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Biomechanical and histological 
evaluation of a hydroxyapatite-coated 
titanium femoral stem fixed with an 
intramedullary morsellized bone 
grafting technique: an animal 
experiment on goats 

B.W. Shrews, R. Huiskes, P. Buma and T. J. J.H. Slooff 
Department of Orthopaedics, University of Nijmegen, P.O. Box 9707, 6500 HB Nijmegen, The Nether/ends 

To reconstruct femoral intramedullary bone-stock loss in revision surgery of failed total hip arthro- 

plasties, morsellized trabecular bone grafts can be used. In 14 goats a noncemented hydroxyapatite- 

coated titanium stem was fixed within a circumferential construction of bone allografts. After 6 or 

12 wk, four goats were used for mechanical tests and three for histology. The stability of the stems 

relative to the bone was determined in a loading experiment with Roentgenstereo-Photogrammatic 

Analysis (WA). Owing to two loosenings and two fractures, only one 6-wk specimen and three 12-wk 

specimens were available for mechanical testing. The prostheses were very stable at 12 wk. The most 

important movements were axial rotation (maximal 0.17” at 800 N) and subsidence (maximal 0.036 mm 

at 800 N). After unloading, there was 40-60% elastic recovery. Histological examination showed 

revascularization and remodelling of the graft in all the specimens investigated. At the graft site, bone 

apposition and bone resorption had resulted in a mixture of graft and new bone. Bone incorporation 

was mainly seen in the proximal areas. Graft lysis was evident in the midshaft region and at distal 

levels around the prostheses. Copyright 0 1996 Elsevier Science Limited 
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Despite the impressive results of cemented total hip 
arthroplasty, about 10% of operations have to be 
revised within 10 yr’. Aseptic loosening, which is the 
major long-term cause for revision, is associated with 
migration of the implant, the formation of a 
radiolucent line on X-rays, and bone stock loss. 
Although cementless prostheses have yielded good 
short-term results?~ 3, they can also produce lysis and 
loosening4. 

The main problem encountered during femoral 
revision is a loss of intramedullary bone stock, which 
is caused by the loosening process itself and by the 
removal of the prosthesis and cement. The results of 
femoral revision after simply filling the defect with 
bone cement are unsatisfactory, even with modern 
cementing techniques or in combination with long 
stems5-8. Several grafting techniques to reconstruct the 
femur, using different types of bone graft, have been 
describedg-14. Based on the poor results of revision 
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with structural grafts at the acetabular site, we advise 
against using this type of graft15. Some authors have 
advocated the use of only noncemented techniques in 
cemented revision cases16, but the results of these 
noncemented revisions are unsatisfactory, with 
femoral loosening up to 9.5% after 1 yr17-*‘. 

Since 1979, in our department, severe cases of 
acetabular bone stock loss have been successfully 
restored with a bone grafting technique using impacted 
morsellized trabecular bone chips”. In 1988, a special 
set of instruments was developed for the femoral 
application of this procedure. Intramedullary 
reconstruction of the endosteal wall could be achieved 
with morsellized bone chips. 

In the present study, the viability of this technique in 
combination with an experimental noncemented 
hydroxyapatite (HA) coated stem was investigated in 
an animal experiment. The biomechanical stability of 
the stem 6 and 12 wk postoperatively was determined 
with roentgenstereo-photogrammatic analysis (RSA)‘l. 
The histological analysis focussed on the rate of 
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consolidation, the rate of incorporation of the graft and 
the interface area between the prosthesis and the bone. 

MATERIALS AND METHODS 

Fourteen adult goats (Capra Hircus Sana) underwent 
surgery on the right hip using general anaesthesia and 
standard desinfection techniques. The dorsolateral 
approach was used and the hip was luxated. After 
resection of the femoral head, the femoral canal was 
prepared using hand reamers (9-14mm). The canal 
was cleaned and an appropriately sized bone cement 
plug (AlloPro size 3.5-5) was screwed on to a metal 
rod (diameter 10mm) which was then introduced into 
the medullary canal (see Figure z for a diagram of the 
technique). The space between this rod and the 
cortical bone (24mm) was filled with chip-like 
trabecular grafts in a retrograde fashion. Trabecular 
bone grafts were harvested from donor goats under 
sterile conditions. Donor sites were the sternum, the 
distal femur, proximal tibia and humeral head. 
Perioperative bacterial cultures were taken. All the 
swabs of the implanted allografts were negative. Grafts 
were stored at -80” until implantation. The maximal 
storage time was 6 months. Before use, the grafts were 
thawed at room temperature. Using a special set of 
instruments, consisting of several sizes of tubes sliding 
over a central metal rod, the grafts could be 
compressed axially and radially (Figure I). After the 

filling process had been completed, the central metal 
rod was removed, leaving a central cavity surrounded 
by impacted graft. A noncemented titanium prosthesis 
was inserted into this cavity (Ti 6Al-4V ELI Canine 
Hip Prosthesis by Osteonics, fully coated with HA 
powder, CaP ratio 1.66, plasmasprayed; thickness 40- 
60pm; crystallinity ca. 70%; Figure 2. The HA coating 
was applied by CAM b.v.; de Groot et al.‘“). An acrylic 
strut containing a tantalum pellet was glued to the tip 
of the prosthesis prior to insertion for the RSA 
measurements. The diameter of the modular femoral 
head was 22 or 26mm (CoCr bearing in T 799 alloy]. 
After the operation, the goats were kept in a hammock 
for 1-2 d, then they were transferred to cages which 
allowed free walking. X-rays were taken immediately 
after the operation, if appropriate at 6 wk postopera- 
tively, and after the goats were killed. Loading patterns 
of the goats were graded weekly using the scoring 
system of functionZ3, explained in the Results section. 
Goats were killed after 6 (7 goats) or 12 (7 goats] wk by 
an overdose of sodium pentobarbital. In each group 
four goats were used for biomechanical RSA studies 
and three for histological investigation. The motion of 
the stems relative to the cortical bone was measured 
with the RSA method described by Selvik’l. The 
femora for the biomechanical studies were freshly 
harvested and stored at -80°C ready for testing. After 
thawing, the femora were resected just above the 
condyles and partly embedded in polymethylmethacry- 

d 

c 

b 

a 

Figure 1 Schematic drawing of the graft impaction techni- 
que using a special set of instruments. A bone cement plug 
(a) is screwed on to a metal rod (b) and introduced into the 
canal. The space between the metal rod and the cortical 
bone is filled with trabecular bone grafts (c). These grafts 
are impacted using metal tubes which slide over the 
central rod. Different types of tube are used for axial (d) 
and radial (e) impaction of the grafts. Figure 2 The titanium prosthesis fully coated with HA 
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late (PMMA). Tantalum pellets contained in acrylic 
struts were attached proximally and distally to the 
medial and lateral sides of the cortical bone, three at 
each location. Two small acrylic struts containing 
three pellets each were glued to the medial and lateral 
aspects of the head of the prosthesis. In this way, two 
sets of three pellets proximally and one single pellet 
distally defined the position of the prosthesis. The 
implanted prostheses were then loaded in an MTS 
testing machine. Relative to the vertical position, the 
femora were tilted 15” in the lateral direction and 
endorotated 45”, in order to obtain a physiological load 
on the femoral headz31z4. The load was applied 
stepwise from 0 to 200, 500, and 800 (&lo) N (Figure 

3). After each loading step, the load was kept constant 
for TOmin. Before loading, after each loading step and 
again 10 min after the final unloading, stereoroentgeno- 
grams were taken. These were measured using an 
Aristomat digitizer. The 3D pellet positions at all the 
time periods during the loading cycle were determined 
using the RSA computer system. To increase accuracy, 
all the roentenograms were measured five times and 
the results were averaged. This method produced 
translations of the prosthesis relative to the cortical 
bone along the X-axis (lateral-medial translation), Y- 
axis (axial translation, i.e. subsidence], and Z-axis 
(antero-posterior translation). Rotations around the X- 
axis (rotation in the sagittal plane), Y-axis (horizontal 
plane) and Z-axis (frontal plane) were calculated. The 
coordinate system is depicted in Figure 4. 

To allow qualitative assessment of bone 
remodelling, all the goats selected for the histological 
study received intravital fluorochromes. We used 
terramycin (d 8-12, 25 mg kg-’ d-l), alizaron 
complexon (6-wk group, d 23-27; 12-wk group, d 49- 
53, 30mgkg-’ d-l) and calcein green (6-wk group, d 
3842; 12-wk group d 80-84, 2Omgkg-’ d-*)25-27. In 
order to visualize the revascularization of the graft, 
the legs were perfused with Micropaque% according 
to the microangiographic procedure of Rhinelander 
and BaragryZ8. Both femora were harvested after 
careful exarticulation and fixed in a mixture of 
ethanol and formalin. After contact-roentgenograms 
had been taken, the femora were cut into slices of 

Figure 4 Femur with bone grafts and a prosthesis. The 
laboratory coordinate system is shown. 

Loading Schedule 
lntramedullary Grafts 

N 10 

800 - 

3mm with the prosthesis still in situ. The sectioning 
scheme allowed observations along the entire length 
of the prosthesis. To study the bone-prosthesis 
interface and the integrity of the HA layer, the slices 
were studied using routine, fluorescence and confocal 
microscopy. To facilitate further standard histological 
analysis, the titanium prosthesis core was removed. 
For microangiography, slices were decalcified in 
formic acid under radiological control. For 
fluorescence microscopy, slices were embedded in 
PMMA and sectioned (30pm) on a rotating water- 
cooled diamond saw (Leitz 1600)2g,30. For routine 
histology, slices were decalcified in EDTA, embedded 
in PMMA, section (7 pm) and stained with HE. 

RESULTS 

Clinical observations 

time (mid 

Figure 3 The loading regime. Roentgenstereograms were 
taken 10 min after the increase in load. The arrows indicate 
when roentgenstereograms were taken. 

The average weight of the goats was 62.2 kg (48-77 kg). 
There were no perioperative losses. The mean 
operation time was 3.5 h (3 h 15 min-4 h 15 min). Two 
goats in the 6-wk group were lost to follow-up owing 
to a fracture of the operated femur at the tip of the 
prosthesis. In one case a spontaneous fracture occurred 
5 wk after the operation (Gs-C), in the other case the 
fracture occurred after trauma during transportation 
from one cage to another (G6-II). The loading patterns 
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of the goats are graphically represented in Figure 5A 
and B. All the goats loaded the prosthesis during 
walking, except for G6-B. At the time of being killed, 
three prostheses showed rotational instability (G6-B, 
G6-E, G12-D). 

Radiological observations during the clinical 
phase 

Most of the prostheses were placed in a neutral 
position, although some were slightly in varus (see 
Figure SC). In one goat (G12-E) a fracture occurred in 
the calcar zone which was evident during the 
operation. However, fracture healing was seen. 
Subsidence was estimated on the AP and lateral 
standard radiograms. Owing to standardization 
problems of the clinical radiograms, precise 
measurements were hampered. All but four cases 
showed gross subsidence of several mm of the 
prosthesis at 6 wk relative to the immediate postopera- 
tive position. No subsidence was observed in any of 

Loading pattern 
Follow-up 6 weeks 

SCORE YPMA 

G&A G6-B G&C G6-D G6-E G6-F G6-H 

- 2 weeks @ 4 weeks 0 6 weeks 

a 

Loading pattern 
Follow-up 12 weeks 

SCORE YPMA 

4 

G12-A GlZ-8 GlZ-C GlZ-D GlZ-E GlZ-F GlZ-G 

- 2 weeks @ 4 weeks 0 6 weeks 12 weeks 

b 

Figure 5 Grading of postoperative weight-bearing accord- 
ing to Ypmaz3. Goats were scored weekly; the scores at 2, 
4, 6, and 12 wk are presented. 0, Not used at all; 1, 
supported incidentally; 2, loaded in standing position and 
incidentally while walking; 3, loaded in standing position 
and walking, but with a limp; 4, normal standing and 
walking. 

the goats in the period 6-12 wk. On the postoperative 
radiograms the area in which the graft was located 
was seen as a homogeneous radio-opaque structure. In 
most of the cases after 6wk and in all of the cases 
after 12 wk, this area was more radiolucent (see Figure 
BB, Cl. 

RSA measurements 

The standard deviations for the displacements in the 
RSA study were estimated to be 0.036mm and 0.07” 
for translations and rotations, respectively. Owing to 
the two fractures and one evident loosening, only one 
specimen was left for biomechanical testing at 6wk 
(Figures 6A, 7B). In the 12-wk group, three specimens 
could be used; one was lost owing to evident loosening 
(Figures 6B, 7B). Any translations and rotations were 
small. Figures 6 and 7 show a graphical representation 
of the Y-translation, resulting in subsidence of the 
prosthesis relative to the cortical bone, and the psi 
rotation around the Y-axis, resulting in axial rotation 
of the prosthesis. Rotations and translations in the 
other directions were generally much smaller (except 

Rotations noncemented prosthesis 
After 6 weeks implantation 

dearees 

-O.’ ~ 
0 200N SOON BOON ml. 

a 

Rotations noncemented prosthesis 
After 12 weeks implantation 

0.3 
degrees 

_I 

0 200N SOON SOON ufll. 

b 

Figure 6 Axial rotations found for the specimens in: a, the 
6-wk group; and b, the 12-wk group, from unloaded to 
stepwise increases in load, back to unloaded. 
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Subsidence noncemented prosthesis 
After 6 weeks implantation 

O.’ mmC7 
- GO-A 

_.::;= 

-0.2 
0 

a 

200 N 600 N 800 N ml. 

Subsidence noncemented prosthesis 
After 12 weeks implantation 

mm 
0.1 

-0.2 1 
0 

b 

I 

2oON SOON BOON unl. 

Figure 7 Subsidence found in: a, the 6-wk specimens; and 
b, the 12-wk group, from unloaded to stepwise increases in 
load, back to unloaded. 

for G12-B; translation x direction under 800N was 
0.115 mm). In all the cases subsidence increased with 
load. After unloading, elastic recovery occurred, which 
resulted in very small permanent translations and 
rotations. After 5 additional loading cycles, the 12-wk 
specimens showed an average subsidence of 0.009 mm 
and an average additional rotation of 0.03”. 

Histological analysis 

The loosening of specimen G6-E was due to a histologi- 
cally proven infection. It was discarded from further 
histological analysis. 

The roentgenphotos of the whole bones suggested 
local differences in the incorporation of the graft into a 
new trabecular structure (Figure BB, C). Radiolucent 
areas were found, particularly at midshaft levels, 
which indicated that complete incorporation had not 
taken place (Figure 8B). Therefore, proximal, midshaft 
and distal levels were studied separately. Changes in 
the architecture of the graft were confirmed in detail 
on the contact-roentgenograms of the slices (Figure 80, 

E) and histologically. In three cases microfractures 
were found in the proximal cortical bone. 

At locations where no vascular invasion had taken 
place, the original medullary fat had been replaced by 
a loosely organized fibrin clot, and the graft consisted 
of large pieces of trabecular bone which showed 
microfractures due to the impaction process (Figure 
8G, H). Histologically, the grafted bone could be easily 
recognized by the empty osteocyte lacunae or, if 
present, the pycnotic appearance of the osteocytes 
(Figure 9A, B, 0). The graft was found to be infiltrated 
bY vascular elements, loose connective tissue, 
macrophages, osteoblastic and osteoclastic bone cells 
(Figure 81). This revascularization and ossification 
front could be followed by the polychrome sequential 
labelling. The first activity of this front was seen in the 
endosteal cortex, in time penetrating to the more 
central parts of the grafts. Distally, we observed that 
revascularization of the graft took a few weeks longer, 
owing to damage to the compact cortical bone induced 
by the operation. Many osteoclasts and osteoblasts 
were involved in the process of bone lysis, formation 
and incorporation of the graft (Figure 9B, D, H). The 
bony structure formed was a mixture of necrotic bone 
graft and woven trabecular bone, which had been laid 
down on the graft (Figure 9B, 0). 

At proximal levels, revascularization, incorporation 
and remodelling of the grafts were seen at the lateral 
trochanteric site after 6wk, and the trabeculae had 
formed interconnections with the pre-existing host 
bone at the corners of the prosthesis (Figure 9A, B). At 
12 wk, revascularization and incorporation were also 
seen on the medial side, although these were less 
pronounced than on the lateral side. Both fluorescence 
microscopy and confocal microscopy showed very 
close contact between the graft and the HA (Figure 
9C). The distance of new bone to the metal ranged 
between 40 and 60 pm, which indicated that there was 
direct bone-HA contact. This was confirmed by the 
histological sections after the prosthesis had been 
removed. A layer of HA was present at the locations 
where bone ingrowth had occurred into the HA (Figure 
9.5). Although there was fracture healing in G12-E, 
there was no proximal bone-HA contact. Instead a 
300~pm thick fibrous layer had formed (Figure 9F), 
with loose HA crystals at the interface. Trabecular 
bone had developed in a shell around this fibrous 
interface. Polarized light showed that the orientation of 
the collagen fibres was perpendicular to the surface of 
the prosthesis. 

After 12 wk most of the graft had disappeared at 
midshaft levels (Figures 8E, 9G, H). The process of 
osteolysis took slightly longer than 6 wk to start. Many 
osteoclastic cells were present and were responsible 
for resorbing the graft (Figure 9H), which had been 
replaced by loosely organized fibrous tissue. From the 
cortical wall this fibrous tissue was found to be 
infiltrated by woven callous bone, which had never 
made direct contact with the prosthesis (Figure 9G). 

After 12 wk some areas of the graft were still present 
in the original non-revascularized form at distal levels 
around the prosthesis (Figure 8G, H). Similar 
phenomena were also observed at midshaft levels. 
After revascularization, graft lysis predominated 
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Fig! ure 8 A-C, Roentgenograms of A, control status, and implant status after B, and C, 12-wk. Note the proximal trabecu 
bon le in A and the different zones of bone incorporation in B. The roentgenological appearance of the proximal graft h 
cha nged from a diffuse appearance to a trabecular structure (large arrow). At midshaft levels (small arrows) the graft 
rad iolucent. D-F, Roentenograms of thick sections at D, proximal, E, mid-shaft, and F, distal levels along the prosthesis 
the 12-wk group. G, Graft after impaction but before incorporation. x15. H, Enlargement of the encircled area in G. x45. 
Gra nulation reaction associated with wound healing and graft incorporation after 6 wk. Note the many monocytic cells. x25 
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Figure 9 A, HE-stained section of the proximal lateral bony structure after 12wk. Note the connections between the host 
cortical bone and the prosthesis (removed for histotechnical reasons). x15. B, Enlargement of the encircled area in A. Note 
the bone graft (G) with empty osteocyte lacunae and the new bone with viable osteocytes (NB). x100. C, Fluorescence 
microscopy of the proximal bone-prosthesis interface taken with a confocal microscope. The HA layer itself is hardly visible. 
x50. R, HE-stained section showing consolidation of the graft to the necrotic cortical host bone (NCB). Note the remnants of 
graft (@ and new bone (NB). E, Sawed section showing bonding of the bone to the layer HA. x140. F, Section through the 
proximal part of cortical bone, showing interface formation. x15. G, HE-stained section of the midshaft after 6wk with newly 
formed woven bone (W), loose connective tissue (LCT) and the graft (G). H, Enlargement of the encircled area in G showing 
osteoclastic graft lysis. x180. J, Contact site of the tip of the prosthesis with the cortical bone. New bone (NB) had formed 
between the prosthesis and the host cortical bone (CB). x25. K, Same location but with fluorescence microscopy. Note the 
intense labelling of the new bone with calcein green between the cortical bone (CB) and the HA coating (HA) of the prosthesis 
(P). x30. 
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(Figure 8F). Microscopy showed that a bridge of new 
bone had formed between the tip of the prosthesis and 
the cortical bone, especially if the prosthesis had been 
placed with some degree of valgus (Figure 9J, K). 

DISCUSSION 

The animal model selected for this experiment is 
thought to be quite pertinent to the human situation, 
although it is not a true revision model. The femoral 
canal of the goat is wide enough to perform the grafting 
technique; the hard and smooth endosteal surface has 
very little trabecular bone and is similar to the sclerotic 
endost usually encountered in revision surgery of failed 
hip prostheses. The goat is fairly adaptable and shows 
normal loading patterns soon after hip surgery, in 
contrast to dogs. The stem shape is similar to that of 
human prostheses. Because of the superior bone 
inductive capacities31-34, a HA coating was applied 
which had the same properties as the one used for 
human prosthesis. HA leads to the enhanced fixation 
of load-bearing implants35. Recent studies of loaded 
and initially unstable implants have confirmed the 
effect of HA coatings, even in the presence of a 
motion-induced fibrous membrane around the 
implant36. HA has a superior gap healing influence to 
a distance of ~mm, but the influence of HA on the 
incorporation of unloaded trabecular allografts is not 
clear37. No comparable data are available in the 
literature on a loaded model. 

The loads applied in the biomechanical testing 
procedure were realistic at 129% of body weight, and 
were even high relative to the loads of 110% of body 
weight measured in viva in sheepZ4. Based on the 
same measurementsz4, the load direction produced 
axial, torsional and bending components which are all 
essential to assess the stability of the stem38-40. The 
RSA technique provided accurate 3D motions of the 
stem relative to the bone and proved to be easy to use. 

Although immunotyping of the goats was considered, 
it was not applied owing to difficulties expected in the 
interpretation of results with such a relatively small 
series of animals41r42. To prevent bias due to 
immunoresponse, however, the donor goats were 
obtained from other breeders than the receptor goats, 
so close consanguineous relationships were 
excluded43. 

Our failure rate was relatively high. Only four of the 
eight specimens could be used for biomechanical 
testing and another specimen intended for histological 
analysis showed loosening due to infection. During 
impaction of the grafts a fracture appeared peropera- 
tively in one femur, because the femur of the goat is 
very hard and brittle. However, after initial subsidence 
the prosthesis gained secondary stability. No more 
fractures were observed in the clinical roentgenstudy, 
although the microradiograms taken in the histological 
study frequently showed repaired microfractures of 
cortical bone. It is possible that these intraoperatively 
induced microfractures were responsible for one 
fracture and the two loosenings. The other fracture 
was caused by trauma. 

Subsidence upon maximal loading was very 

consistent in the 12-wk specimens at 15-35pm, of 
which 40-60% was permanent after the first loading 
cycle. The 6-wk results indicated a trend towards 
better stability with increasing time. After five 
additional loading cycles, the 12-wk specimens 
showed additional permanent subsidence of 9brn. 
Although these values were small relative to the 
precision of the RSA method, they were very 
consistent and demonstrated that the prostheses were 
stable after 12 wk when heavily loaded. The rotations 
showed less consistent values, but the trends pointed 
in the same direction. These elastic and permanent 
relative displacements were very small compared with 
the direct postoperative situation in which elastic 
subsidence of up to 2955 pm and axial rotations of up 
to 6.8” were measured upon maximal loading; in one 
case 2722ym of subsidence did not recover44. In a 
comparable previous study the stability of cemented 
stems and morsellized allografts was estimated45. After 
12wk the cemented stems showed subsidence up to 
160 pm, of which 78 pm was permanent after the first 
loading cycle. Thus, these noncemented stems proved 
to be very stable if a secondary stability could be 
achieved. We did not find any data in the literature on 
the stability of noncemented stems fixed within bone 
grafts. However, to facilitate bone ingrowth in porous 
coated prostheses, the maximal relative motion 
allowed between the prosthesis and the bone is za- 
40 pm3*v46. The estimated micromotions were within 
the scope of those suggested in the literature to permit 
bone ingrowth, which was confirmed by histology. We 
found that the graft had become revascularized and 
incorporated into a new bony structure, which could 
be followed by fluochrome labelling. The most 
incorporation was seen in the proximal lateral area 
where there was sufficient direct bone-HA contact to 
transfer stress from the prosthesis to the bone. Graft 
lysis was seen at midshaft and distal levels. Although 
the repair of the endosteal microcirculation was not 
complete on the endosteal surfaces at the midshaft and 
distal levels, even at 12 wk, it cannot explain this lysis. 
Regarding the histological ingrowth pattern, this 
prosthesis will probably generate bone and interface 
stresses like those estimated for a partly proximally 
coated stem in a FEM47. The stress pattern (with 
reduction especially at a distal level) could be the 
explanation for the level-dependent differences in graft 
incorporation, suggesting that graft incorporation is 
partly dependent on load. Proximal bridges of 
trabecular bone to the corners of the prosthesis were 
also found in a retrieval study48. There was good 
contact between the incorporated graft and the HA 
coating, especially in the proximal region. However, in 
one case there was fibrous tissue contact between the 
prosthesis and the bone. Based on retrieval 
experiments, it was stated that limited bone ingrowth 
with extensive fibrous tissue seems to be an effective 
means of stabilizing primary porous-coated femoral 
stems4’. 

In contrast to structural bone grafts15, the use of this 
revision technique of impacted morsellized trabecular 
intramedullary allografis in combination with cement 
is becoming quite popular, both acetabularly and 
femora1203 50. Morsellized trabecular bone grafts are 
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frequently used to fill gaps around noncemented stems. 
The use of intramedullary femoral bone grafts with 
cementless devices has been described, although never 
in an impacted form and loaded by a stem’4’51’ 52. 

10 

11 

CONCLUSIONS 
12 

To cope with the severe femoral bone stock loss 
encountered in revision surgery, we used impacted 
trabecular bone grafts in combination with a hydroxya- 
patite-coated titanium stem. In this first experimental 
animal study, the results indicate that this technique 
has a high complication rate. However, it has been 
shown that impacted grafts can sustain the loaded 
stems and that incorporation of the graft occurs with a 
biomechanically stable implant. The technique allows 
gradual graft incorporation and stability, but more 
investigations are needed before its introduction into 
clinical practice. 

13 

14 

15 

16 

17 

ACKNOWLEDGEMENTS 

This study was partially supported by Orthopaedic 
Technology BV, The Netherlands, and Stryker Europe, 
The Netherlands. The prostheses were provided by 
Stryker. We would like to thank Ton Peters, Fred 
Philipssen, Theo Arts, Erkan Kurt, Erik Jansen, Willem 
van de Wijdeven and Huub Peters for their support 
during the experiments; Albert Lemmens for providing 
radiological techniques; Mark Slagter for performing 
the loading experiments and Miss Diny Versleijen for 
her very skilful histological preparations. 

la 

19 

20 

21 

REFERENCES 22 

Ahnfelt L, Herberts P, Malchau H, Anderson GBJ. 
Prognosis of total hip replacements. Acta Orthop 
stand 1990; 51 [s~ppl.): 238. 
Callaghan JJ, Dysart S, Savory CG. The uncemented 
porous-coated anatomic total hip prosthesis. J Bone 
Joint Surg 1988;70A:337-346. 
Gustilo RB, Bechthold JE, Gaicchetto J, Kyle RF. 
Rationale, experience and results of long-stem femoral 
prosthesis. Clin Orthop 1989; 249: 159-168. 
Maloney W, Jasty M, Harris WH, Galante JO, Callaghan 
JJ. Endosteal erosion in association with stable 
uncemented femoral components. J Bone Joint Surg 
1990; 72A:1025-1034. 
Amstutz HC, Ma SM, Jinnah RH, Mai L. Revision of 
aseptic loose total hip arthroplasties. Clin Orthop 1982; 
170:21-33. 
Callaghan J, Salvati AE, Pellici PM, Wilson PhD, 
Ranawat CS. Results of revisions for mechanical failure 
after cemented total hip replacement. J Bone Joint Surg 
i985;67A3 1074-1085. 
Rubash HE, Harris HE. Revision of nonseptic loose, 
cemented femoral components using modern cement- 
ing techniques. JArthroplasty 1988; 3: 241-248. 
Turner RH, Mattingly DA, Scheller A. Femoral revision 
total hip arthroplasty using a long stem femoral 
component. JArthroplasty 1987; 2: 247-258. 
Allen DG, Lavoie GJ, McDonald S, Oakeshott R, Gross 
AE. Proximal femoral allografts in revision hip arthro- 
plasty. JBone Joint Surg 1991; 73B: 235-240. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Borja FJ, Mnaymneh W. Bone allografts in salvage of 
difficult hip arthroplasties. Clin Orthop 1985; 197: 
123-130. 

Head WC, Berklachic FM, Malinnin TI, Emerson RH. 
Freeze-dried proximal femur allografts in revision total 
hip arthroplasty. Chin Orthop 1987; 225: 22-36. 
McCann W, Mankin HJ, Harris WH. Massive allograft- 
ing for severe failied total hip replacement. I Bone Joint 
Surg 1986; 68i-k 4-12. 
Oakenshott RD, Morgan DAF, Zukor DJ, Rudan JF, 
Brooks PJ, Gross AE. Revision total hip arthroplasty 
with osseous allograft reconstruction. Clin Orthop 
1987; 225: 37-61. 

Wagner H. Revisionsprothese fuer das hueftgelenk bein 
schwerem knochenverlust. Orthopaede 1987; 16: 295- 
300. 

Mulroy RD, Harris WH. Failure of acetabular autoge- 
neous grafts in total hip arthroplasty. J Bone Joint Surg 
1990; 72A: 1536-1540. 
Hungerford DS, Jones LC. The rationale for cementless 
revision of cemented arthroplasty failures. Clin Orthop 
1988; 235: 12-24. 
Gustilo RB, Pasternak HS. Revision total hip arthro- 
plasty with titanium ingrowth prosthesis and bone 
grafting for failed cemented femoral component loosen- 
ing. Chin Orthop 1988; 235: 111-119. 
Harris WH, Krushell RJ, Galante JO. Results of cement- 
less revisions of total hip arthroplasties using the 
Harris-Galante prosthesis. Chin Orthop 1988; 235: 120- 

126. 
Hedley AK, Gruen TA, Ruoff DP. Revision of failured 
total hip arthroplasties with uncemented porous-coated 
anatomic components. Clin Orthop 1988; 235: 75-90. 

Slooff TJ, Huiskes R, Horn J van, Lemmens AJ. Bone 
grafting in total hip replacement for acetabular protru- 
sion. Acta Orthop Stand 1984; 55: 593-596. 
Selvik G. A roentgen-stereophotogrammatic method for 
the study of the kinematics of the skeletal system. 
Thesis, University of Lund, Lund, Sweden, 1974. 
Groot K de, Geesink R, Klein CPAT, Serakian P. Plasma 
sprayed coatings of hydroxylapatite. J Biomech Mater 
Res 1987; 21: 1375-1381. 
Ypma JFAM. Strength and ingrowth aspects of porous 
acrylic bone cement. Thesis, University of Nijmegen, 
The Netherlands, 1981. 
Bergmann G, Siraky J, Rohhnann A. A comparison of 
hip joint forces in sheep, dog and man. J Biomech 

1984; 17: 907-921. 
Frost HM. Tetracycline-based histological analysis of 
bone remodeling. Cult Tissue Bes 1969; 3: 211-237. 
Rahn BA, Perren SM. Xylenolorange, a fluochrome 
useful in polychromal sequential labelling of calcifying 
tissue. Stain Tech& 1971; 46: 125-129. 
Rahn BA, Perren SM. Alizarinkomplexon, Fluochrom 
zur Markierung von Knochen und Dentinanbau. Experi- 
entio 1972; 28: 180. 

Rhinelander FW, Baragry RA. Microangiography in 
bone healing. Undisplaced closed fractures. J Bone 
Joint Surg 1962; 44A: 1273-1298. 
Lubbe HBM, Klein CPAT van der, Groot K de. A simple 
method for preparing thin (10 micrometer) histological 
sections of undecalcified plastic embedded bone with 
implants. Stain Technol 1988; 63: 171-176. 
Buma P, Versleyen H, Slooff TJJH. A procedure for the 
visualization of bone with hydroxyl-apatite coated 
implants. Clin Mater 1994; 15: 93-99. 
Cook SD, Thomas KA, Kay JF, Jarcho M. Hydroxyapa- 
tite-coated titanium for orthopedic implant applica- 
tions. Clin Orthop 1988; 232: 225-243. 
Geesink RGT, Groot K de, Klein CPAT. Chemical 

Biomaterials 1996. Vol. 17 No. 12 



1186 Hydroxyapatite-coated titanium femoral stem: B.W. Schreurs et al. 

33 

implant fixation using hydroxyl-apatite coatings. Clin 
Orthop 1987;225:147-170. 
Oonishi H, Yamamoto M, Ishimaru H, Tsuji E, 
Kushitani S, Aono M, Ukon Y. The effect of 
hydroxyapatite coating on bone ingrowth into porous 
titanium alloy implants. I Bone Joint Surg 1989; 7lB: 
213-216. 

34 

35 

36 

Stephenson PK, Freeman MAR, Revel1 PA, Germain J, 
Tulu M, Pirie CJ. The effect of hydroxyapatite coating 
on ingrowth of bone into cavities in an implant. ] 
Arthroplasty 1991; 6: 51-58. 
Thomas KA, Cook SD, Haddad RJ, Kay JF, Jarcho M. 
Biologic response to hydroxylapatite-coated titanium 
hips. JArthroplosty 1989; 4: 43-53. 
Snballe K, Brockstedt-Rasmussen H, Hansen ES, 
Buenger C. Hydroxyapatite coating modifies implant 
membrane formation. Acta Orthop Stand 1992; 63: 
128-140. 

37 

38 

SBballe K, Hansen ES, Brockstedt-Rasmussen H et al. 
Gap healing enhanced by hydroxylapatite coating in 
dogs. Chin Orthop 1991; 272: 300-307. 
Burke DW, O’Connor D, Zalenski EB, Jasty M, Harris 
WH. Micromotion of cemented and uncemented 
femoral components. J Bone Joint Surg 1991; 73B: 33- 
37. 

39 Mjoberg B, Hansen LI, Selvik G. Instability of total hip 
prosthesis at rotational stress. Acta Orthop Stand 
1984; 55:504-506. 

40 

41 

Schneider E, Eulenberger J, Steiner W, Wyder D, 
Friedman RJ, Perren SM. Experimental method for the 
in vitro testing on the initial stability of cementless hip 
prosthesis. J Biomech 1989; 22: 735-744. 
Nesse LL, Larsen HJ. Lymphocyte antigens in 
Norwegian goats; serological and genetic studies. Anim 
Genetl987; l&261-268. 

42 Van Dam R, Werkhoven CB van, Donk JA van der, 

43 

44 

45 

46 

47 

4% 

49 

50 

51 

52 

Goudswaard J. Histocompatibility in ruminants. The 
production and evaluation in allo-antibodies for CLA- 
typing in goats. J Immunogenet 1976; 3: 237-244. 
Bos G, Goldberg VM, Powell AE et al. The effect of 
histocompatibility matching on canine frozen bone 
allografts. J Bone Joint Surg 1983; 65A: 89-96. 
Schreurs BW, Huiskes R, Slooff TJJH. The initial 
stability of cemented and noncemented stems, fixated 
with a bone grafting technique. Clin Mater 1994; 16: 
105-110. 
Schreurs BW, Buma P, Huiskes R, Slagter JLM, Slooff 
TJJH. Morsellized allografts for fixation of the hip 
prosthesis femoral component. Acta Orthop Stand 
1994; 65: 267-275. 
Pilliar RM, Lee JM, Maniatopoulos C. Observations on 
the effect of movement on bone ingrowth into porous- 
surfaced implants. Clin Orthop 1986; 208: 108-113. 
Huiskes R. The various stress patterns of press-fit, 
ingrown, and cemented femoral stems. Clin Orthop 
1990; 261: 27-38. 
Bauer TW, Geesink RCT, Zimmerman R, McMahon JT. 
Hydroxyapatite-coated femoral stems. J Bone Joint Surg 
1991; 73A: 1439-1452. 
Cook SD, Barrack RL, Thomas KA, Haddad RJ. Tissue 
growth into porous primary and revision femoral 
stems. J Arthroplasty 1991; 6 (Suppl.): S37. 
Gie GA, Linder L, Ling RSM, Simon JP, Slooff TJJH, 
Timperley AJ. Impacted cancellous allografts and 
cement for revision total hip arthroplasty. J Bone Joint 
Surg 1993; 75B: 14-21. 

Nelson IW, Bulstrode CJK, Mowat AG. Femoral 
allografts in revision of hip replacement. J Bone Joint 
Surg 1991;72&151-152. 
Tyer HDD, Huchstep RL, Stalley PD. Intraluminal 
autograft restoration of the upper femur in failed total 
hip arthroplasty. Ckn Orthop 1987; 224: 26-32. 

Biomaterials 1996, Vol. 17 No. 12 


