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Good results with an uncemented proximally HA-
coated stem in hip revision surgery

62 hips followed for 2-13 years
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Background and purpose Proximal bone loss due to
stress-shielding is a matter of concern after uncemented
femoral hip revision. We have used short, proximally
hydroxyapatite-coated prostheses in revision since 1989,
and we now report the results.

Methods 60 patients (62 hips) were revised because
of aseptic loosening. Bone defects prior to revision were
mostly of type II according to the Gustilo-Pasternak
and Endo-Klinik classifications. Follow-up time was 73
(24-161) months. 9 patients had died before follow-up;
8 of these still had the stem in place. Clinical assessment
was performed with the Harris hip score. Radiographs
were evaluated for bone defects at revision, postopera-
tive stem fixation, and periprosthetic bone remodeling.

Results  Mean Harris hip score was 75 (30-100)
points. There was no stem loosening or progressive
subsidence. 8 patients had mild to moderate thigh pain.
Osteolysis, present at revision, had diminished, partially
or completely, in four-fifths of the hips at follow-up. 4
hips had required re-revision due to fracture or disloca-
tion. The 6-year prosthesis survival rate was 95% (95%
CI: 0.83-0.98).

Interpretation Uncemented revision with a short,
proximally hydroxyapatite-coated prosthesis is a reli-
able procedure with encouraging results in the medium
term if bone defects at revision are moderate.

Cemented revision for prosthetic loosening after
cemented total hip arthroplasty (THA) has shown

an unacceptably high failure rate (Dohmae et al.
1988, Eisler et al. 2000, Haydon et al. 2004). This
method might be chosen in the elderly patient with
low demands regarding activity. In active patients
with a poor bone stock, hip revision with cement
and impacted morselized allograft bone has shown
good long-term results (Gie et al. 1993, Ornstein et
al. 2002, Ullmark et al. 2002, Halliday et al. 2003).
Uncemented hip revision after aseptic loosening
has been promising in the short to medium term
(Bohm and Bischel 2001, Moreland and Moreno
2001, Trikha et al. 2005) and also in the long term
(Wagner 1987, Paprosky et al. 1999, Raman et al.
2005, Reikeras and Gunderson 2006). Most stems
used in these studies are long-stemmed, exten-
sively coated, or distally anchored. A disadvan-
tage with these stems is the transfer of excessive
load distally, leading to diminished proximal bone
stock. Stress-shielding could lead to an increased
risk of periprosthetic fractures and even stem loos-
ening (Engh et al. 1987, Huiskes 1990). Several
studies of proximally coated uncemented stems in
hip revision have shown a high incidence of failure
due to aseptic loosening or fracture (Berry et al.
1995, Malkani et al. 1996, Mulliken et al. 1996).
The reason for this is insufficient fixation of the
implant in the proximal metaphysis due to poor
bone stock. However, Kelly et al. (2006) reported
good results with a proximally coated stem in hip
revision. We have used a similar stem and now
report our results.
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. Table 1. Demographic data for the patients
Patients and methods
Patients Age at follow-up, years 2 65 (35-84)
All patients who had been reoperated at the Ortho- ~ Male / female 37/23
. . . Weight, kg @ 81 (51-128)
pedic Department of Danderyd Hospital with the Height, om 2 174 (159-191)

proximally porous- and HA-coated tapered Bi-
Metric stem between 1989 and 2002 due to asep-
tic loosening were included in the study. We used
this prosthesis for revision in younger patients and
in elderly patients who had a good bone stock. 62
hips in 60 patients were reoperated (Table 1). The
index diagnoses were primary osteoarthritis (44
hips), fractures and related complications (9 hips),
inflammatory arthritis (5 hips), and developmen-
tal dysplasia (4 hips). The mean time between the
first hip arthroplasty and the revision was 7 (1-19)
years. 41 of the hips had been operated only once
in the same hip before revision. Mean follow-up
time was 6 (2—13) years. At follow-up, 9 of the 60
patients had died. 1 of these had been re-revised 3
months after the uncemented stem revision due to
a fracture adjacent to a peroperative fenestration.
The other 8 patients still had their stem in place.
No stem-related problems were found in these
patients. 1 patient had only attended the radio-
graphic part of the study.

Implant

The patients were reoperated with the Bi-Metric
femoral stem (Biomet Inc., Warsaw, IN, USA).
This is a collarless, tapered stem (3°) made of tita-
nium alloy, where the proximal 30% of the stem
has a porous-coated (100-200 pum) surface with
plasma-sprayed HA (thickness 40-70 pum, crys-
tallinity 50-70%, purity > 95%). The distal 70%
has a textured surface. The femoral component is
available in 13 proportional sizes and has a modu-
lar head of cobalt chrome. Only 1 offset option was
available.

Surgery

All operations were performed using a poste-
rior approach. 53 of the 62 revised stems were
cemented and 9 were uncemented; 1 of these was
a hemiarthroplasty. Bone grafting around the neck
of the stem was carried out simultaneously in 33
of the cases. In 24 of the operations, only the stem
was revised. At follow-up, 39 of the patients had
a cemented polyethylene cup and 21 patients an

BMI @ 27 (18-39)
Harris hip score at follow-up @ 75 (30—-100)
Charnley clinical classification (A/B/C) 17/11/26

2 mean (range)

uncemented cup. The patients were mobilized on
the day after the revision under the supervision of a
physiotherapist. Postoperative weight bearing was
individualized according to the preferences of the
surgeon.

Clinical evaluation

We evaluated the patients clinically with an inter-
view and physical examination performed by one
of the authors (MS) who had not been involved in
the operations. We categorized the patients accord-
ing to Charnley’s clinical classification (Charnley
1972). At follow-up, 26 patients were classified as
belonging to class C, i.e. they had disabilities other
than the hip that interfered with their functional
capacity (Table 1).

Clinical outcome was assessed with the Harris
hip score (HHS) and with questions concerning
mid-thigh pain. The mid-thigh pain was graded by
the patient as mild, moderate, or severe.

Radiographic evaluation

Standardized anterioposterior and lateral radio-
graphs after the index operation were compared
with radiographs taken before and immediately
after the revision, and with radiographs taken at
the time of survey. A coefficient—the ratio of the
actual diameter and the measured diameter of the
femoral head—was calculated for each radiograph
and was used to adjust all measurements for mag-
nification.

We analyzed the radiographs in order to address 3
particular issues. Firstly, we classified bone defects
prior to revision surgery. Secondly, we determined
the degree of fixation of the stem, and thirdly, the
amount of the periprosthetic bone remodeling. We
classified bone defects according to the classifica-
tions of Gustilo and Pasternak (1988) and Endo-
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Figure 1. Box plot of Harris hip score (53 hips) in the differ-
ent Charnley classes. (HHS; median, quartile and extreme
values).

Klinik (Engelbrecht and Siegel 1989). Stem fixa-
tion was assessed using the criteria of Engh’s fixa-
tion/stability score (FSS) for uncemented femoral
implants (Engh et al. 1990): absence/appearance
of endosteal bone bridges (spot welds), absence/
appearance of reactive lines in the coated region of
the stem, absence/appearance of reactive lines in the
uncoated region, pedestal formation, calcar model-
ing, and interface deterioration (widening radiolu-
cent lines). Migration of the femoral implant was
defined as a change in the vertical distance between
the easily identified inferior border of the coating
to the most medial point of the lesser trochanter or
as any change in alignment or rotation. The sub-
sidence was considered definite if the change was
more than 4 mm (Malchau et al. 1995).

We also assessed presence of focal osteolysis
(scalloping) with defined borders and distal corti-
cal hypertrophy, defined as new enlargement of the
external femoral diameter around the distal part of
the prosthesis, compared to the radiographs taken
immediately postoperatively. We recorded the
radiographic changes according to Gruen zones on
the anterioposterior radiographs. Heterotopic ossi-
fication was recorded using the grading system of
Brooker et al. (1973).

According to the Ethics Board of Karolinska
Institutet, no permission was required for this

Table 2. Femoral bone defects at revision (53 hips)

Type Gustilo and Pasternak Endo-Klinik
| 17 4

1] 35 38

1l 1 11

I\ 0

study (04-453/3). The investigation was approved
by the committee for protection against radiation at
Danderyd Hospital (2003-3).

Statistics

We used the Mann-Whitney U test for non-para-
metric variables (independent groups) to assess the
association between HHS and Charnley’s clinical
classification. The statistical analyses were per-
formed with the statistical package JMP 6.0 (SAS
Institute, Cary, NC). The results were considered
significant at p-values of < 0.05.

Results
Clinical results

Between the femoral revision operation and the
follow-up, 5 patients had undergone a cup revi-
sion. At follow-up, the mean HHS score was 75
(30-100) points. 23 of the patients had a good or
excellent result with an HHS of > 79 points, 18
patients had a poor outcome (HHS of < 70 points).
We noted a lower HHS for patients in Charnley’s
class C compared to patients in class A (p < 0.001)
and B (p < 0.005) (Figure 1). We found no differ-
ence in HHS between patients with different types
of bone defects at revision. 4 patients complained
of mild thigh pain and 4 other patients of moder-
ate pain. None of the patients suffered from severe
thigh pain. 28 patients used no support for walking
and 28 patients had no limp at all.

Radiographic results

Bone defects were mostly of type II in both clas-
sifications, and no type IV defect was observed
(Table 2). We saw no stem loosening. All stems
showed several signs of rigid fixation. In 30 hips,
endosteal bone bridges (spot welds) were noted
and there was a total absence of reactive lines in
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Figure 2. Remodeling changes around the stem. Arrows indicate heterotopic ossification (A), calcar round-off (B), and
regression of osteolysis (C).

37 hips (Table 3). In 44 hips, initial lucencies had
been obliterated—either partially or completely—
with new bone formation at follow-up (Figure 2). 5
stems had subsided by more than 4 mm at follow-
up; all showed other signs of stability. The maxi-
mum subsidence was 8§ mm. None of the stems
migrated into varus, valgus, or rotated. In 2 hips,
new formation of focal osteolysis was detected in
Gruen zone 1. Several additional signs of remodel-
ing were observed; these are listed in Table 3.

Complications

9/62 hips had dislocations; 7 of these had only 1
dislocation and 2 had recurrent dislocations. Of
the 2 latter patients, 1 was successfully treated
with exchange of liner and a larger size of head.
The other has cerebral paresis and has not been
reoperated. We had 4 peroperative fissures during
stem insertion. 3 were noted at operation and were
treated with partial weight bearing, and 2 of them
also with cerclage wires. The fourth patient, who
got a fissure in the lesser trochanter peroperatively,
suffered from pain and subluxations. The stem
subsided and he was re-revised using impacted

morselized bone allograft and a cemented stem.
4 fractures were seen postoperatively. 2 of these
were fissures without loosening of the stem. They
were treated nonoperatively. 1 patient sustained a
fracture, just after being operated, through a fen-
estration done at the revision operation. He was
re-revised using a longer stem. The fourth patient
fell on his hip 2 years after the revision and then
complained of pain and subluxation phenomenon.
During the revision that followed, we noted that
the stem had subsided and rotated in retroversion—
and had subsequently been osseointegrated again.
In all, 4 hips have been re-revised on the femoral
side. The 6-year prosthesis survival rate was 95%
(95% CI: 0.83-0.98).

2 patients had a postoperative wound infec-
tion and 1 patient got a deep infection in the hip.
1 patient developed a clinically apparent deep vein
thrombosis. 1 patient suffered from a sciatic nerve
injury with partial loss of skin sensibility but no loss
of motor function. No case of pulmonary embolus
or vascular complication was seen.
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Figure 3. Remodeling changes around the stem. Arrows indicate spot welds (A), pedestal formation (B), and distal cortical
hypertrophy (C).

Table 3. Bone remodeling at follow-up (53 hips)

No.
Stem stability parameters
Fixated stems 53
Subsidence (maximum 8 mm) 19
Change in varus-valgus alignment 0
Spot welds 30
Stress-shielding parameters
Calcar resorption 16
Calcar “round-off” 7
Distal cortical hypertrophy (1-4 mm) 14
Bone remodeling parameters
Osteolysis at revision 48
Regression of osteolysis
total 7
partial 37
Newly formed osteolysis 2
Unspecific parameters
Pedestal formation 36
Reactive lines 16
Heterotopic ossification
grade 1 13
grade 2 6
grade 3 5
grade 4 0

Discussion

The frequency of loosening after revision with
second-generation cementing technique is 15—
20% at 10 years of follow-up, and third-genera-
tion cementing technique has not improved these
results (Eisler et al. 2000). One cause of the high
incidence of mechanical failure after cemented
revision may be the lack of endosteal cancellous
bone in the femur. This leads to a decrease in shear
strength between the cement and the bone, due to
inferior cement-bone micro-interlock (Dohmae et
al. 1988, Berry 1998). If bone stock is poor, or if
endosteal cancellous bone is lacking, other surgical
methods are said to give better results. Impaction
bone grafting with morselized allograft bone and
cementation of the stem have been used in femo-
ral revision arthroplasty. This technique has obvi-
ous advantages in bone stock restitution. Several
authors have reported good or excellent results
(Ullmark et al. 2002, Halliday et al. 2003, Mahoney
et al. 2005). However, impaction bone grafting sur-
gery is technically demanding and time consum-



Acta Orthopaedica 2008; 79 (2): 184—193

189

ing. There are well-known complications associ-
ated with this technique, such as major subsidence
and per- and postoperative fractures (Eldridge et
al. 1997, Pekkarinen et al. 2000, van Biezen et al.
2000, Ornstein et al. 2002).

Another alternative in femoral revision is the use
of uncemented implants. The aim of using these
components is to achieve biological fixation, i.e.
ingrowth of endosteal bone by new bone formation
within the porous surface structure of the implant
(Turner et al. 1986, Engh et al. 1987, Engh and
Bobyn 1988, Rosenberg 1989). In a revision situa-
tion, proximal bone stock in the femur is often com-
promised. To achieve early postoperative stability,
most uncemented stems are designed to bypass the
proximally damaged zone and to achieve initial
stability from press-fit distally. Distally anchored
stems have shown good clinical results in the
short- to medium-term (Wagner 1987, Kolstad et
al. 1996, Isacson et al. 2000, Bohm and Bischel
2001). These long stems have the disadvantage
of inducing severe stress-shielding, thus causing
further bone loss proximally. Removal of such a
stem would be more technically demanding and
the outcome is likely to be worse thereafter. In an
attempt to achieve sufficient initial stability with
shorter stems, extensively porous-coated or HA-
coated, canal-filling cobalt-chrome or titanium
alloy stems have been used with good or excellent
results (Lawrence et al. 1994, Paprosky et al. 1999,
Moreland and Moreno 2001, Crawford et al. 2004,
Raman et al. 2005, Trikha et al. 2005, Reikerds and
Gunderson 2006). At least initially, the biological
fixation is probably most pronounced in the distal
part of the stem because the contact between the
stem surface and the host bone is more intimate
in this region, and the surrounding bone stock is
of better quality distally than in the compromised
proximal bone. Extensively coated stems get fix-
ated both proximally and distally.

Stress-shielding is still of some concern to vary-
ing degrees. Reikeras and Gunderson (2006) con-
cluded that they had no stress transfer in the distal
direction because they had a low amount of proxi-
mal bone loss and a low incidence of distal corti-
cal hypertrophy. In other studies with extensively
coated stems, there were signs of stress-shielding
(Paprosky etal. 1999, Moreland and Moreno 2001).
These divergent results may have been caused by

different stem designs. The stem used in the study
by Reikeras and Gunderson (2006) is of tapered
titanium alloy with a narrow tip. Cylindrical stems
probably cause more load transfer distally than
tapered stems do, and titanium alloy stems are
less stiff than cobalt-chrome stems—which might
contribute to the degree of stress-shielding. Theo-
retically, stress-shielding could increase the risk of
periprosthetic fractures, avulsions of muscle inser-
tions in the trochanteric region, and even the risk of
stem loosening. These theoretical problems have
not been seen clinically yet, but the follow-up time
may not be long enough.

In an attempt to reduce stress-shielding, stems
with only proximal coating have been used.
Depending on the length, shape, and surface of the
stem, they are more or less likely to get fixated dis-
tally also. According to this, it would be difficult
to strictly categorize these implants into a uniform
group. The aim, though, of using any of these com-
ponents is to enhance the proximal fixation in order
to prevent further bone loss proximally and to min-
imize the load transfer distally. Earlier studies with
stems aimed at proximal fixation have not shown
entirely promising results (Table 4).

Our report deals with the results of using a prox-
imally porous- and hydroxyapatite-coated unce-
mented tapered stem in femoral revisions because
of aseptic loosening. We have used this stem
in cases when it was judged that the bone stock
at revision could give initial rigid stability to the
implant. This seems to be a key factor in achiev-
ing good results in hip revisions using uncemented
stems.

We chose to use 2 classification systems to
determine bone defects prior to revision. The sys-
tems differ in their sensitivity in classification of
bone defects. The classification from Endo-Klinik
(Engelbrecht and Siegel 1989) is more sensitive to
small bone defects. If the initial stem has subsided,
it is referred to as a type II defect. That is not the
case in the Gustilo and Pasternak (1988) classifica-
tion, where there is also a large step between a type
II and a type III defect. To be considered as a type
II defect, there must be a large defect involving the
lesser trochanter and the posterior-medial wall of
the proximal femur. We had very few such exten-
sive bone defects in our series which contributed
to the excellent radiographic outcome. As a conse-
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Table 4. Studies on uncemented femoral revisions with proximally coated stems

First author Follow-up  No.of Type of stem
(years) hips

Survival rate

Comments

Berry (1995) 8 375 6 different types

Peters et al. (1995) 5(4-7) 49 Long, curved

Malkani (1996) 3(2-5) 69 Metaphyseal

filling, long, curved

Mulliken (1996) 5(4-6) 52 Metaphyseal

filling, long, curved

Suominen and 5 39 Long, curved
Santavirta (1996)

Emerson et al. (2003) 12 (9—15) 66  Metaphyseal

filling, long, curved

Kelly (2006) 5(4-7) 33 Straight, tapered

58% aseptic
survival rate

Insufficient fixation
proximally due to
inadequate bone stock

Endpoints Unacceptably high
-revision 96% incidence of

-rev. or subsidence 37% progressive subsidence
82% for entire group Intraoperative

58% in fracture group fractures in 46%

76% overall mechanical Intraoperative

fractures in 40%
Insufficient fixation if
moderate or severe
bone defects
Endpoints Unacceptably high
-revision 83% incidence of revision
-rev. or stem loosening 72% or radiographical
loosening

Used strut allografts if
insufficient bone stock
proximally

100% Good results if
sufficient bone stock

survival rate

94% overall and
97% aseptic survival rate

quence of the small bone defects, we were able to
achieve initial stability of almost all implants—and
100% well-fixated stems at follow-up. We could
not see any difference in clinical result associated
with the bone defects. This is probably due to the
fact that there was rigid fixation of all stems in our
study and—as compared to other materials—the
great proportion of patients were in Charnley’s
functional class C, thus contributing to a lower
HHS than would have been the case if it were only
the operated hip that interfered with their func-
tional capacity.

The clinical result, with a mean HHS of 75
points, is of the same order as in other studies of
uncemented femoral revision using stems aimed at
proximal fixation (Malkani et al. 1996, Mulliken et
al. 1996). These studies concluded that the over-
all results, clinically and radiographically, were
suboptimal. During the follow-up in our study, we
found that the patients were satisfied with their
reoperated hip but almost half of them had other
disabilities impairing their functional capacity, for
example inflammatory arthritis, knee osteoarthritis,
or spinal stenosis (Figure 1). We believe that this
is the reason for us not finding a higher HHS. 8
of 62 hips had mild-to-moderate thigh pain and

no patients suffered from severe thigh pain. This
compares favorably with other studies (Moreland
and Moreno 2001, Raman et al. 2005, Trikha et al.
2005). Radiographically, several patients showed
signs of load transfer distally, which suggests a
possible reason for their mid-thigh pain. The fact
that few of the patients suffered from pain was
probably due to the rigid fixation of the stem.
Although the pain parameter is referred to in many
studies concerning uncemented stems, we consider
that this parameter is difficult to evaluate because
of its low specificity.

Compared to other studies, we had a larger pro-
portion of stem subsidence (19/53 hips). Although
some of the stems had subsided when we compared
the radiographs taken immediately after revision
with the radiographs taken at follow-up, they all
had several radiographic signs of stable fixation. It
is possible that a proximally-coated, tapered stem
is more likely to subside initially in the smooth
femoral canal with lack of cancellous bone than a
cylindrical, extensively coated implant. We saw no
continuous subsidence or progressive radiolucent
lines in the coated region of the stems. The radiolu-
cent lines adjacent to the stems on the radiographs
taken immediately after revision had been filled out
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Figure 4. Remodeling changes around the stem. Arrows indicate proximal osteopenia (A), distal cortical hypertrophy (B),
and pedestal formation (C).

with new bone in four-fifths of the hips at follow-
up (Figure 2). Spot welds were seen in half of the
hips, and they were usually distributed in Gruen’s
zones 1 and 7, i.e. in the coated region of the stem
(Figure 3). In primary arthroplasty, using the same
prosthesis, the incidence of spot welds is higher
(Bodén et al. 2006). The reason for this may be that
the endocortex in the proximal femur is smooth
with less trabecular bone in a revision situation.
In addition to this, as a result of earlier surgery,
the femoral bone is altered—Ileading to unspecific
skeletal findings on the radiographs. These signs,
in combination with proximal osteopenia (Figure
4), sometimes made the evaluation regarding oste-
olysis and spot welds difficult.

This stem is designed to be osseointegrated
in the proximal part of the femur, thus aiming at
load transfer proximally and preventing from fur-
ther bone loss in this region. However, our radio-
graphic data revealed that this is not the case. The
stem becomes osseointegrated both proximally
and distally. We saw several signs of stress-shield-
ing— such as calcar resorption, proximal cortical
thinning, proximal osteopenia, and distal cortical

hypertrophy—of varying degrees (Figures 2-4).
The larger stems used in femoral revision are
stiffer than the stems used in primary arthroplasty,
and patients in need of femoral revision have
lower femoral bone density than patients in need
of a primary hip arthroplasty. Both of these fac-
tors will contribute to a more pronounced stress-
shielding after femoral revision than after a pri-
mary arthroplasty. It is important to mention that
both the sensitivity and the specificity of evaluating
bone loss radiographically are low. On plain radio-
graphs, bone loss is not detected until about one-
third of the bone is lost and the loss is not repro-
ducibly recognized until two-thirds of the bone is
resorbed (Engh et al. 2000); thus, it is sometimes
difficult to differentiate whether bone remodeling
seen in the femur is due to osteopenia or to oste-
olysis.

We had 2 cases with proximal focal osteolysis.
Several hips showed signs of proximal osteope-
nia. Even though the stem is designed to prevent
unloading of the proximal part of the femur, we
found no other explanation for the proximal osteo-
penia than that the stems also get a distal fixation
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in the diaphysis, contributing to partial unloading
of the proximal part of the femur.

During the revision operation, after insertion
of the uncemented stem, we often noted a non-
circumferential space between the proximal body
of the stem and the surrounding bone. We did not
always fill this space with impacted bone chips.
Despite the presence of this gap, we found no
distal osteolysis at follow-up. A possible explana-
tion for this is that the HA coating has sealed off
the interface between the bone and the implant,
thus preventing migration of debris into the peri-
implant space (Rahbek et al. 2005). HA was intro-
duced to enhance the osteoconductive properties
of uncemented hip implants (Geesink et al. 1987).
It has been found that supplementary HA also has
osteogenetic capacity (Furlong and Osborn 1991).
Within the gap between host bone and implant,
bone formation is induced not only from the side
of the host bone but also from the side of the HA-
coated implant, enabling bone to bridge over wider
gaps and to do so more rapidly than without the
use of HA.

Dislocation was the most common complication
in our series (9 of 62 hips). This is higher than in
other studies. We believe that this was caused by
our use of 22- to 29-mm head size (except in 3
cases in which the head diameter was 32 mm), and
that we only had 1 offset option available at that
time. We had 4 peroperative fractures during stem
insertion and also noted 4 postoperative fractures.
These figures are lower than what other groups
have reported (Malkani et al. 1996, Mulliken et al.
1996).

One strength of our study is that we were able
to re-examine all patients. The weaknesses are the
retrospective design and the fact that we did not
have recordings of HHS prior to revision.
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