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Studies of the Mechanical Strength of Grafted Artificial Bone (Synthetic
Hydroxyapatite) —Biomechanical and Histological Analysis of the Bone—
Synthetic Hydroxyapatite Interface—

Yoshifumi Nishishita
Synthetic porous hydroxyapatites were implanted in the femurs and tibias of

dogs. Four, eight, and twelve weeks after operation, the dogs were sacrified and
implant tissue specimens were resected for histological and biomechanical ex-

amination.
JBERIRE: R Department of Orthopedic Surgery (Director : Prof. Ryo
(Jg3E : B BEED Watanabe), Kawasaki Medical School: 577 Matsushima,

T701-01 EHHIAE 577 Kurashiki, Okayama, 701-01 Japan
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Histologically, hydroxyapatite bonded directly to the bone trabeculae without
any interposing connective tissue membrane. The pores in the hydroxyapatite
were filled with bone tissue. Neither inflammatory cells nor foreign body reaction

was seen. These findings show that hydroxyapatite has an osteoconductive effect
and favorable affinity to bone.

A push-out test of the cylindrical hydroxyapatite in the femur four weeks after
operation revealed that the hydroxyapatite was firmly connected to the bone. The

magnitude of the force required to push out the hydroxyapatite test piece was
the same as that needed to push out normal cancellous bone.

“The bone contact ratio” and “the bone ingrowth ratio” were proposed to
estimate the affinity of hydroxyapatite to the bone. The new bone formation on
the surface of the hydroxyapatite (bone contact ratio) arrived at its maximum
point eight weeks after operation, while the new bone formation in the pores in
the hydroxyapatite (bone ingrowth ratio) was still in progress twelve weeks
after operation.

Results of this experimental study suggest that synthetic hydroxyapatite may
be used as an effective substitute for bone grafts. (Accepted on February 26, 1988)
Kawasaki Igakkaishi 14(3) : 359—371, 1988
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apatite
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Fig. 2. Cylindrical type of synthetic porous hydroxy-
apatite

Fig. 3. Radiogram showing the cubical hydroxyapatite
(arrow) implanted in the tibia

Fig. 4. Radiogram showing the cylindrical hydroxy-
apatite (arrow) implanted in the femur
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C1+C2+Ca+Cat -
BCR(%) =—— 271 %100
La+Le+Ls+L4+Ls+Le+--

HA:Hydroxyapatite
P :Pore in HA
C :Length of bone- HA interface

L. :Length of surface of HA

of bone contact ratio

P:Dimension of pore in HA

I :Dimension of new bone in pore

Fig. 8. Calculation of bone ingrowth ratio
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Fig. 9. Four zone (a,b,c and HA) in sample"
piece for histological study

Fig. 10. Four weeks after operation. Note that the
new bone formation (NB) is gbserved. HA: hy-
droxyapatite (Toluidin Blue 0 stain, x40)

Fig. 11. Four weeks after operation. The new bone
(arrows) is observed in the pore in the marginal
HA: hydroxy-

portion of the hydroxyapatite.
apatite (Toluidin Blue 0 stain, x100)
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Fig. 12. Four weeks after operation.

N & R (148 H35 1988)

There is no

evidence of new bone formation in the pore in

the central portion of the hydroxyapatite.

HA:

hydroxyapatite, FT : fibrous tissue (Toluidin Blue

0 stain, x100)

Fig. 13. Four weeks after operation. Direct bond of

the new bone with hydroxyapatite. HA : hydroxy-
apatite, NB: new bone (Contact micro-radiogram,

% 200)

’Fig. 14. Four weeks after operation. The osteocyte

in the new bone is large and irregular in shape.
The new bone have no osseous lamella. NB: new

bone (Toluidin Blue 0 stain, x200)
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Fig. 15. Four weeks after operation. The osteoid
(0d) and the osteoblast (arrow) is observed on
the new bone (H-E stain, x400).

Fig. 16. The contact micro-radiogram of the
control specimen, four weeks after op-
eration. Arrows indicate the new bone.
Co: cortex, Ca: cancellous bone

, . v
Fig. 17. Eight weeks after operation. The volume of
the new bone increase around the hydroxyapatite.
HA: hydroxyapatite, NB: new bone (H-E stain,
x 100)
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Fig. 21. Twelve weeks after operation. The new
bone is resolved in a area of the bone marrow
(BM). HA : hydroxyapatite (Toluidin Blue 0 stain,
% 40)

Fig. 22. Twelve weeks after operation. The pore
in the hydroxyapatite is filled with the new
bone (NB). HA: hydroxyapatite, NB: new bone
(Toluidin Blue 0 stain, x100)

Table 1. Result of push-out test

Strength (kg/cm?) Site of fracture

4 weeks 21.024+ 7.76 Bone-HA interface
8 weeks 21.394+ 7.10 Inside the HA
12 weeks 26.24+£11.10 Outside the HA

* Strength of cancellous bone=27.09 + 8. 67 kg/cm?
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Fig. 23. Four weeks after operation. Push-out test
caused fracture at the interface (arrows) between
new bone and hydroxyapatite. NB: new bone
(Contact micro-radiogram, x 100)

Fig. 24. Eight weeks after operation. Push-out test
caused fracture inside the hydroxyapatite
(arrows). HA: hydroxyapatite, NB: new bone
(Contact micro-radiogram, x40)

Fig. 25. Twelve weeks after operation. Push-out test
caused fracture in the new bone (arrows) outside
the hydroxyapatite. HA: hydroxyapatite, NB:
new bone (Contact micro-radiogram, x40)
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Fig. 26. Bone contact ratio
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Fig. 27. Bone ingrowth ratio (marginal
area)
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Fig. 28. Bone ingrowth ratio (central area)
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