1. , (plate), ,

(biomaterials) ,

1982
s , « )
1 1984
' « )
, 1992
« )
1994 Connecticut (Visiting
1995 Scientist)
1985
1992 1971 C )
« ) 1973 C )
1994 1978 Marburg « )
( ) 1981 Michigan Molecular In—
1999 1983 stitute, Research Associate
« ) 1973
1999 1996
Post—doc. 1996
1997
1998

Polymeric Materialsfor Hard Tissue Fixation

(Jung Yul Lim, Soo Hyun Kim, and Young Ha Kim, Biomaterials Re—
search Center, Korea Institute of Science and Technology, P. O. Box 131, Cheongryang, Seoul 130—650,
Korea)

13 1 2002 2 15



(GPa) (MPa)

(longitudinal) 17.7 133
(transverse) 12.8 52
0.4 7.4

84.3 10
11.0 39.3
10.5 275
159.1 104
303.0 29.5
401.5 46.5

0.1-0.2 7.6

(longitudinal) - 0.1
(transverse) - 11

(hard tissue) (soft tissue)

. (rod),
, (intram—
edullary nail)

spine cage )

total hip replacement, total
knee replacement

bone cement
neering)

(tissue engi—

(structural compatibility),

2.
21
(hydroxyapatite)
3
(mucopolysaccharide)
70%
, Wolff
¢ D
22
30

16 Polymer Science and Technology Vol. 13, No. 1, February 2002



(host response)
Wintermantel

Mayer

56
(implantation)
4 MPa
, ( hip 3
x ) 10
(minimum interfacial strain mismatch) I
3
4
2 3.
(GPa) (MPa)
2. (compati— 190 586
bility) Co-Cr 210 1085
Ti—alloy 116 965
30 58
1t level / /
380 300
220 820
35 42
95 50
2nd level
(
4.
(GPa) (MPa)
( T — Polyethylene (PE) 0.88 35
) Polyurethane (PU) 0.02 35
Bioinert( Polytetrafluoroethylene (PTFE) 0.5 275
‘ Polymethylmethacrylate (PMMA) 2.55 59
Bioactive Polyethylene terephthalate (PET) 2.85 61
Biostabilty( Polyetheretherketone (PEEK) 8.3 139
) Silicone Rubber (SR) 0.008 7.6
Biodegradation Polyglycolide (PGA) 7.0 75
Poly—L-lactide (PLLA) 2.7 45
2 Polycaprolactone (PCL) 0.4 22
Polydioxanone (PDO) 15 36
13 1 2002 2 17



1 BONE PLATE

8 T

=

(<5

s
o
g & ?7%\
g &
2

2 4 6 8 10
Months
1.
‘ stress shielding' ‘ stress protec—
tion’
2
2
stress shielding
stress shielding .2
813 brittle
stress e stress shielding
shielding
32
321
1 (external fixation) (internal
fixation)

18

18 Polymer Science and Technology Vol. 13, No. 1, February 2002



tapping

21,22
pull—out strength
19,20
23
322 (necrosis)
Co—Cr, Ti
2
(
)
2.38 mm
. total hip joint re—
placement
stress
shielding
24-26
(cortical bone)
(cancellous
bone) . 1 . stress shielding
Ti
mismatch
self—tapping non—self—
primary healing
(callus)
27
Wire Screw Plate micromotion
2. ( , ;
). (LCP, low

13 1 2002 2 19



PLATE

BONE

3. Dynamic compression plate (DCP)

5. Failure Mode

Failure mode Failure

contact plate) 28

dynamic
compression plate(DCP) ( 3). DCP
(intramedullary nail) /

/
(fatigue failure)

5
33
331
, , , Co—Cr, NiTi,
Ti
3
wear
stress shielding ,
2
, (HA)
brittle
332
stress shielding
(PTFE),

(non—resorbable),
(partially—resorbable),
(fully—resorbable)

CF(carbon fiber)/
/

29,30

20 Polymer Science and Technology Vol. 13, No. 1, February 2002



SmartScrew LPLA Bionx
Sysorh DLPLA Synos
Endofix PGA-TMC LPLA |Acufex
Arthrex LPLA Arthrex
Bioscrew LPLA Linvatec
Phusiline LPLA-DLPLA Phusis
Biologically Quiet |PGA-DLPLA Instrument Maker|
anchor  |Bio—Statak LPLA Zimmer
Suretac PGA-TMC Acufex
Anastomosis clip |Lactosorb LPLA Davis and Geck
Anastomosis ring |Valtrac PGA Davis and Geck
, Biofix LPLA PGA Bionx
Resor—Pin LPLA-DLPLA Geistlich
SamrtTack LPLA Bionx
., |LactoSorh PGA-LPLA Lorenz
Antrisorb DLPLA Atrix

PLA: Poly(L-lactide), DLPLA: poly(D,L—-lactide).
PGA—-TMC: Poly(glycolide—co—trimethylene carbonate).

mismatch

(PGA)

14,39

15-17

13

31

CF/PMMA,* CF/PP,*
CF/PS,* CF/PE,*® CF/PBT,*® CF/PEEK®"8

stress

stress shielding

(PLA)

self—reinforcing

1 2002

2

CF/PLA

40

stress shielding

stress shielding

1. D. F. Williams and J. Cunningham,“ Materials in
Clinical Dentistry , Oxford University Press,
Oxford, UK, 1979.

2. J. B. Park, “ Biomaterials Science and Engi—
neering” , Plenum Press, New York, 1984.

3. A. E. Profio, “ Biomedical Engineering , John
Wiley & Sons, New York, 1993.

4. J. Black and G. W. Hastings, “ Handbook of

Biomaterials Properties , Chapman and Hall,
London, UK, 1998.

21



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

. E. Wintermantel and J. Mayer, “ Anisotropic
Biomaterials Strategies and Developments for
Bone Implants , eds. by D. L. Wise, D. J.
Trantolo, D. E. Altobelli, J. D. Yaszemiski, J. D.
Gresser, and E. R. Schwartz, in* Encyclopedic
Handbook of Biomaterials and Bioengineering ,
part B—1, p. 3, New York, Marcel Dekker, 1995.

. E. Wintermantel and S. W. Ha,“ Biokompatible
Werkstoffe und Bauweisen: Implantate fur
Medizin und Umwelt , Springer—Verlag, Berlin,
Germany, 1998.

. J. Black,” Biological Performance of Materials:
Fundamentals of Biocompatibility , Marcel
Dekker, New York, 1992.

. P. Christel, L. Claes, and S. A. Brown,* Carbon
Reinforced Composites in Orthopedic Surgery ,
in“ High Performance Biomaterials: A Com—
prehensive Guide to Medical and Pharmaceutical
Applications , ed. by M. Szycher, p. 499, Tech—
nomic, Lancaster, 1991.

. R. Huiskes, Acta Orthop. Scand., 185 (1980).

B. J-L. Moyen, P. J. Lahey, E. H. Weinberg,

and W. H. Harris, J. Bone and Joint Surgery, 60A,

940 (1978).

E. Schneider etal., Clin. Orthop., 248, 200 (1989).

H. K. Uhthoff and M. Finnegan, J. Bone and Joint

Surgery, 65B, 66 (1983).

E. Whiteside, Clin. Orthop., 247, 138 (1989).

P. T rm 1, P. Rokkanen, S. Vainionpaa, J.

Laiho, V.P. Heponen, and T. Pahjonen, U. S.

Patent 4968317 (1990).

S. Ferguson, D. Wahl, and S. Gogolewski, J.

Biomed. Mater. Res., 30, 543 (1996).

W. Weiler and S. Gogolewski, Biomaterials, 17,

529 (1996).

J. Y. Lim, S.—h. Lim, S. H. Kim, and Y. H. Kim,

Macromol. Chem. Phys., 202, 2447 (2001).

J. Black, “ Orthopaedic Biomaterials in Re—

search and Practicé , p. 197, Churchill

Livingstone, New York, 1988.

K. P. Baidya, S. Ramakrishna, A. Ritchie, and

M. Rahman, Proc. ICCM-12, Paris, p. 496, France.

K. P. Baidya, S. Ramakrishna, M. Rahman, and

A. Ritchie, J. Engineering in Medicine, 215(H1), 11

(2001).

G. V. B. Cochran,” Biomechanics of Orthopae—

dic Structures , in “ Primer in Orthopaedic

Biomechanics , p. 143, New York, Churchill

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

Livingstone, 1992.

T. A. DeCoster, D. B. Heetderks, and D. J.
Downey, J. Orthop. Trauma, 4, 169 (1990).

J. Schatzker, R. Sanderson, and J. P. Murna—
ghan, Clin. Orthop., 108, 115 (1975).

P. A. Deluca, R. W. Lindsey, and P. A. Ruwe, J.
Bone and Joint Surgery, 70-A, 1372 (1988).

S. Hidaka and R. B. Gustilo, J. Bone and Joint
Qurgery, 64-A, 1241 (1984).

S. L-Y Woo, W. H. Akeson, R. D. Coutts, L.
Rutherford, D. Doty, G. F. Jemmott, and D.
Amiel, J. Boneand Joint Surgery, 58A, 190 (1976).
S. M. Perren J. Cordey, and B. A. Rahn, Clin.
Orthop., 232, 139 (1988).

H. K. Uhthoff and M. A. Finnegan, Arch. Orthop.
Trauma Qurg., 102, 163 (1984).

J. S. Bradley, G. W. Hastings, and C. John—
son—Nurse, Biomaterials, 1, 38 (1980).

G. B. McKenna, G. W. Bradley, H. K. Dunn, and
W. O. Statton, Biomaterials, 1, 189 (1980).

G. Peluso, L. Ambrosio, M. Cinquegrani, L.
Nicolis, S. Saiello, and G. Tajana, Biomaterials,
12, 231 (1991).

S. L. Y. Woo, W. H. Akeson, B. Levenetz, R. D.
Coutts, J. V. Matthews, and D. Amiel, J. Bio-
medical Materials Research, 8, 321 (1974).

P. S. Christel, J. L. Leray, L. Sedel, and E. Morel,
“ Mechanical Evaluation and Tissue Compatibility
of Materials for Composite Bone Plates , in
“ Mechanical Properties of Biomaterial$ , eds. by
G. W. Hastings and D. F. Williams, p. 367, 1980.
M. S. Hunt, Materialsand Design, 8, 113 (1987).
N. Rushton and T. Rae, Biomaterials, 5, 352
(1984).

N. Gillett, S. A. Brown, J. H. Dumbleton, and R.
P. Pool, Biomaterials, 6, 113 (1986).

K. A. Jockisch, S. A. Brown, T. W. Bauer, and K.
Merritt, J. Biomedical Materials Research, 26, 133
(1992).

L. M. Wenz, K. Merritt, S. A. Brown, A. Moet,
and A. D. Steffee, J. Biomedical Material Research,
24, 207 (1990).

P. Tormala, J. Vasenius, S. Vainionpaa, J. Laiho,
T. Pohjonen, and P. Rokkanen, J. Biomedical
Materials Research, 25, 1 (1991).

M. Zimmerman, J. R. Parsons, and H. Alexander,
J. Biomedical Materials Research: Applied Biomaterials,
21 A3, 345 (1987).

Polymer Science and Technology Vol. 13, No. 1, February 2002



