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Forty-eight screws, six double cylindrical implants and six T-plates were 
inserted into the tibia or femur of 6 dogs. %o titanium screws were in- 
serted into the proximal tibia of 5 patients to anchor a titanium mould. 
The implants were removed en bloc with adjacent bone tissue after 3 to 14 
months. They were sectioned using a technique that allowed analysis of 
the intact tissue-to-metal specimens. Osseointegration, defined as a direct 
bone-to-implant contact without interposed soft tissue, was confirmed in 
all screw-shaped implants while the cylindres had only partial bone con- 
tact as did the T-plates. We conclude that osseointegrated implants may 
be applicable in joint reconstruction for arthrosis or rheumatoid arthritis. 
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Introduction 
Even if points of direct bone contact have been 
observed between clinical joint substitutes and 
skeletal beds (Draenert 1977, Linder & Hans- 
son 19831, it is generally believed that the in- 
terface zone, irrespective of the mode of im- 
plant furation, consists of a fibrous tissue layer 
which permits movements between bone and 
the foreign device (Charnley 1970, Lord et al. 
1979, Ryd 1986). Why some implants fail while 
others, in spite of interfacial fretting, function 
well for years is not fully understood. The sug- 
gestion that the o h n  reported gradually in- 
creasing failure rate with time may be asso- 
ciated with micromotion between the implant 
and host tissue appears reasonable. 

Brdnemark and associates (1969, i977) have 
shown that load-bearing solid titanium im- 
plants in the jaw bone of man can become inte- 
grated with a direct contact between bone and 
titanium and remain so for 20 years or more 
(Brlnemark & Albrektsson 1986). This osseo- 
integrated interface has demonstrated a 
unique capacity: once established, osseointe- 
gration remains with hardly any implant 
losses with time (Zarb and Albrektsson 1985). 
Whether such a direct bone-to-titanium con- 
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tact along the entire implant surface will also 
occur in the vicinity of the large joints is not 
known. 

We analyzed the tissue reactions to three dif- 
ferent types of titanium implants in skeletal 
sites adjacent to canine and human joints by 
means of a histological technique capable of 
producing a detailed overall image of the inter- 
face between bone and metallic implants. 

Materials and methods 
Implant manufacturing. The implants were ma- 
chined from 99.75 per cent commercially pure ti- 
tanium in a workshop and cleaned manually and ul- 
trasonically, This controlled manufacturing process 
ensures the establishment of a defined implant sur- 
face geometry with an oxide layer of a thickness of 
50-60 A (Albrektsson 1985). 

Experimentcat implants (Figure 1). Six adult beagle 
dogs were used for the experiments which were per- 
formed under general anaesthesia. Altogether sixty 
implants of three designs were inserted into the 
proximal tibia1 or distal femoral metaphysis, A screw 
(12 mm long, 3.75 mm in diameter) was inserted in a 
pre-tapped hole (n = 48). A double cylinder with an 
irregular surface (length 24 mm, 8 mm in diameter) 
was inserted into a preformed defect (n = 61, A T- 
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Figure 1.  Three implants were used: screw, double cylinder 
and T-plate. 

plate was placed with the transverse part of the T 
(length 18 mm) on the bone surface, and the 8 mm 
long shaft was inserted into a preformed slit in the 
cortical bone (n = 6). 

The bone defects through the cortex and into the 
medullary cavity were prepared with a minimally 
traumatizing technique including profuse saline 
cooling and drilling and sawing at rotational speeds 
less than 100 rpm. 

The implants were left in the bone site until the 
animals were killed, i.e. 15 screws for 3 months, an- 
other 15 screws for 14 months, and the remaining 
implants for 7 months. The animals were allowed full 
weight-bearing all the time. At the termination of 
the experiment all implants were removed en bloc 
with the adjacent bone tissue to enable later sec- 
tioning of the intact bone-to-metal interface. 

Clinical implants. ' h o  titanium screws (9 mm long, 
3 mm in diameter) were inserted into the proximal 
tibial metaphysis of 2 men and 3 women, aged 2440  
years. The screws served to fix a titanium mould 
which was used for producing ossicular autografts 
for later transplantation to the middle ear (qell- 
striim et al. 1978). In the present study, only the in- 
terface zone around the fmation screws was exam- 
ined. Five months after insertion into the human ti- 
bia, the screws were removed with a trephine that 

ensured an intact bone cover around them. All clin- 
ical and experimental implants were radiographed 
after insertion and at the time of removal from the 
bone. 

Preparation of tissue specimens. The intact bone-to- 
metal specimens were dehydrated and embedded 
into hard methylmethacrylate plastic. Undecalcified 
sections of bone and titanium (Donath and Breuner 
1982) were cut into a thickness of 100 pm or more 
with a band saw (Exact, Histolab, Gothenburg, Swe- 
den) using a diamond blade. Thereafter, the sections 
were ground to 10 pm or less (Struers Scientific In- 
struments DPU-3, Copenhagen, Denmark). The 
specimens were stained with toluidine blue and with 
pyronine-G. 

Results 
Experimental implants. All implants were clin- 
ically stable. There was no discolouration or 
other tissue reactions surrounding the im- 
plants. 

Microscopically, the titanium screws were 
well integrated into bone. At the cortical pas- 
sage, bone with haversian systems filled the 
threads of the implants entirely (Figure 2). The 
threads were evenly surrounded by newly for- 
med bone, with the exception of the tip of one 
or two threads in three of the implants, where 
slight bone resorption was noticed. At the level 
of the cortical passage, there were no signs of 
soft tissue between bone and titanium, and the 
screws were all firmly osseointegrated. There 
were no differences between the level of bone 
contact after three months and that after 14 
months. 

Double cylindrical implants showed patches 
with direct bone contact. However, fibrous tis- 
sue was interposed between bone and metal in 
many places, and the general image was that 
of a mixed bony-fibrous anchorage. The fibrous 
tissue coat was 170-250 pm thick (Figure 3). 

T-plates likewise showed parts with a direct 
bone-to-implant contact without fibrous tissue 
inbetween. In other areas, however, there was 
soft tissue between bone and implant (Figure 
4). The fibrous coat in such cases varied in 
thickness between 60 and 250 pm. Compared 
to the screws the bone integration of the plates 
was poor with fibrous tissue lining about 20 
per cent of the plate surface. 
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Figure 2. A. Direct contact between bone and Titanium(Ti) on all sides of the screw threads (x  10). B. Small irregularities in the Ti- 
tanium(Ti) surface are anchored in bone which means an improved stability over the interface (x25). 

Clinical implants. All ten screws were mac- 
roscopically stable in the bone at the time of re- 
moval. Intact bone-to-titanium sections re- 
vealed direct bone contact without interposed 
soft tissue (Figure 5). Bone tissue was found 
anchoring the screws all around their circum- 

Figure 3. Double 
cylindrical implant 
with an interface 
of a mixed pattern 
with same places 
with a direct 
bone-to-implant 
contact and 
others with a fi- 
brous tissue 
coat(') separating 
the Titanium(Ti) 
from the bone 
(x25). 

ference. There was no tendency to varying 
amounts of bone on any side of the screw 
thread. In some cases pre-existing bone was 
observed not yet totally remodelled. This old 
bone was always separated from the titanium 
surface by newly formed bone tissue. 

Radiographs of clinical and experimental 
(Figure 6) implants at the time of removal indi- 
cated anchoring bone tissue without any radio- 
lucent zone. 

Discussion 
Our experiments demonstrate that direct 
bone-to-implant contact may be established 
along the entire circumference of a solid ti- 
tanium implant in the vicinity of the knee joint 
in the dog and man. However, it must be ob- 
served that we have not tested the implants in 
a dynamic load situation. Plenk and associates 
(1984) have recently indicated the possibility of 

21. 
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Figure 4. T-plates showing either interposed 
soft tissue r) between Titanium(Ti) and 
bone (a) or evidence of a direct bone-to- 
metal contact (b). (x25). 

establishing overall bone-to-implant contact in 
experimental hip joint reconstructions where 
the implants are dynamically loaded. Tanta- 
lum or niobium femoral stems were used to re- 
place canine hips over an 18 month period, and 
there was osseointegration of the devices. 

While our threaded implants became osseo- 
integrated, the non-threaded ones showed a 
more varied picture with patches of bone-to- 
implant contact interrupted by areas with a fi- 
brous tissue contact. This varied appearance 
was similar to that seen when bone invades 
porous fiber titanium composites (Chen et al. 

1983, Hedley et al. 1983, Rprnningen et al. 
1983). 

It remains to be determined whether the 
complete osseointegration of threaded, solid ti- 
tanium implants in bone agjacent to large 
joints can resist dynamic loading when coupled 
to joint substitutes. It also seems mandatory to 
demonstrate whether direct bone-to-implant 
contact can be achieved in diseased bone adja- 
cent to large joints. Experience from osseoin- 
tegrated finger joint substitutes in arthrosis 
(Hagert et al. 1986) and from successful bone 
anchorage in the jaw bones of rheumatoid and 

Fiure 5. Screws inserted 5 months previously in the human tibia with a clear Figure 6. No radiducent zones are seen around 
osseous integration and remnants of bone r) from the time before implantation. the implant in the knee region of a dog. How- 
( ~ 2 5 ) .  ever, the resolution level of the radiogram does 

not permit a conclusion whether osseointegra- 
tion has occurred or not. 
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osteoporotic patients (Brlnemark et al. 1977) 
indicate that there may be a potential for fma- 
tion of large joint substitutes via osseointe- 
grated threaded, solid implants of commer- 
cially pure titanium. 
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