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Fracture of fully hydroxyapatite-coated titanium femoral stem 
of a total hip replacement—a report of 3 cases
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Fracture of the femoral stem of a total hip replace-
ment has become an unusual but well recognised 
complication when using cement. Fracture of the 
femoral stem in an uncemented total hip replace-
ment is rare, however. We report 3 cases of fracture 
of the femoral stem (2 of which were done in our 
hospital and 1 that was referred from outside) with 
a hydroxyapatite-coated prosthesis where the metal 
was fully covered by the hydroxyapatite coating.

 The femoral prosthesis used was the JRI (Joint 
Replacement Instrumentation Ltd. or Furlong 
THR, London, UK), made of wrought titanium 
alloy with the surface completely covered with 
vacuum plasma sprayed hydroxyapatite coating. 
This coating is of 96% purity, has a thickness of 
150 microns and a bond strength of 60 Mpa. It 
is attached to a 50-micron thick porous titanium 
undercoating. The stem has 3 parts. The rectan-
gular proximal third with a small fin to counteract 
rotation is placed in the trochanter area. Further 
distally, there is a cone section to create mechani-
cal stability. The distal portion is cylindrical. The 
design allows the distal femur to be over-reamed 
by 2 mm. 

 
Case 1

A 66-year-old, 91 kg, 180 cm tall man underwent a 
left total hip replacement for osteoarthrosis. A JRI 
size 9 femoral stem was used. 8 years after surgery, 
he suddenly developed severe pain in his left thigh 
on getting out of the car and could not bear weight. 
Radiographs revealed a fracture of the femoral 
prosthesis, which was revised (using the same stem 
design) to femoral stem size 10. 

Case 2

A 58-year-old lady, 170 cm tall and weighing 95 
kg had a left JRI total hip replacement, with femo-
ral stem size 9, for osteoarthrosis. She remained 

asymptomatic but at review 3 years after surgery, a 
routine radiograph showed a fracture of the femo-
ral stem (Figure 1). Revision was done (using the 
same stem design) to stem size 11.

Case 3

A 51-year-old man weighing 85 kg and 175 cm tall 
had a right JRI total hip replacement, with femoral 
stem size 10, for osteoarthrosis. Some 8 years later 
he developed pain in his thigh while playing golf, 
causing him to fall to the ground. Radiographs 
showed stem fracture. At revision the same type 
of implant was used, the stem being revised to 
size 11.

All 3 patients had also had a JRI total hip 
replacement in their contralateral hip without prob-
lems. In all 3 cases, radiographs showed osteolysis 
proximally and the fracture just distal to the cone 
of the femoral stem. These stems were subjected to 
metallurgical analysis 

Surgical technique

All 3 components were retrieved using a hole in 
the intermedullary canal made distal to the tip of 
the femoral stem. In each case, the proximal com-
ponent was loose with osteolysis and had lost all 
evidence of the hydroxyapatite coating. The distal 
part of each prosthesis was bonded firmly to the 
bone. This, in turn, was the cause of difficult revi-
sion as it was first separated from the medullary 
canal by bone gouge and was then removed by 
punching the component proximally. There was no 
evidence of infection in any of the cases, based on 
cultures or clinical assessment.

Metallurgical analysis

Metallurgical analysis of one of the failed stems 
(Figure 2) was done using a Philips XL40 scan-
ning electron microscope equipped with an Oxford 
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Instruments ISIS 300 Energy Dispersive X-ray 
(EDX Atmospheric Thin Window (ATW) analyser 
detector system at Sheffield Hallam University 
Laboratory, Sheffield, UK. Scanning electron 
microscopy (SEM) imaging by Secondary Electron 
(SE) was used, as it provided good depth of field 
topographical images of the fracture surfaces. 

EDX analysis was carried out on features of 
interest such as foreign particles and coating mate-
rial. It was concluded that failure of the stem at the 
top of the distal tip was by a mechanism of fatigue. 
Most of the fracture surface exhibited low material 
deformation which is associated with fatigue. An 
initiation site was observed at the surface, which 
had associated cracking. The presence of fine sec-
ondary cracks and fine striation marks (Figures 2 
and 3) found on the fracture surfaces also supports 

the mechanism of fatigue. Particulate contamina-
tion was also found adjacent to the initiation site. 
The foreign particle was found to be rich in sili-
con, and was thought to be some form of oxide or 
possibly silicate material. The particle was not 
associated with the grit blasting process, as only 
aluminium particles are used. There were traces 
of titanium and iron at the same site without any 
evidence of hydroxyapatite.

Discussion

The reported incidence of femoral stem failure 
varies from 0.23% by Charnley (1975) to 0.67% by 
Carlsson et al. (1977), and to as high as 11% (Mar-
tens et al. 1974). Earlier, it was considered that the 

Figure 1. Fracture of femoral stem.

Figure 2. The failed stem as it 
was received, with the location 
of the fracture indicated by the 
arrow at the top of the distal tip. 
The hydroxyapatite (HA) coating 
was shown to be lost, which was 
thought to be due to an infection 
that generates environmental con-
ditions conducive to dissolution of 
the coating.

Figure 3. High-resolution SEM image of the fracture sur-
face taken at the central region, where both fine fatigue 
striations and a number of secondary cracks were evi-
dent.

Figure 4. SEM image close to the final failed region, still 
showing some evidence of fine fatigue striations. This 
region is generally associated with overload failure, as the 
stem can no longer support the stresses acting upon it.
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main problem was the alloys used to manufacture 
the femoral stems for cemented total hip replace-
ment. With better cementing techniques, altered 
femoral component design and alteration in the 
metallurgy of the femoral components, fracture of 
femoral components in cemented total hip replace-
ment has become much less frequent.

There have been much fewer case reports of 
uncemented femoral components fracturing, and 
these have involved porous coated uncemented 
total hip replacement (Gilbert et al. 1994). To 
our knowledge, fracture of the femoral stem in 
hydroxyapatite-coated total hip replacement has 
not been reported. 

Hydroxyapatite is osteoconductive i.e. it is 
capable of supporting ingrowths of osteoprogeni-
tor cells into the graft or an implant. This has been 
well documented in the retrievals (Furlong and 
Osborn 1991, Hardy et al. 1991) as well as in 
clinical results (Soballe et al. 1993, Geesink and 
Hoefnagels 1995, Onsten et al. 1996, McNally et 
al. 2000). De Groot et al. (1987) found that fatigue 
fracture occurred commonly in coatings thicker 
than 100 microns, and bioresorption was unaccept-
ably rapid with coating less than 30 microns. These 
authors found that the ideal coating thickness of 
hydroxyapatite to be 50 microns.

The femoral component of the JRI total hip 
replacement has a high success rate (Geesink and 
Hoefnagels 1995, McNally et al. 2000). In our 
series, 2 of 3 cases had their implants for 8 years 
before the stem failed, whilst 1 had only had the 
implant for 3 years. In all 3 cases, it appears that 
the distal part of the prosthesis had bonded to bone, 
though the proximal part had failed to bond. It is 
likely that micromovements occurred in the proxi-
mal part, eventually causing fracture of the metal-
lic component. The use of hydroxyapatite coating 
on femoral stems has increased in popularity in 
recent years. In many cases, only the proximal 
part of the femoral stem is hydroxyapatite-coated. 
This raises the question as to whether in the case of 
this prosthesis, fracture would not have occurred 
had only the proximal part of the prosthesis been 
hydroxyapatite-coated. According to the surgi-
cal technique, the distal part of the femoral stem 
of the femur should be over-reamed by 2 mm; 
however, it is not clear from the literature whether 
this is recommended to attempt to stop bonding 

of the hydroxyapatite distally without proximal 
incorporation. The only reported complication 
with hydroxyapatite is hydroxyapatite particulate 
debris and resultant third-body wear (Bloebaum 
and Dupont 1993, Bloebaum et al. 1994).

 Hydroxyapatite coating of a femoral component 
may become a significant problem if the proximal 
part of the femoral component fails to osteo-inte-
grate, causing excess loading on the distal part of 
the femoral component. This causes subsequent 
metal fatigue and fracture, leading to difficult 
surgical revision. We believe that further consid-
eration needs to be taken as to whether a femoral 
stem should be fully hydroxyapatite-coated or 
hydroxyapatite-coated only proximally. 
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