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To create novel bearing surfaces of the orthopaedic implant, we have proposed a ne
w and safer method for constructing a nanometer-scale modified surface on the Poly(ether-ether-ketone) (PE
EK) and carbon-fiber-reinforced PEEK (CFR-PEEK) substrates by the photoinduced graft polymerization of 2-m
ethacryloyloxyethyl phosphorylcholine (MPC). In this study, we have successfully demonstrated fluid-film I
ubrication (or hydration lubrication), wear-resistance and anti- infectiousness of the PMPC-grafted surfac
e. From the results of this study, we concluded that the MPC-grafted PEEK and CFR-PEEK will bring a novel

bearing material in the field of orthopedic surgery.



PEEK

PEEK
PEEK

2-methacryloyloxyethyl phosphorylcholine

(MPC) 1)
2)
3)
MPC
(MPC )
MPC
PEEK
PEEK
4
@ MPC

MPC

@

®
MPC

*
MPC

@ MPC

MPC

MPC

MPC

MPC

AFM
MPC

@

PEEK

MPC

(TEM)

PEEK

PEEK

MPC

FT-IR



PEEK

PEEK

®
PEEK

MPC

*

MPC

MPC

@ MPC
PEEK

FT-IR XPS

MPC

90°
10°
TEM  AFM
PMPC

@
PEEK

MPC
MPC
MPC
(loosening)
PEEK
MPC

PEEK CFR-PEEK
MPC
MPC

MPC

100 nm

MPC

MPC

®

1/7

*

ASTM F732 -
PEEK CFR-PEEK
MPC
1/20 1/10
MPC
PEEK
MPC
CFR-PEEK
MPC
CFR-PEEK
MPC
MPC
MPC
U -BCA
MPC
/5 2/5 1/3 1/2  1/16 1/8
MPC
1/100 1/1000
MPC
MPC
MPC PEEK



1)

2)

3

4)

5)

6)

7)

8)

9

10)

11)

36
IshiharaK, Goto Y, Matsuno R, InoueY,
Konno T: Novel polymer biomaterials and
interfaces inspired from cell membrane
functions. Biochim Biophys Acta-General
1810(3): 268-275, 2011.
InoueY, Nakanishi T, IshiharaK: Adhesion
force of proteins against hydrophilic polymer
brush surfaces. React Funct Polym 71(3):
350-355, 2011.
Kyomoto M, Moro T, Saiga K, Hashimoto M,
Ito H, Kawaguchi H, Takatori Y, IshiharaK:
Biomimetic hydration Iubrication with
various polyelectrolyte layers on cross-linked
polyethylene orthopedic bearing materials.
Biomaterials 33: 4451-4459, 2012.
Byambaa B, Konno T, IshiharaK: Cell
adhesion control on photoreactive
phospholipid polymer surfaces. Colloids and
Surfaces B: Biointerfaces 99(1):1-6, 2012.
Iwasaki Y, IshiharaK: Cell
membrane-inspired phospholipid polymers
for developing medical devices with
excellent biointerfaces. Sci Technol Adv
Mater 13: 064101(14pp), 2012.
Kobayashi M, TerayamaY, Yamaguchi H,
Terada M, Murakami D, IshiharaK, Takahara
A: Wettability and antifouling behavior on
the super hydrophilic polymer brush
immobilized surfaces. Langmuir 23(18):
7212-22, 2012.
Ishihara K: Successful development of
biocompatible polymers designed by
natures original inspiration. Procedia
Chemistry 4. 34-38, 2012.

13(2): 3-9,
2013.
Kyomoto M, Moro T, Yamane S,
Hashimoto M, Takatori Y, IshiharaK:
Poly(ether-ether-ketone) orthopedic bearing
surface modified by self-initiated surface
grafting of poly(2-methacryloyloxyethyl
phosphorylcholine). Biomaterials 34:
7829-7839, 2013.
Moro T, Takatori Y, Kyomoto M, Ishihara
K, Hashimoto M, Ito H, Tanaka T, Oshima
H, Tanaka S, Kawaguchi H: Long-term hip
simulator testing of the artificial hip joint
bearing surface grafted with biocompatible
phospholipid polymer. J Orthop Res 32(3):
369-376, 2014.
Kyomoto M, Moro T, Yamane S,
Hashimoto M, Takatori Y, IshiharaK:
Effect of UV-irradiation intensity on graft
polymerization of 2-methacryloyloxyethyl
phosphorylcholine on orthopedic bearing
substrate. J Biomed Mater Res A (in press)

1) A : ,
CFR-PEEK
33
, 11.21-22, 2011.
2) , , ) ;
31
, 12.3, 2011.
3) : MPC
.42
,2.24-25,2012.
4) :
,6.13,2012.
5) , :
. 41
, 6.25-26,
2012.
6) : /
,9.3,2012
o
-MPC
45
, 11.10, 2012.
8)
. 62
,4.13,2013.
9) , :
THA
MPC
. 86
,5.23-26, 2013.
10)
10
,9.24,2013.
11) :
,10.21-22,2013.

12) ; ; ,

40
, 11.22-23, 2013.

13) Ishihara K, Kyomoto M, Moro T, Inoue Y:
Surface modification with phospholipid
polymers for long-term implantable medical
devices. THERMEC’2011. Quebec, Canada,
8.1-5,2011.



14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Ishihara K, Kyomoto M, Moro T, Takatori Y:
Biomimetic surface modification on artificial
hip joint for elongation of implantation life.
European Society for Artificial Organs
(ESAOQ), Porto, Portugal, 10.9-12, 2011.
Kyomoto M, Moro T, Saiga K, Takatori Y,
Ishihara K: Cartilage-inspired surface and
antioxidative substrate give high durability to
orthopaedic polyethylene bearings. 9" World
Biomaterials Congress. Chengdu, China,
6.1-5,2012.

Tateishi T, Kyomoto K, Yamaoka T, Ishihara
K: Smart surface modification on PEEK by
self-initiating graft polymerization for
cardiovascular application. 9" World
Biomaterials Congress. Chengdu, China,
6.1-5,2012.

Ishihara K: Self-forming polymeric
biomaterials for cell-based engineering.
Korean Society for Biomaterials Symposium
2012. 11.16, 2012.

Ishihara K: Successful development of
phospholipid polymer biomaterials designed
with bioinspiration. New I nnovationsin
Polymers and Materials. Hawaii, 12.16,
2012.

Ishihara K: Bioinspired polymers for
developing the bio/medical devices.
Japan-Finland International Symposium of
Biomedical Materials. Oulu, Finland, 8.8,
2012.

Kyomoto M, Moro T, Saiga K, Yamane S,
Takatori Y, Ishihara K: Biomimetic hydration
lubrication with various polyelectrolyte
layers on orthopedic polymeric bearing
materials. Annual Meeting of the
Orthopaedic Research Society. San Antonio,
USA, 1.26-29, 2013.

Fukazawa K, Ishihara K: Versatile Surface
Modification of Biomaterials Using
Biocompatible and Photoreactive
Phospholipid polymer. Society for
Biomaterials (SFB). Boston, USA, 4.10-13,
2013.

Kyomoto M, Moro T, Saiga K, Yamane S,
Takatori Y, Ishihara K: Smart modification of
PEEK by self-initiated surface graft
polymerization for orthopedic bearings. 1st
PEEK Mesting. Philadelphia, USA, 4.25-26,
2013.

Ishihara K, Kyomoto M: Photoinduced and
self-initiated fabrication of biocompatible
phospholipid polymer layer on
poly(ether-ether-ketone) (PEEK). 4th Asian
Biomaterials Congress. Hong Kong, Chaina,
6.26-29, 2013.

Ishihara K: Photoinduced and self-initiated
biocompatible surface modification on
poly(ether-ether-ketone) medical device.

. Seoul, Korea,

9.25-28,2013.
Ishihara K: Bioinspired phospholipid
polymer biomaterials for innovative medical

1)

2)

3)

4)

5)

€Y

@

device. International Conference on
Bioinspired and Zwitterionic Materials.
Hangzhou, China, 12.1-5, 2013.

5
1 245-248, ,
2012.
5
1
2 £ 216-20,
,2012.
3
4
2 QoL
MPC
- 355-66, , 2013.

Kyomoto M, Moro T, Ishihara K: Polymeric
Biomaterials. Structure and Function. Third
Edition. Chapter 25 Polymers for artificial
joints. P. 851-883, 2013. CRS press.

11

5~ ~

:399-400,
,2014.

TAKATORI  Yoshio

40179461

ISHIHARA Kazuhiko
90193341
NAKAMURA Kozo

60126133
23

MORO, Toru

20302698

OGASAWARA  Toru



®

24

20359623

KONNO  TOMOHIRO

80371706

HASHIMOTO Masami

20450351

OSHIMA  Hirofumi

00622359



