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Abstract | Metallic plates and screws made of stainless steel, pure titanium, titanium alloy and
titanium nitride were implanted in the dorsal subcutaneous tissue and femur of 64 rabbits, and
elution of metallic elements and tissue reaction in surrounding tissues were comparatively in-
vestigated at the 2nd, 4th, 8th, and 12th weeks after implantation. Using an inductively coupled
plasma spectrometer, the metallic elements eluted in the subcutaneous tissues were quantitatively
analyzed. The amount of iron from the stainless steel decreased with time. The amount of titanium
eluted from pure titanium, titanium alloy and titanium nitride, increased with time, although only
slightly in all cases. However, the amount of aluminum eluted from the implanted titanium alloy
was considerably higher than that of titanium. Histological examination of the reaction of subcu-
taneous tissue, revealed encapsulation of pure titanium, titanium alloy and titanium nitride plates
by dense fibrous connective tissues from the 2nd week after implantation, whereas the stainless
steel plate was encapsulated by thin fibrous tissue. Using an energy dispersed X-ray microanalysis
on the metal- bone interface, it was found that the element of titanium accumulated in the bone
area about 5 um from the metallic screw, but there was no such finding for titanium alloy and
titanium nitride. From stainless steel, no elution of iron, chromium and nickel was detected.
Histological examination of the reactions of bone tissue to pure titanium, titanium alloy and
titanium nitride, showed the formation of new bone between the metallic screw and bone tissue
from the 4th week, and it gained a close and dense contact with normal bone at the 12th week after
implantation. All experimental materials used in this study exhibited excellent resistance to
corrosion and materials of titanium had better biocompatibility compared with stainless steel.
Above all, the results of this study suggest that titanium nitride is useful as a biomaterial the same
as pure titanium and titanium alloy.
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Tablel Amount of eluted elements in subcutaneus tissue around implanted metallic plates.

Periods after implantation (Weeks)

Metallic plates °- Olf th“tetd
samples elements 9 A 8 19
Stainless steel 1 Fe 587.1 172.6 88.0 132.0
(SUS 316 L) 2 Fe 619.3 212.1 120.8 64.6
mean=+SD 603.2£22.8 192.4+27.9 104.0+23.2 98.3+47.7
Pure titanium 1 Ti 4.0 0.0% 10.5 15.8
(Ti) 2 Ti 2.9 11.6 7.9 12.6
3 Ti 3.4 10.5 4.5 6.1
mean+SD 3.4%0.5 7.416.8 7.6%£3.0 11.5+4.9
Titanium alloy 1 Ti 9.4 5.2 4.1 12,5
(Ti-6Al-4V) 2 Ti 4.9 10.2 3.8 14.0
3 Ti 3.1 2.1 0.0% 16.7
mean+=SD b, 8£3.2 5.8+4.1 2.6+£2.3 14.4+2.1
1 Al 229.6 553.1 137.6 250.0
2 Al 121.7 256.0 231.6 228.1
3 Al 476.4 51.6% 122.0 216.17
mean+SD 275.9+181.8  287.1%252.5 163.7%59.3 231.6%=16.9
Titanium nitride 1 Ti 4.0 5.3 9.9 9.9
(TiN) 2 Ti 2.5 7.8 i 13.3
3 Ti 6.9 0.0% 7.9 1.0
mean+SD 4.5+2.2 4.4%4.0 8.6£1.2 8.1+£6.4

Amount of eluted elements is shown in unit of © g, g dry weight.

% . No rejectional data in Smirnoff’s rejection test (p <0.05%) .
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Fig.2 Graphic representation of the amount of
iron element (Fe) eluted from stainless
steel (SUS 316 L) and the amount of
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Fig.3 Graphic representation of the amount of
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from pure

titanium (Ti) , titanium alloy (Ti-6A1-4
V) and titanium nitride (TiN) .
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Fig.4 Scanning electron micrographs of stainless steel screw at the 12th week after implantation in
rabbit femur.
a . Line analysis of Fe (X15,000)
b : Line analysis of Cr (x15,000)
¢ : Line analysis of Ni (X15,000)
d : Line analysis of 3 elements (X 100)
Eluted Fe, Cr and Ni are not dispersed from metallic screw (M) to bone tissue (B).
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Fig.5 Scanning electron micrographs of pure titanium screw at the 12th week after implantation in

rabbit femur.
a : Mapping of Ti-Ka (Xx500)
b : Line analysis of Ti-Ka (x500)

Elated Ti is detected from metallic screw (M) to bone tissue (B) (arrows). (White line and

spot show Ti element.)
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Fig.6 Scanning electron micrographs of titanium alloy (Ti-6A1-4V) screw at the 12th week after
implantation in rabbit femur.
a : Mapping of Ti-Ka (x100)
b : Mapping of Al-Ka (x100)
¢ : Mapping of V-KB (X 100)
d : Line analysis of Ti-Ka (X 100)
Eluted metallic elements are detected, but Al is eluted in a larger amount than Ti, and V is not
detected by mapping.
(White spot shows each metallic elements.)
Line analysis shows that eluted Ti element is not dispersed.
(White line shows Ti element. )
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rabbit femur.
a : Mapping of Ti-Ka (Xx500)
b : Line analysis of Ti-Ka (X500)
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Fig.7 Scanning electron micrographs of titanium nitride screw at the 12th week after implantation in

Eluted Ti is not detected from metaliic screw (M) to bone tissue (B). (White line and spot

show Ti element.)
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Photomicrograph of subcutaneous tissue surrounding metallic plate at the 2nd week after
implantation (HE stain, X 50).

a . Stainless steel

b : Pure titanium

c : Titanium alloy

d : Titanium nitride

Histological examination of the reaction of surrounding tissue reveals that stainless steel is
encapsulated around its surface by lower fibrous tissue layers (a) , and that pure titanium,
titanium alloy and titanium nitride are encapsulated by dense fibrous tissue layers at the 2nd
week after implantation (b-d) .
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Fig.9 Photomicrographs of subcutaneous tissue surrounding metallic plate at the 4th and 8th weeks
after implantation (HE stain, X50) .
a : Titanium nitride at the 4th week after implantation.
b : Stainless steel at the 8th week after implantation.
Histological examination of the reaction of surrounding tissue shows that titanium nitride is
also encapsulated by dense connective tissue, almost as are pure titanium and titanium alloy, at
the 4th week after implantation (a), and that encapsulation of stainless steel by fibrous tissue
is followed by development of dense connective tissue at the 8th week after implantation (b) .

Fig.10 Photomicrographs of subcutaneous tissue surrounding metallic plate at the 12th week after
implantation (HE stain, X50).
a . Titanium alloy
b : Titanium nitride
Histological examination of the reaction of surrounding tissue shows that titanium alloy is
also encapsulated by dense fibrous tissue layers (a), and that titanium nitride is encapsulated
by dense fibrous tissue layers with rich vasculature at the 12th week after implantation (b) .
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Fig.11 Photomicrographs of femur at the site of metallic screw at the 2nd week after implantation
(HE stain)
a . Stainless steel (X2.5)
b : Pure titanium (Xx25)
¢ : Titanium alloy (Xx25)
d : Titanium nitride (X2.5)
New bone formation is observed at the area of bone defect around the screws (arrows) .
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Fig.12 Photomicrographs of femur at the site of metallic screw at the 4th week after implantation

(HE stain, x25) .
a . Stainless steel

b . Pure titanium

¢ : Titanium alloy
d : Titanium nitride

New bone formation is observed at the area of bone defect around the screw (arrows) .
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a . Stainless steel (X2.5)

b : Magnification of a (X 25)
¢ : Titanium nitride (X2.5)
d : Magnification of ¢ (X25)

New bone formation is observed at the area of bone defect around the screw (arrows) .

Fig.13 IZhotomicrographs of femur at the site of metallic screw at the 8th week after implantation
HE stain
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Fig.14 Photomicrographs of femur at the site of metallic screw at the 12th week after implantation
(HE stain, Xx10) .

a . Stainless steel
b : Pure titanium
c . Titanium alloy
d : Titanium nitride

The screw head is covered by new bone formation (arrows) .
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