time (days)

0 3 6 9 12 15
100 ! ! | ! ! | ! ! | v 1 | v T |

00}
o

T I T
I

No-pattern

Frction force (gf)
o)
o o
|
1 .O [
(@))
ient of

20

i Pattern 0.20
o 1 1 | 1 1 ] 1 1 ] 1 1 | 1 1 O
0 12 144 216 288 360
Time (hours)
2-24 ( )
305 85gf ( 1)
360 )
51%
2-24 (
)
2-25 )

f(x) T
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~ g .
BEBR AR AL R
l 540 A% £
BET =
/FE%%'%@JW@ f(x) &
A 2720 /M %
AL ///////z\, \[///. -/ SN
RET
2-25
1 x=L
e syiE=— [ |50l ax
T+ x=0
JIS
Ra
No-pattern 10.49 x 10 48.92 x 10
UHMWPE
No-pattern 6.83mm
2.47mm Table2-4
2-26 UHMWPE 2-26(a)
UHMWPE 2-26(b)
Table 2-4
360 ( ) Pattern
Pattern No-pattern
(%) 51
1049 x 10 48.92 x 10
(mm ) 247 6.83
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UHMWPE

( 226(a))
(. 226(b))
2-26(b)
( 227 )
UHMWPE Co-Cr

2-28 2-28(a) UHMWPE

Co-Cr 2-28(b) UHMWPE
Co-Cr UHMWPE

Co-Cr

UHMWPE Co-Cr

- B8 -



(a) pattern

(b) pattern

2-26  UHMEPW

360



100 4 m

2-27 UHMEPW pattern
< 360

- 60 -



(b) pattern UHMWPE

2-28 Co-Cr
< 360
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24

2-29

Table 2-5

Time (days)
O 3 6 9 12 15 18 21 24 27
25 LN B L R B L R Y L L N L N Y L N B L B L L B B B ]

- —40.25 ¢
5 20 No-pattern =
e 0.20 =
© 15 5
S 0.15 +
c (<5)
S 10k D
S 0 W 0.10 E
sl Pattern 1o 05§

O | PRI N T T NN TN W AN TN T T TN TN T TR WO N NN M AN RNN AN BT | O

0 72 144 216 288 360 432 504 576 648
Time (hours)

2-29 ( )
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Table 2-5

648 ( ) Pattern
Pattern No-pattern
(%) 101
467 x 10 16.33 x 10
(mm ) 16.1 16.6
2-30 2-31 UHMWPE Co-Cr
UHMWPE ( 2-30(a))
( 226(a))
UHMWPE ( 2-30(b))
pattern Co-Cr
2-31(a))
pattern Co-Cr 2-31(b))
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(a) pattern

(b) pattern

2-30 UHMEPW

648



(a) pattern UHMWPE

(b) pattern UHMWPE

2-31 Co-Cr

- 65 -

648



2-4-2

( )
pin on disk
( )
S 0.087
0.05
Table 2-6
( )
51%
101% 12
25%
(No-pattern)
(pattern)
UHMWPE

( 232)

(pattern  hole)

- 66 -



Table 2-6

)
pattern No-pattern | pattern No-pattern
0.06 0.09 0.04 0.11 0.087
0.26 04 0.09 0.19
7
/
pattern  Wear particles
2-32 pattern hole
2-24 2-29
UHMWPE
0 2-33
( )

- 67 -



KE R RV ERIC
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7/ / 5. 7/ S

I 2II IS TSI T
LA PTN
NS SN SN

2-26(a) (UHMWPE
C )

No-pattern

24

- 68 -

24



2-30(a)

2-26(a)

(Table 25

)
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( )
(
UHMWPE) ( Co-Cr )
disk
pin
pin  UHMWPE diskCo-Cr ( 2-3-1 )
pin Co-Cr disk
UHMWPE ( 2-3-2 )

pin on disk
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patterning pin on disk

pin( ) disk( ) patterning
(Co-Cr )
(UHMWPE )
1
- (SUS316L Co-Cr) (
- (UHMWPE) ( )
Co-Cr
UHMWPE
Co-Cr
( um OFPR( ))
( )
« )
« )
pin on disk
=0.5mm =1.2mm 26mm

3-1 3-2

-71-



3-2 pattern
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34 No-pattern
Pattern(0.5)

( 0.5mm) 2
pin on disk
0.04 0.075
0.04
90 0.05 0.03
0.05
( ) 36.5%
3 2
523 x 10 1.83 x
10 3
0.7mg
1.1mg 16
(
Ra)
0704 p m 1.429 p
m 2
Table 3-2
3-5
( 35())

¢ 35(b))
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0.10

0.08 i No-pattern

0.06

Coefficient of friction
o
S

Pattern(0.5
0.02- (09 -
i [] I [] 1 l 1 1 I [] [] I [] [] I 1 [] I [] [] I [] L |
0 3 6 9 12 15 18 21 24
Time (Hr)
34
Table 3-2
Pattern No-pattern
( ) (%) 36.5
183 x 10 523 x 10
(mg) 0.7 1.1
(Ra) (p m) 0.704 1.429
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(a) pattern

(b) pattern

(

35 UHMEPW
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1.83 x

10

pin on disk

(Co-Cr ) (UHMWPE )
3.5kgf 3.5kgf
(200kgf )
pin on disk
35 Table 3-2)
36.5%
( )
523 x 10
3
64%
50%
pin on disk

pin
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Table3-2
1.1mg

64%

¢ 34

0.03

(Co-Cr )

-78 -

No-pattern

64%

(UHMWPE)

34
003 - 005
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patterning

(Co-Cr ) (UHMWPE

4-1-1

-80-

)



4-2

26mm

(SMC-MDBL80-700-D-A67)
.SP10-75T7)

4-3

60

(100

)

-81-

70kg
200kgf
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- \ 0
4 - \
\
777 ! N 727777
Y il 777/
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K .
7225 - 77 -
T A A —
T 7 77 T @ ( UHM WPE)
\
I~
’ N N \ @

(Co-Cr dloy)

\
\

T —a Ly —

/
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4-1-2

0.5mm

4-5

3mm

10 e}

1.2mm

4-4

100
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