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& 2. Apparatus for nonocrystalline diamond synthe—
sis by RF decomposition of methane method. RF, 27.12
MHz generator: FGMC, gas feeder with a microcomputer
control: G, vacuum gauge: Vac, vacuum unit.
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1. Growth Conditions for the RF Dense Methane
Ptasma CVD Process

Substrates AISI 316, Ti
Gas Methane with nitrogen
Pressure 100~200 Pa
RF Generator 27.12 MHz, 2 kW
Negative Self—bias Voltage of| 600~1000V
RF—powered Electrode

Carbon Layer

Metal Carbides

Substrate

8 3. A diagrammatic model of nanocrystalline dia—
mond coating onto titanium or chromium containing
substrate (AISI 316L, Ti...). Metal carbides: CrC or TiC.

2.2 Vacuum Puise Arc Deposition (VPAD) Method
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2.3 lon Beam Process
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E 2. Growth Conditions for the VPAD Method

Substrates AISI 316, Ti
Electrode (starting materials) | high purity graphite
Pressure 107%~107* Pa
Pulsed Discharge Power 5~1017]
Duration of Impulse 50~2500 ps
Repetition Rate of Impulse 0.1~50 Hz
Average Deposition Rate 5~20 nm.mm "’

Pulsed arc Planetary

lon-beam
source rotated ) source
substrates
Rotateg/

holder

8 4. Apparatus for nanocrystalline diamond syn—
thesis by VPAD and IB methods.
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B 3. Growth Conditions or the B Method

Substrates 1AISI 316, Ti
Gas Benzene
Pressure 107'~10 Pa
The Average Deposition Rate 20~30 nm.min !
Substrate Temperature less than 100 C
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2.3.1 lon Beam Method

lon beam (IB)ef A HH=He AL
20~30 nm/min® A&7 100 Cely 7122
oA gtEoRTh AAIZbAE o] 1Bl o
3 g sESE B 39 FoiAn EA3E 1
2l 49 7t} 1B} VPADO| &AM wHEolZ '
52 F2 HAYS 7Y ds Rl AAA
BAAFE ZHA 913t 1 nmolslella = njd o]
E}_‘IS

2.3.2 lon Beam Assisted Deposition
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1. To vacuum pumps

2. Rotatable water—cooled sample holder

3. Sample

4. Sputtering ion source’

5. Sputtering ion source

6. Rotatable water—cooled target

7. Medium energy bombarding ion source sample
8. Low energy bombarding ion source

18! 5. Schematic drawing of the polyfunctional IBAD
system and the process of [BAD.
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2.4 CFRPC (Carbon Fibers-Reinforced Plastic
Composites)
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# 4. Mechanical Properties of Some Orthopaedic
Implant Materials LCP/CF and Bone

Flexural Strength| Elastic Modulus
in Flexure
(MPa) (GPa)
Cortical Bone 180 20
LCP/CF 450 40
Ti—AlI-V 380 120
Stainless Steel 280 200
Co—Cr 480 240
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8 6. Diagram showing the sections of the operated
rabbit femoral bone selected for histomorphometric (a)
and histological (b) analysis. The cross—section was
made at the plane between the middle and distal third of
the femur.

A BUART 22T BEolN ol4Ee) o
AT E 2] WAALH, o149 Adt 2

9 kg 22 R YEUA it B 5= o]
PSS %7} x] E}_, EW D}F/lfﬂ E”lﬂ 2=
SOtk o] chtelel s % 52771 Ay

kol g, Mad vl e WA 2
Fabyo] Feidel 9w, @ 7 vlolaw
AV RS FelN ol4E0] Mads gre
gz i Fede] gles HAFL Ut
o)z ¢4l OTC Bl daid FAsigle, 23]
FHHOR MG P glo] o]NETAL W 57
Weld £ 5 gk e wads dxksol of
N8d gl BRE Qoch ol4EDL of
wak AGz32 glo] el M AdE o] 9, A
AQEst ME 8 814 e U1

SCIEEE DD RIS SR RE PR
= ol F 5277 Ak S =) dse A0
o 1, 4%, SHAL B Sof Uepgleh

of o

J

O}'gi ”P 0175—:] T AE
] wZel AtE A gk 1
HE 2 HAl olXHE= F&

Aol AriHer W
SAASE 7}7\] AL AANRZ HEE 5= Q)

£ ould FE0)2E glol Ao




B 5. Histomorpometric Analysis of the Rabbit Femora after Implantation of the LCP/CF Rod in the Right Femur with

Follow-up Time of 3 and 52 Weeks

Number of Thickness of the Cross—sectional Area of the Circumference of
the Cortical Bone (mm) Cortical Bone (mm?) the Femur (mm)
Rabbit Right Left Right Left Right Left
1 1.03 0.99 0.99 24.3 30.9 30
Follow—up Time 2 1.07 1.01 1.01 25.4 28.7 27.8
3 weeks 3 1.04 0.94 0.94 234 20.7 29.4
4 1.05 1.01 1.01 25.9 29.2 30.8
5 1.15 1.10 1.10 26.4 28.7 28.3
Mean 1.07 1.01 26.3 25.1 29.6 29.3
6 1.05 0.95 274 22.7 29.7 29.5
Follow—up Time 7 1.30 1.05 30.2 25.9 28.6 27.8
59 weeks 8 0.99 0.85 27.1 24.2 31.1 28.7
9 1.33 1.03 34.6 26.9 29.4 272
10 1.32 1.05 32.6 25.5 28.7 29.8
Mean 1.20 0.99 30.4 25.0 29.5 28.6

O3 7. A microradiograph of a coronal section of a
distal rabbit femur 52 weeks after operation. The ra-
diolucent implant is enclosed by bone in the medullary
cavity and the metaphyseal area.
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18 8. A micrograph of a coronal section of a distal
rabbit femur 52 weeks after operation. The intact
LCP/CF rod is in direct contact with bone. Cancellous
new bone is seen on the tip of the implant in the in-
tercondylar space.
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8 9. Preoperative roentgenograph of the rabbit’s
right femur. The medullary cavity is reamed with a drill of
3.2 mm in diameter for the LCP/CF rod.

8! 10. Anteroposterior and lateral roentgenographs
of the rabbit’s femora after the implantation of the
LCP/CF rods at one year. No deformity or length dis—
crepancy can be seen. The implants are surrounded by
a thin radiopaague line in the medullary cavity.
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Duration of strength in vitro
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E 6. The Flexural Strength, Elastic Modulus in Flexure,
and Shear Strength of the LCP/CF Rods after immersion
in Physiologic Saline

0 week |12 weeks|24 weeks|52 weeks
Flexural Strength | Mean 448 447 449 463

(MPa) Range |375~491|384~505)435~474418~508
Elastic Modulus

Mean | 431 445 445 44.6

in Flexure Range | 41.7~46 [40.4~47.8142.6~46.241.3~49.8
(GPa)

Shear Strength Mean 15.3 13.2 148 14.3
(MPa) Range [13.6~16.311.6~15.413.1~175/12.6~16.9

B 7. The Flexural Strength and Elastic Modulus in
Flexure, and Shear Strength of the LCP/CF Rods After
Subcutaneous Implantation

0 week |12 weeks|24 weeks| 52 weeks
Flexural Strength | Mean 443 448 418 467

(MPa) Range |375~491|418~467|380~447| 440~485
BlasticModulus |\ 1 ga1 | aes | a1z | 464
in Flexure Range | 41.7~46 | 431~50 |35.2~47.1[41.1~48.9
(GPa)

Shear Strength | Mean | 164 | 187 | 157 | 176
(MPa) Range |150~170|181~190| 148~166| 162~101
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E 8. Flexural Strength, Elastic Modulus in Flexure, and
Shear Strength of the LCP/CF Rods after the Implan-
tation in the Meduliary Cavity of the Rabbit Femur

0 week |12 weeks|24 weeks|52 weeks

Flexural Strength | Mean | 448 403 411 446

(MPa) Range |375~491|385~435|384~467|430~482
Elastic Modulus 39.7 38.9 43.9
in Flexure glea“ 41473;146 26.7~48.|32.5~44.|40.1~45.
(GPa) ange | 1. 3 5 4
Shear Strength Mean 164 190 157 178
(MPa) Range |159~170{186~199|146~161]162~193
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2.5 CFRCC (Carbon Fibers—-Reinforced Carbon
Composites)
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