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Bone fixation of ceramic-coated and fiber

titanium implants
A study in weight-bearing rats

We compared the fixation of glass ceramic-coated titanium and fiber ti-
tanium implants using a simple weight-bearing model in rats. The chemi-
cal composition of the glass ceramic was similar to 45S5F Bioglass®.

One hundred and eight male Wistar rats were operated on. A segment of
their right tibias was replaced by a disc-shaped implant with a central
hole. A stable osteosynthesis was completed by means of an intramedul-
lary nail and a tension band. Thirty-six rats received glass ceramic-coated
and 36 fiber titanium implants. In 36 rats osteotomies were performed. All
animals survived without complications until scheduled sacrifice at 3, 12
and 26 weeks, postoperatively. The ultimate bending moments of the fiber
titanium-bone interfaces and the osteotomies increased with time, and ap-
proached the levels of the contralateral, intact tibias at the 12th and 26th
week. Also, the ultimate bending stresses increased from the 3rd to 12th
week. After 26 weeks the fiber titanium-bone interfaces had reached
about 45 per cent, and the osteotomies about 75 per cent of the strength of
the intact tibias. All the glass ceramic-coated implants were loose, and at
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26 weeks there was no coating left.

Bioactive glass ceramics and porous fiber ti-
tanium have emerged as two potential coating
materials for prosthesis fixation (Galante &
Rostoker 1973, Blencke et al. 1978). Both ma-
terials seem to be well tolerated by bone as well
as soft tissue (Wilson et al. 1981, Branemark &
Albrektsson 1982). The former is claimed to re-
act chemically with bone (Hench & Paschall
1973), while fixation of the latter seems to de-
pend on bone ingrowth (Bobyn et al. 1980).
Several experimental implantation studies
have been performed with non-weight-bearing
and static loading of implants (Ducheyne et al.
1977, Hulbert et al. 1979).

We introduce a simple, weight-bearing mo-
del for dynamic loading of implants in rats to
compare the fixation of glass ceramic-coated ti-
tanium and porous fiber titanium to bone, and
to investigate whether weight bearing would
interfere with the bond strength.

Material and methods

Thirty-six porous fiber titanium discs made from the
Ti-6A1-4V alloy and 36 compact titanium discs

coated with a glass ceramic similar to 45S5F Bio-
glass® were used (Piotrowski et al. 1975). The former
had been manufactured by compressing 0.25-mm-
thick wire stumps to a porous structure of 50 per
cent void space. The latter had a 0.20-mm-thick
plasma flame-sprayed glass ceramic coat (Barth &
Herg 1986). All implants were 5.0 mm diameter by
3.0 mm height and had a central hole of 1.3 mm dia-
meter. They were gas sterilized before implantation.
One hundred and eight juvenile, male Wistar rats
with open physes (weight 310-335 g) were used.
Thirty-six animals were scheduled for porous fiber ti-
tanium implants and 36 for glass ceramic-coated im-
plants, while 36 had osteotomies. The healing of the
osteotomies was used as a reference for the increase
in strength during the study. The animals were
anesthetized with fluanisone 0.5mg/100g subcutane-
ously (Hypnorm Vet.®, Mekos, Helsingborg, Swe-
den). The right tibia was exposed through an ante-
romedial incision and carefully dissected from mus-
cles and periosteum. The patellar tendon was split
longitudinally and a hole drilled into the marrow
cavity with a dental burr (diameter 0.8 mm), 2 mm
proximal to the tibial tuberosity. An osteotomy or a
3-mm resection of the tibia was performed 5 mm dis-
tal to the knee joint. The fibula was left intact. A
horizontal hole was drilled through the anterior ti-
bial ridge 2 mm distal to the osteotomy/resected
bone. Implants were inserted in close contact with
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bone. A stable osteosynthesis was obtained by means
of an intramedullary nail (diameter 0.8 mm) and a
cerclage (diameter 0.5 mm), which was passed
through the horizontal hole distal to the osteotomy
or implant and then around the proximal tip of the
marrow nail as a tension band (Figure 1). The tibias
were radiographed postoperatively and at sacrifice.
Twelve animals from each osteotomy/implant group
were sacrificed at 3, 12 and 26 weeks postopera-
tively.

Before bending tests, the right and left (control) ti-
bias were freed from soft tissue. In order to test the
fixation between bone and implants, any bony

Figure 1. Osteotomy (left), glass ceramic-coated implant (mid-
dle) and fiber titanium implant (right).

A. Postoperative. The physes are open. There is close contact
between bone and implants.

B. After 3 weeks. The physes are now closed. The osteotomy
site is still discernible. There is a radiolucency around the glass
ceramic-coated impiant. The fiber titanium implant is in ciose
contact with bone.

C. After 12 weeks. Around the glass ceramic-coated implant
there is a radiolucency. The adjacent bone is sclerotic. Bone
bridges have formed across the implant site. The fiber titanium
implant is in close contact with bone. The radiographs at 26
weeks were similar,

bridges covering the implants were gently removed
along with nails and cerclages. The bending tests
were performed by ventral deflection of the proximal
end of tibia. The bones and implant-bone interfaces
were tested until failure by a constant deformation
rate of 0.04 rad s-1 (Engesaeter et al. 1979), and the
ultimate bending forces measured. The inner and
outer diameters of the circular fracture areas of the
right tibias and the inner and outer base lines and
heights of the triangular fracture areas of the left
(control) tibias were measured using a sliding caliper
(accuracy * 0.01 mm).

The ultimate bending moments were computed in
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Nm (Engesaeter et al. 1979). The ultimate bending
stresses (MN/m? were computed relating the bend-
ing moments to the areal moments of inertia. The
area for a circular, hollow beam was used for the
right operated tibias and a triangular hollow beam
for the left, intact tibias (Popov 1978). Averages and
dispersions were expressed as the arithmetic mean
+ 1 SD. Analysis of variance was used to test for dif-
ferences between multiple means. Where differences
were found, means were contrasted using a posteri-
ori tests (Sokal & Rohlf 1969).

Results

The operated hind legs functioned normally
within 2 days, and all animals survived with-
out complications until scheduled sacrifice. The
osteotomies were healed radiographically
within 12 weeks. The fiber implants were in
close contact with the bone during the whole
observation period, whereas there was a radio-
lucent zone around the glass ceramic-coated
implants 3 weeks after surgery. The fibulas
were intact (Figure 1). The fiber titanium im-
plants were macroscopically pervaded by bone
at 12 and 26 weeks. The tibias with these im-
plants failed at the distal implant-bone inter-
face during bending. Removal of the bone
bridges around the glass ceramic-coated im-
plants revealed loose implants at all intervals.
There was no extensive loss of the coating after
3 and 12 weeks, but at 26 weeks most of the
coating had vanished. The fractured areas of
the osteotomies and implant-bone interfaces
were all circular. The left (control) metaphyses

had triangular fracture areas. The ultimate
bending moments of the fiber titanium-bone
interfaces and the osteotomies increased with
time after surgery and approached the bending
moment levels of the contralateral, intact ti-
bias at 26 weeks (Table 1). The ultimate bend-
ing stresses of the fiber titanium-bone inter-
faces and the osteotomies increased from the
3rd to the 12th week (Table 1). After 26 weeks
the fiber titanium-bone interfaces had reached
about 45 per cent and the osteotomies about 75
per cent of the strength of the intact tibias.

Discussion

In this model an intramedullary nail was used.
The major difference in strength between the
osteotomy group and the controls at 3 weeks
may be explained by vascular damage caused
by the introduction of this nail, a difference la-
ter compensated for through revascularization.

The intramedullary nails caused no stress
shielding, as documented in a previous pilot
study. The nails were removed 3 weeks after
tibial osteotomy, and 3 weeks later there was
no difference in bending strength compared to
osteotomies which had healed with the nails in
situ.

The porous and solid materials which we
compared represent two different philosophies
in implantelogy; one is fixation by ingrowth of
bone and the other by bonding at the bone-im-
plant interface. The porous fiber titanium im-
plants were macroscopically pervaded by bone

Table 1. Ultimate bending moments (1) and stresses (Il) of controls, osteotomies and the distal fiber titanium to bone interfaces

(Mean + SD).
3 wk 12 wk 26 wk

Control 0.50+0.10 . 0.7+0.2 0.7+0.1

I Osteotomy 0.2010.05 0.6+0.1 0.8+0.1
Fiber 0.10+0.04 b 04102 il 0.710.2
Control 105+54.6 140 +45.9 114 +45.4

] Osteotomy 84+ 5.1 o 76.0+19.2 79.8+14.6
Fiber 58+ 08° 35.0+13.6 . 48.3114.9

Significantly different: *** p<0.0005, ** p<0.005, * p<0.05.
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at 12 and 26 weeks. Porous ingrowth of bone is
a process of fracture healing like the healing of
osteotomies (Rgnningen et al. 1983). Judged by
the strength data the process was largely com-
pleted within 12 weeks, and this agrees with
the data of other authors (Simmons 1980). The
average pore size of these implants was 400 um
(Underwood et al. 1984). This is within the op-
timal range for bone ingrowth (Ducheyne et al.
1977, Bobyn et al. 1980). The fiber titanium
has a low elastic modulus and very high com-
pliance capabilities. This allows for a distrib-
uted load transfer from the implant material to
the surrounding bone, avoiding stress concen-
trations at the bone-implant interface (Ros-
toker et al. 1974).

The fixation of the glass ceramic-coated im-
plants failed in this model. The bone-bonding
capacity of the coating has previously been
documented under static loading (Barth et al.
1985), but under dynamic loading no bonding
occurred even at 3 and 12 weeks when coating
was still covering the implants. Thus there ap-
pears to be a discrepancy in bond formation in
dynamic versus static loading. This agrees
with Ducheyne (1985) who has hypothesized
that the elastic discontinuity between the duct-
ile bone and the brittle glass does not allow a
distributed load transfer at the bone-implant
interface. The resulting high stress concentra-
tion at the interface under dynamic loading
will interrupt bond formation in cases where
static loading does not interfere. In order to
combine bicreactivity with ductility, Gheysen
et al. (1983) have designed a metal-fiber rein-
forced glass ceramic.

The total loss of coating after 26 weeks
agrees with a recent study where we found a
leakage of silicon ions from glass ceramic into
the tissues (Barth et al. 1985). Thus our results
advocate against the use of this glass ceramic
coating for fixation of highly stressed ortho-
pedic implants because it is brittle, and be-
cause it is degraded by the tissues.
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