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Abstract
Purpose The objective of this retrospective cohort study
was to assess the long-term outcome of cementless femoral
reconstruction in patients with previous intertrochanteric
osteotomy (ITO).
Methods We evaluated the clinical and radiographic results
of a consecutive series of 45 patients (48 hips, mean age
50 years) who had undergone conversion hip replacement
following ITO with a cementless, grit-blasted, double-
tapered femoral component. Clinical outcome was deter-
mined using the Harris hip score. Stem survival for
different end points was assessed using Kaplan-Meier
survivorship analysis.
Results At a mean follow-up of 20 (range, 16–24) years, 11
patients (12 hips) had died, and no patient was lost to follow-
up. Six patients (six hips) underwent femoral revision, two for
infection, three for aseptic loosening and one for peripros-
thetic fracture. Mean Harris hip score at final follow-up was

78 points (range, 23–100 points). Stem survival for all
revisions was 89% (95%CI, 75–95) at 20 years, and survival
for aseptic loosening was 93% (95%CI, 80–98).
Conclusions The long-term results with this type of
cementless femoral component in patients with previous
intertrochanteric osteotomy are encouraging and compare
well to those achieved in patients with normal femoral
anatomy.

Introduction

Intertrochanteric femoral osteotomy (ITO) is a well-accepted
joint preserving treatment for selected patients with various
conditions of the hip, such as early symptomatic osteoarthritis,
developmental dysplasia (DDH) or avascular necrosis of the
femoral head (AVN) [1]. However, high failure rates for this
procedure have been reported in the mid- and long-term,
necessitating subsequent total hip arthroplasty (THA) in over
50% of patients in the second decade [2–4]. Conversion total
hip arthroplasty (THA) in this subgroup of patients can be
difficult, and inconsistent results have been reported with
regard to complication rates, clinical outcomes and implant
survival [5–7].

In primary THA, straight, cementless titanium stems
have recently demonstrated good and excellent survival
rates in the long-term [8–10], even for young patients [11–
13]. In contrast to these findings, data on long-term stem
performance (over ten years) in patients with secondary,
end-stage osteoarthritis (OA) after proximal femoral osteot-
omy is very limited. There are few long-term studies for
cemented [14–17] and particularly, for cementless [18]
femoral components.

We have previously reported the clinical and radio-
graphic outcomes of a consecutive series of 48 hips
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who had undergone conversion THA following inter-
trochanteric osteotomy using a straight, double tapered,
grit-blasted titanium stem with a mean follow-up of 11
and 16 years [19, 20]. The purpose of this study was to
determine survival rates and clinical and radiographic
outcomes of cementless femoral reconstruction in this
cohort at 20 years.

Methods

Patients

In a retrospective cohort study, we reviewed a consecutive
series of 48 hips (45 patients) who underwent conversion
THA following ITO with a cementless, straight, collarless
titanium stem (CLS Spotorno, Zimmer, Warsaw, IN, USA;
formerly Sulzer Orthopaedics, Switzerland, Fig. 1) between
January 1985 and December 1989. An intertrochanteric
osteotomy had been performed at a mean of 12 years
(range, two to 33 years) before conversion to THA. Mean
patient age at time of conversion was 50 years (range, 26–
67 years). Patient demographics and diagnoses leading to
ITO are given in Table 1.

The femoral component used was wedge-shaped and
tapered in all three planes with proximal, anterior and
posterior ribs/flutes. The implant is made of Ti6Al7Nb
alloy with a microporous surface treatment (Ra=4.4 μm)
and secondary osteointegration is achieved by osseous
ongrowth onto the grit-blasted implant surface. In all

patients, the femoral component with a neck-shaft angle
of 145° was implanted using the press-fit technique as
described by Spotorno et al. [21].

The femoral component was combined with three
acetabular implants. In 45 cases (94%), smooth cementless
threaded rings with polyethylene liners were used: forty
hips (83%) received threaded spherical cementless Mecron
rings (Mecron medizinische Produkte GmbH, Germany),
and five hips (11%) threaded conical cementless Weill rings
(Sulzer Orthopaedics, Switzerland). In three cases (6%),
a cemented polyethylene cup (Aesculap, Tuttlingen,
Germany) was implanted. All patients received 32-mm
Biolox ceramic heads (Ceramtec, Plochingen, Germany).

The implantations were performed by three different
senior surgeons in a university hospital setting. Either a
modified Watson-Jones or a lateral transgluteal Bauer
approach with the patient in a supine position was used.
The femoral canal was prepared using a canal finder and
a series of chipped tooth broaches of increasing size. No
attempt was made to achieve cortical fixation. Postoper-
ative partial weight bearing was encouraged for
six weeks, and thereafter weight bearing as tolerated.
No regular prophylaxis (irradiation or NSAIDs) for
prevention of heterotopic ossification was administered.
No standardised protocol for the removal of residual
hardware was advocated. Removal was performed
according to the surgeon’s preference, either in a separate
procedure before conversion THA or during conversion
THA.

All patients gave informed consent prior to inclusion in
the study and procedures followed were approved by the
institutional review board. The study was conducted in
accordance with the Helsinki Declaration of 1975, as
revised in 2000.

Fig. 1 CLS stem (Zimmer Inc.,
Warsaw, IN, USA)

Table 1 Study cohort: patient demographics at conversion THA and
diagnoses leading to intertrochanteric osteotomy

Demographics Value, n (% or range)

Age 50 (range, 26–67)

BMI 27 (range, 24–30)

Female 36 (75%)

Male 12 (25%)

Left 22 (46%)

Right 26 (54%)

Diagnoses

DDH 34 (69%)

AVN 7 (15%)

Post-traumatic 2 (5%)

Other 5 (11%)

DDH developmental dysplasia, AVN avascular necrosis of the femoral
head
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Clinical and radiographic follow-up

Clinical outcome at final follow-up was determined using
the Harris hip score (HHS) [22], and patient activity was
assessed according to Devane et al. [23].

At final follow-up, low-centered pelvic radiographs and
lateral radiographs of the hip were taken and independently
examined by two blinded orthopaedic surgeons to deter-
mine stem positioning, subsidence, radiolucent lines,
cortical hypertrophy, osteolysis, stress-shielding and femo-
ral loosening. Radiolucent lines and areas of osteolysis
were described according to the zones established by Gruen
et al. [24]. Bone hypertrophy was defined as thickening of
the periprosthetic diaphyseal bone of more than 2 mm on
the most recent anteroposterior radiographs with reference
to the initial postoperative radiograph. Osteolysis was
defined as areas of localised bone resorption or endosteal
erosion. Stress-shielding was determined according to the
criteria of Engh et al. [25]. We considered only second,
third, and fourth-degree stress-shielding with resorption of
cortical bone medially, anteriorly, or laterally to be stress-
shielding. The femoral stem was regarded as loose if a
radiolucent line of over 2 mm in width was present around
the entire implant or if a change in varus/valgus alignment
of greater than 2° occurred on serial radiographs.

Statistics

Kaplan-Meier survivorship analysis was performed to
estimate stem survival rates with 95% confidence intervals
for (1) stem revision for any reason (Fig. 2a) and (2) stem
revision for aseptic loosening as endpoints (Fig. 2b).
Patients were censored at death or at final follow-up,
whichever event occurred first. Statistical analyses were
carried out using SPSS Version 18.0 (SPSS, Chicago, IL,
USA) and SigmaPlot Version 12.0 (Systat Software, San
Jose, CA, USA).

Results

Clinical findings

Mean follow-up was 20 years (range, 16–24 years). During
the follow-up period, 11 patients (12 hips) died and six
stems were revised: three for aseptic loosening (two
revisions at three years, one revision at 13 years), two for
infection (one revision at two years and one revision at
24 years) and one for periprosthetic fracture (at eight years).
No patient was lost to follow-up.

Of the remaining 30 hips, clinical and radiographic
follow-up was obtained for 23 hips. One patient (one hip)
had clinical follow-up only, and six patients (six hips) were

contacted by phone (Fig. 3). In all remaining patients, the
stem had not been revised and no patient was awaiting
revision. Mean Harris hip score at final follow-up was 78
points (range, 23–100 points). Assessment of patient
activity at final follow-up according to Devane indicated
that the patient cohort was active, in general, with a mean
score of 2.75. Activity levels were grade 1 (zero patients),
grade 2 (seven patients, eight hips), grade 3 (13 patients, 14
hips), and grade 4 (two patients, two hips), respectively. One
patient reported mild thigh pain but radiographs at final
follow-up did not show any radiographic signs of loosening,
subsidence, osteolysis or change in stem position.

Complications

Two patients sustained an undisplaced femoral fracture
during canal preparation which was stabilised with cerc-

Fig. 2 a Kaplan-Meier plot: stem survival for all revisions as
endpoint. The upper and lower curves represent the 95% confidence
intervals. Vertical lines show censored patients. b Kaplan-Meier plot:
stem survival for aseptic loosening as endpoint. The upper and lower
curves represent the 95% confidence intervals. Vertical lines show
censored patients
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lages and required no further treatment. One postoperative
dislocation occurred and was successfully treated by closed
reduction.

Radiographic findings

On radiographic evaluation at final follow-up, no radio-
graphic signs of progressive stress-shielding, stem subsi-
dence, cortical hypertrophy or change in varus/valgus
alignment of the stem were observed (Fig. 4). The position
of the femoral component was neutral in 20 patients; two
stems had a varus position and one stem had a valgus
position. Radiolucent lines were detected in eight hips and
were limited to Gruen zones 1 (n=4) and 7 (n=4).
Incomplete pedestal formation occurred in one case.
Osteolysis (<1 cm2) was present in zone 7 in one case.

Cup revisions

Of the patients available for follow-up, 18 cups (60%) had
been revised and one hip was awaiting cup revision.

Stem survival

Kaplan-Meier survivorship analysis revealed a stem sur-
vival rate of 89% (95%CI, 75–95) at 20 years for all
revisions as endpoint (Fig. 2a). Survival for aseptic
loosening was 93% (95%CI, 80–98) at 20 years (Fig. 2b).

Discussion

Apart from pain relief and restoration of joint function, the
major goal of intertrochanteric osteotomy is to delay or
even avert the progression of secondary osteoarthritis by a
realignment of cartilage surfaces and a redistribution of
joint forces. Moreover, the preservation of proximal
femoral bone stock and the absence of THA related
complications such as infection, dislocation or wear are
further advantages so that the procedure is considered a
valuable option for young patients [1]. However, the results

of ITO are often impaired by progression of OA and the
subsequent need for conversion THA is seen in a
substantial percentage of patients in the mid- and long-
term [2–4]. Femoral reconstruction in patients with previ-
ous osteotomy presents a major technical challenge as a
result of distorted anatomy with malalignment, residual
deformity, sclerosis, cortical holes or residual hardware
[26]. Higher intra- and postoperative complication rates
have been reported in this group of patients [6, 26–28].
There is still dispute whether proximal femoral osteotomy
adversely affects the results of subsequent THA so that the
potential benefits of joint preserving osteotomies must be
weighed against the long-term outcome of conversion
THA.

Our study investigated the clinical performance of a
cementless tapered femoral component following ITO. The
implant has been frequently used in Europe since 1983. We
observed a low postoperative complication rate and a good
long-term stem survival after 20 years. Radiolucent lines
remained limited to Gruen zones 1 and 7. Radiographically,
no case of severe stress-shielding or cortical hypertrophy
was detected which indicates that the tapered design in
combination with the rough surface of the component allow
good primary stability, durable osteointegration and meta-
diaphyseal load transfer, even in the presence of proximal
femoral deformity and sclerosis. Interestingly, only one
case showed radiographic evidence of osteolysis (<1 cm2)
after 20 years.

Despite a high rate of cup revisions (60%) seen in the
cohort, stem survival was not adversely affected. The
unacceptably high failure rates of the threaded cups
implanted in this cohort have been reported previously
[29, 30] and can be explained by the smooth surface
treatment of these components which impedes osteointe-
gration. These implants are no longer in clinical use. Thus,
the comparably low Harris hip score has to be interpreted
with caution, as it is not only dependent on stem
performance but also on the situation after intertrochanteric
osteotomy and the high rate of acetabular revision.

Although osteolysis and consequently acetabular revi-
sion are potentially associated with a higher risk for stem

Fig. 3 Distribution of hips at a
mean follow-up of 20 years
(range, 16–24 years)
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revision, the exchange of the initial polyethylene bearing
surface in a substantial percentage of patients of this cohort
might have prevented excessive production of polyethylene
wear particles and subsequent osteolysis.

We acknowledge the following limitations of the study.
First, the cohort of 48 hips is small, limiting the number of
patients available for clinical and radiographic follow-up.
Second, the study design was retrospective and we cannot
report pre-operative clinical parameters. However, we were
able to obtain a complete follow-up of this cohort for a
minimum of 16 years.

To date, we are not aware of any reports on long-term
results of cementless THA after this condition of more than
15 years, despite the fact that cementless stem designs are
favoured by many surgeons and are commonly offered to
young patients.

Recent studies have evaluated the results of cementless
femoral reconstruction after proximal femoral osteotomy in
the short and mid-term. Lee et al. [28] and Kawasaki et al.
[31] evaluated the outcome of conversion THA following
transtrochanteric osteotomy for avascular necrosis of the
femoral head, and reported longer operating times and
higher intraoperative blood loss compared to primary THA.
However, both authors independently concluded that no
difference between primary and conversion THA was seen
with respect to stem performance. Suzuki et al. [32]
reported a stem survival of 100% at a mean follow-up of
seven years for cementless components implanted in a
cohort of patients with previous valgus osteotomy for
advanced OA.

Our study confirms these promising results for cement-
less femoral reconstruction after proximal femoral osteot-
omy for the long-term. Our findings compare favourably to
the reported long-term outcomes of cemented conversion
THA [17]. This might be attributed to the fact that failures
of cemented stems are mainly due to an inadequate cement

mantle caused by distorted femoral anatomy [14]. More-
over, residual cortical holes may compromise cement
pressurisation during implantation. We believe that fixation
of a cementless tapered stem is less demanding and may be
more predictable, especially under unusual anatomical
conditions.

In conclusion, previous intertochanteric osteotomy did
not impair the outcome of cementless femoral reconstruc-
tion in this study. The reliable and durable long-term results
with this type of cementless femoral component in patients
with previous intertrochanteric osteotomy are encouraging
and compare well to those achieved in patients with normal
femoral anatomy.

Conflict of interest Financial support was received by the non-
profit foundation Deutsche Arthrose Hilfe e.V.. The authors declare
that they have no potential conflict of interest.
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