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 � This review article presents a comprehensive literature 
review regarding extended trochanteric osteotomy (ETO).

 � The history, rationale, biomechanical considerations as 
well as indications are discussed.

 � The outcomes and complications as reported in the litera-
ture are presented, discussed and compared with our own 
practice.

 � Based on the available evidence, we present our preferred 
technique for performing ETO, its fixation, as well as post-
operative rehabilitation.

 � The ETO aids implant removal and enhanced access. 
Reported union rate of ETO is high. The complications 
related to ETO are much less frequent than in cases when 
accidental intra-operative femoral fracture occurred that 
required fixation.

 � Based on the literature and our own experience we recom-
mend ETO as a useful adjunct in the arsenal of the revision 
hip specialist.
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Background
Total hip arthroplasty (THA) is one of the most successful 
surgical procedures and has been named the ‘operation 
of the century’.1 Despite the success story of THA, there 
are some patients who will encounter further surgery 
because of failure of the implant or the surrounding bone. 
It is anticipated that the demand for revision surgery will 

increase2–5 and a change in the pattern in indications and 
timing of revisions has been described.6 Revision surgery 
is considered a more technically challenging, labour inten-
sive and time-consuming procedure with overall poorer 
outcomes.7,8 Several techniques, reducing the surgical 
insult to the patient, have been described: retention of 
well-fixed components and modular head exchanges, 
liner exchanges or cementing liners in well-fixed shells, 
cement-in-cement revision techniques. However, some-
times the surgical team is left with no other choice than to 
remove well-fixed femoral implants or the complete 
cement mantle, or there may be a need to improve the 
exposure or a correction of femoral deformities. In such 
cases an extended trochanteric osteotomy (ETO) could 
facilitate the revision surgery.

The aim of this review article is to describe the history 
and rationale of the ETO, the indications for its use, the 
surgical technique, the post-operative treatment, the 
results and the complications.

History and rationale
Ollier described the lateral trans-trochanteric approach to 
the native hip in 1881. It was popularized by Sir John 
Charnley for use in low-friction arthroplasty in the 1960s.9,10 
However, Charnley described a 4.2% non-union rate in 
his case series of 379 THAs in 1972.11 Current literature 
reports the non-union rate following the trans-trochanteric 
approach, with an associated increase in dislocations, 
Trendelenburg gait and patient dissatisfaction, to be closer  
to 10% (9.0–18.5%).12,13 Charnley advocated the trans- 
trochanteric approach for use in both primary as well as 
revision surgery. For revision cases Head14 described an  
extensile gluteus medius/vastus lateralis slitting whilst 
Glassman15 described a trochanteric slide to mitigate the 
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risk of proximal migration. Cameron16 described his distal 
trochanteric osteotomy. A transfemoral approach, osteoto-
mizing half of the proximal femur was advocated by Wag-
ner to use with his revision stem.17 In 1995 Younger et al 
published series of Paprosky of the ETO and advocated its 
use in revision surgery.18

It is postulated that a longer osteotomy improves the 
area of bone contact and as such could improve the con-
ditions for healing of the osteotomy. A longer osteotomy 
also reduces the migration risk by keeping the soft tissues 
of the vastus lateralis and anterolateral muscles attached 
to the osteotomy fragment, thereby counteracting the 
pull of the hip abductors in the coronal plane. It further 
stabilizes the osteotomized trochanter by creating com-
pression forces which prevents proximal migration.19,20 A 
study using a three-dimensional biomechanical model of 
the hip has proven that in the flexed hip, the gluteus 
medius is primarily an internal rotator and secondarily a 
flexor and abductor.21 In vivo, the displacement force on 
the trochanteric fragment is a combination of abduction 
and anteriorly oriented forces22 and the vastus lateralis 
counteracts these proximally directed forces.

The indications and advantages for its use
The standard trochanteric osteotomy was advocated by 
Sir John Charnley for all routine cases. nowadays, the 
osteotomy is only advocated for selective use in complex 
cases. Osteotomies have been used in the cases of proxi-
mal femoral deformities or high congenital hip dislocation 
to improve visualisation and provide improved access to 
both acetabulum and femur. Extended trochanteric oste-
otomy may be a useful adjunct in exposure of complex 
primary hip replacement or conversion of arthrodesis to 
hip arthroplasty. Luo et al23 report excellent results of 
extended trochanteric osteotomy in high congenital hip 
dislocation. They performed an ETO of 8 cm to 12 cm to 
facilitate the exposure of the acetabulum and the femur, 
reporting a 100% union rate with good clinical results in 
their small cohort. The authors concluded that the oste-
otomy offers excellent exposure of the hip, reduces the 
need for aggressive retraction, facilitates reduction of the 
hip and lowers the risk of nerve damage to the sciatic or 
femoral nerve.

During revisions, a well-executed ETO can facilitate the 
surgical procedure:

Removal of well-fixed cemented and uncemented stems

If a well-fixed stem needs to be removed, it may pose a 
significant challenge for the surgeon to retrieve it safely 
without causing an accidental fracture of the proximal 
femur or significant loss of bone stock. Extended trochanteric 

osteotomy allows for a controlled removal of well-fixed 
cemented and uncemented implants.18

Removal of a well-fixed cement mantle in septic  
and aseptic cases

Removal of the cement may be the most challenging part 
of the revision surgery. By using an ETO, all cement and 
the cement restrictor can be removed under direct vision, 
ensuring full cortical contact is achieved when recon-
struction with an uncemented implant takes place. Lerch 
et al24 compared revision cases with ETO with cases with-
out ETO and occurrence of an iatrogenic accidental femo-
ral fracture. They reported a 14% complication rate, 
related to the fracture fixation and hardware in the non-
ETO group, whereas none were reported in the ETO 
group. Furthermore, clinical, radiological outcomes and 
revision rate were all superior in ETO group. Park et al25 
compared their series of revisions with and without ETO. 
Stem subsidence and cortical perforation rate were higher 
in the non-ETO group. It is important to remove old 
cement in cases where uncemented stem insertion is 
planned, as failure to do so may lead to stem under-sizing 
and subsequent subsidence, perforations and lack of 
integration. Removal of all cement is particularly impor-
tant in infectious cases, when thorough debridement of 
the femoral canal is necessary and all cement should be 
removed to mitigate the recurrence of infection. Extended 
trochanteric osteotomy will allow the surgeon to access 
the femoral canal more easily and to remove the distal 
cement mantle more accurately. It enables an easier, less 
time consuming and more thorough debridement with a 
more detailed inspection of the femoral canal. An ETO 
will diminish the risk of iatrogenic femoral canal penetra-
tion by cement removal aids, such as OSCAR (Orthoson-
ics System for Cemented Arthroplasty Revision- Orthofix, 
verona, Italy). Lim et al26 reported on ETO use as part of 
the approach in two-stage revision of periprosthetic joint 
infections. In 23 consecutive cases, ETO was used during 
the first stage. After the closure of the osteotomy was per-
formed, a cement spacer or temporary stem coated by 
cement was inserted. A 100% union of the ETO, as con-
firmed by radiological and clinical assessment during the 
second-stage procedure, was reported. In three cases, a 
new ETO was successfully performed at the time of the 
second stage. Successful eradication of infection was 
reported in 96% of cases. Petrie et al27 reported a large 
series of infected cases with ETO use during the first stage. 
In 70% cases they were able to use a standard prosthesis 
during the second stage. The use of an ETO in infected 
cases with similar results of ETO union has further been 
supported by other authors,28 even in cases of a delayed 
fixation of osteotomy.29
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Improving exposure to the acetabulum

Firestone and Hedley reported six cases where extended 
proximal femoral osteotomies were used to access intra-
pelvic displacement of acetabular components.30 In these 
cases an ETO could be performed prior to the dislocation 
of the hip to prevent acetabular or pelvic fractures. This 
technique is, in our opinion, very helpful in the conversion 
of a hemiarthroplasty to a THA in cases of severe wear of 
the native acetabulum and locking of the femoral head 
(Fig. 1, Fig. 2 and Fig. 3).

Correcting varus deformity of the proximal femur

A loose, short femoral component can cause the varus 
remodelling of the proximal femur. This usually occurs at 
the tip of the failed femoral implant. If the deformity is not 
acknowledged and not corrected, it may lead to varus 
insertion of the stem or anterior perforation of femoral 
cortex. Paprosky and Martin31 observed 30% varus remod-
elling of the femur after aseptic loosening of femoral stem. 
They recommended the use of an ETO in those cases, as it 
will allow a safe retrieval of the failed implant, an easier 
implantation of the revision stem and reduce the risk of 
perforation and fracture complications.

Adjusting the tension in the abductor mechanism

Similar to the ability to tension the abductors in the 
standard trochanteric osteotomy, an ETO enables the 
surgeon to adjust the tension of the abductors to some 
degree by re-fixing the ETO in a more proximal or distal 
position. Shortening the osteotomy fragment or the use 

of bone graft can facilitate the repositioning and the 
extended bone contact will likely increase the healing 
potential.32

Fig. 1 Radiograph showing hemiarthroplasty of the hip with 
acetabular erosion and significant protrusion in patient with 
significant pain and requiring revision to total hip arthroplasty.

Fig. 2 Post-operative radiograph of the patient presented in Fig. 
1. Extended trochanteric osteotomy (ETO) was used to allow 
safe hip dislocation and retrieval of the hemiarthroplasty, and 
following repair of the ETO an uncemented modular stem was 
implanted.

Fig. 3 Post-operative radiograph of the patient presented 
in Fig. 1 showing femoral component in full with extended 
trochanteric osteotomy fully healed.
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Periprosthetic fractures

Femoral component revision is the treatment of choice 
for vancouver type B2 and B3 fractures.33,34 Extended tro-
chanteric osteotomy facilitates removal of the loose stem, 
debridement of the femoral canal, removal of cement 
and implantation of an uncemented, tapered, porous 
coated stem. Levine et al35 advocate use of ETO, and pre-
sent good results from 17 consecutive cases with signifi-
cant femoral deficiencies and the use of uncemented 
stems. They report a 100% union rate of the osteotomy 
and fracture. The length of osteotomy was dictated by 
the fracture pattern, and varied from 6 cm to 18 cm. Oth-
ers have reported similar outcomes.36–38 There are, how-
ever, concerns about the high rates of dislocations, 
ranging from 7% to 21%. Whilst this increased risk is 
unlikely associated with the use of an ETO, it is important 
to assess the stability of the hip intra-operatively and, if 
necessary, to correct the abductor tension. Sheridan et 
al39 favour a cable plate combination over cables alone; 
however, most authors agree a satisfactory fixation and 
good outcomes can be achieved with use of cables alone.

Induction of bone healing and ingrowth

By performing an ETO is likely that the implant will be bet-
ter engaged in the cortical bone, increasing the area of 
circumferential ingrowth instead of a three-point fixation. 
Causing a controlled fracture has been linked to improved 
bone healing and ingrowth.24 A thorough removal of all 
debris, cement and foreign material will undoubtedly 
improve the ingrowth of the new implant.

Trochanteric osteolysis in the presence of metallosis

In cases of revisions for big head Metal on Metal (MoM) 
THAs, an ETO can facilitate the access and removal of 
implants.40 Debridement of the debris caused by the 
MOM articulation will be made easier and it is likely that 
this will ensure a more complete removal of the debris. In 
our experience of ETO use in cases of metallosis, we 
believe there is a delayed healing of the osteotomy and 
there may be an increase in fractures of the osteotomized 
fragment.

Surgical technique and pitfalls
Approach

Whilst an ETO can be safely performed using a direct  
lateral approach (modified Hardinge approach), most 
surgeons prefer an ETO in combination with a posterior 
approach. It is likely that the healing potential of an ETO 
is dependent on the vascularity of the ETO fragment. It 
is anticipated that the posterior approach will better 
retain the vascularity of the osteotomized fragment. 

Whatever approach is performed, extreme care needs to 
be taken to preserve soft tissue attachments. The oste-
otomy can be performed through the anterior cortex as 
described by MacDonald et al.41 The authors report non-
union requiring revision in 6% of the cases when cer-
clage wires were used, whilst a 100% union rate was 
described with cable fixation. Manrique et al42 describe 
a detailed description of their technique of the anterior 
to posterior ETO.

When a posterior approach is used the osteotomy is 
usually commenced anterior of the gluteus maximus 
insertion, extended distally and continued in an anterior 
direction. We would advocate a minimum of 12 cm 
(from the tip of the greater trochanter); however, the 
length of the ETO should be determined by the implant 
to be revised, the presence and size of osteolytic lesions, 
the position and quality of the femoral isthmus and the 
presence of cement. It is our preference to perform the 
posterior leg of the osteotomy using an oscillating saw, 
followed by a distal horseshoe shape drilling of the lat-
eral cortex. The anterior cortex is then osteotomized, 
using broad osteotomes and the fragment is finally lifted 
up. It is easier to perform the ETO after the femoral 
implant has been removed; however, this technique 
works with the femoral implant still in situ. We would 
suggest viewing the following YouTube® videos, accom-
panied by tips and tricks, depicting the surgical tech-
nique: https://youtu.be/9dHECqHyLMw43 and https://
youtu.be/cfrMipk76fo.44

Prophylactic cable distal to the osteotomy

We favour the placement of a prophylactic wire distal to 
the osteotomy site prior to the preparation of the femo-
ral canal and rasping or impaction of an uncemented 
stem. This should prevent the propagation of fractures 
distal to osteotomy. Miner et al45 reported a 10.8% rate 
of small, undisplaced cracks extending distally from the 
distal end of the osteotomy at the time of placement of 
the trial or final femoral component. In all cases, a sin-
gle cerclage wire was placed just distal to the transverse 
leg of the osteotomy to prevent propagation of these 
fractures. no subsidence or loosening was reported and 
the fractures whilst described were not considered a 
complication.

ETO fixation

In an uncomplicated osteotomy and with availability of a 
good femoral bone stock of the ETO fragment, we advo-
cate fixation of the fragment using two or three cables, 
adequately tensioned and appropriately locked. There is 
good evidence that this provides sufficient stability of the 
fragment whilst minimizing trauma to the soft tissue. In 
their cadaveric study, Chassin et al46 examined the stability 
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of the ETO in femora with significant bone loss and defi-
ciencies. They performed a repair of the ETO with three 
cables followed by impaction bone grafting and cement-
ing the stem. They reported a similar stability compared 
with a non-osteotomized femur. More recently Schab et 
al47 performed cadaveric study comparing fixation with 
two versus three cables. nine cadavers had both hips 
osteotomized and randomly assigned to either two or 
three-cable fixation and implantation of cylindrical fully 
coated stem. no statistically significant difference was 
found between the two-cable group and the three-cable 
group with regard to peak force, stiffness, angular dis-
placement, axial displacement, or axial displacement. 
Zhu et al48 reached similar conclusions after conducting 
a biomechanical study.

Alternative ETO fixation methods

Use of cerclage wires for ETO closure has now become 
less popular despite being advocated by Mei et al.49 War-
ren et al50 reported better results using cables compared 
to heavy cerclage wire, with higher union rates and less 
reported stem subsidence. Simank et al51 reported a 20% 
non-union rate of ETO in their series, attributing it to use 
of wires that were on many occasions too thin. Kuruvali  
et al52 proposed an alternative technique of fixation of 
the ETO using suture cord. The authors in their series of  
20 patients, with a variety of femoral defects, used four 
strands of braided resorbable suture to make a cord. 
After implantation of the stem and drilling two holes in 
the ETO fragment, the fragment was subsequently 
attached to the stem directly by the suture. The authors 
reported a 95% union rate and no intra-operative or late 
fractures of the osteotomy fragment. This technique has 
theoretical advantages: it is inexpensive, there is an 
improved control over the fragment, more ability to 
adjust the tension of the abductor muscles and the cord 
does not encircle the femur and the osteotomy, thus pre-
serving the local blood supply and facilitating healing of 
the osteotomy.

The spider clamp or trochanteric clamp is a cable-claw 
device that is designed to fix the greater trochanter to the 
proximal femur. Usually two cables are passed below the 
lesser trochanter and tensioned. This should be used in 
cases of ETO where the fragment is very fragile, and the 
greater trochanter is at high risk of fracturing or fractured. 
It is a load-sharing device, avoiding cheese-wiring through 
the greater trochanter. A cable-plate device is another 
tool that may be used in fixation of the osteotomy. Sur-
geons may choose the length of the plate and the num-
ber of cables used to re-attach the osteotomy. In vitro 
studies have shown that cable-plate devices provide a 
stiffer fixation and can withstand a larger load before 

mechanical failure compared to wires and cables alone.53 
They are, however, bulky and can cause trochanteric 
pain, impingement, as well as stress shielding. In cases of 
fractures of the fragment or in the cases of thin osteoto-
mies with or without poor bone quality we prefer to use 
a cable-plate device. Mei et al,49 in their recent systematic 
review, discussed a variety of fixation options related to a 
highly heterogeneous group of patients. Due to the poor 
quality of studies they concluded that it was difficult to 
support the use of one implant over another. They noted 
a high risk of complications and re-operations following 
cable-plate fixation, with an 18% non-union rate, a 17% 
trochanteric pain rate and a 7% re-operation rate. This is 
higher than in cable fixation, which is associated with a 
5% non-union rate, a 3% trochanteric pain rate and a 5% 
re-operation rate. However, cable plate devices are often 
used for salvage in cases when simple fixation with cables 
alone is not possible, or which are associated with a very 
high risk of fracture of the osteotomy fragment. In situa-
tions where fractures of the fragment are noted intra-
operatively, a fixation with cables could be suboptimal. It 
is likely that because a cable-plate device is used in more 
challenging cases, the possible complications may not 
only be related to the device itself, but to the complexity 
of the case.

Revision Stems with ETO

Ladurner et al54 examined bone restoration of the proxi-
mal femur after ETO and the use of uncemented stems. In 
their series of 54 cases, all patients did show bone restora-
tion, occurring from distal to proximal. At two years, the 
modular junction of the stem was bypassed in 75% of the 
cases reducing potential risk of stem fracture or junction 
failure.

Use of extended trochanteric osteotomy with cemented 
implants remains more controversial. While pressurizing 
the cement, leakage into the osteotomy site might occur 
and healing might be delayed or prevented. Furthermore, 
heat generated by the polymerization might lead to local-
ized necrosis and osteoblast death in proximity to the 
osteotomy, impacting the healing negatively.

Peters et al55 report a series of 21 extended trochanteric 
osteotomies for revision of cemented implants. All oste-
otomies healed by six months post-operatively. Hellman 
et al56 report 10 cases in which, after ETO repair, impac-
tion bone grafting was performed and a cemented stem 
inserted using a third-generation cementing technique.  
In two cases this led to non-union of the osteotomy,  
one requiring revision of fixation. However, a strong case 
in defence of impaction bone grafting and cement use 
after osteotomy has been made by the Exeter Group.57 In 
their consecutive series of 18 patients with close follow 
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up, there was a 100% union rate of ETO after impaction 
bone grafting and implantation of cemented Exeter stem. 
We have experience with using ETO in infected cases 
during first-stage revision surgeries. After debridement 
of the femoral canal and closure of the osteotomy, a highly 
polished, collarless, tapered stem is used with a first-
generation cementing technique to achieve some stabil-
ity but to allow easy retrieval during the second-stage 
procedure. In these cases, we routinely use wires and 
avoid cables to reduce infection complications. A recent 
article by Janz et al highlighted the potential of bacterial 
colonization of cerclage material.58

The suggested post-operative treatment
Charnley advocated initial bedrest with abduction pillows 
for three weeks, followed by in-hospital mobilization for 
one week before discharge.11 Whereas this regimen was 
subsequently relaxed and earlier mobilization became the 
norm, patients were mobilized for a prolonged length of 
time with two crutches. There were also some restrictions 
on active abduction in order to mitigate the risk of migra-
tion of the greater trochanter. Currently the standard 
rehabilitation protocol consists of a minimum of six weeks 
protected weight bearing initially with a Zimmer frame, 
progressing to crutches if compliant.

Protected weight bearing after osteotomy is also advo-
cated by noble et al.59 In their biomechanical cadaveric 
study, the authors found that the torsional strength of the 
femur following ETO, its repair and insertion of well-fixed 
cemented stem, is 23% weaker than of those intact fem-
ora with implanted stem. The authors, however, used cer-
clage wires as a method of ETO repair and cemented 
stems were used rather than uncemented, therefore their 
results might not be representative of the more contem-
porary techniques. In our practice and in the absence of 
conclusive studies, we prefer and suggest that patients 
remain on crutches until signs of healing at the osteotomy 
site are visible on standard pelvic X-rays. In the majority of 

patients these restrictions will be lifted at the three-month 
post-operative visit.

Results of ETO
Conventional trochanteric osteotomy has led to non-
union rates of up to 20% in revision THA.60 Wieser et al61 
reported a non-union rate of 20% when a traditional ante-
rior trochanteric slide osteotomy was performed in revi-
sion surgery and 4% when an ETO was used. They 
reported that the use of a cemented stem, older age and 
revision of cemented stem were risk factors for osteotomy 
non-union. Widely reported results as reported in the lit-
erature of ETO union are favourable and summarized in 
Table 1. Our own results62 are in keeping with those 
reported in the literature. We noted that in a small propor-
tion of patients (6%) the osteotomy is not completely 
healed radiologically, although without signs of instabil-
ity, migration or reaction to the fixation device. These 
patients were asymptomatic. We conclude that in these 
cases either a fibrous union or partial bony union occurs 
but it is impossible to appreciate this difference on plain 
radiographs. We do not routinely use computed tomogra-
phy (CT) scan for follow up in asymptomatic patients.  
In 8% of our cases a fracture of the greater trochanter 
occurred. In one symptomatic patient a greater trochanter 
reattachment was required, others remained asympto-
matic or symptoms were minimal. Meek et al63 reported a 
30% rate of greater trochanter fracture in a large series of 
revision hip arthroplasty when an ETO was not used. We 
postulate that in cases with significant femoral bone loss 
and a fragile osteotomy fragment, a more robust form of 
fixation is used, such as spider clamp or cable plate device.

Post-operative complications
Risks of fracture of the ETO fragment, delayed, mal or 
non-union as well complications of the revision surgery 
have been described. Special attention is necessary dur-
ing the fixation of the ETO in order to avoid neurovascu-
lar injuries. There are case reports of arterial injury after 
fixation with cerclage wire following ETO64 as well as 
fracture fixation.65 This is most likely to occur in the distal 
half of the femur, in proximity to Hunter’s canal. Care is 
needed when closing the ETO in order not to cause a soft 
tissue entrapment. We advocate keeping the wire-pass-
ing instruments close to the bone and passing the wires 
from posterior to anterior in order to reduce the risk of 
inadvertently causing excessive soft tissue damage and 
safeguarding the sciatic nerve. Complications related to 
ETO itself, when employed in revision hip surgery, are 
lower than those resulting from unintentional fracture of 
the femur.24

Table 1. Non-union rates following extended trochanteric osteotomy in 
revision hip arthroplasty when modern fixation methods were used

Authors N %

Drexler et al37 34 0.0%
MacDonald et al41 45 4.4%
Miner et al45 166 1.2%
Wieser et al61 47 4.3%
Wronka and Cnudde62 108 0.0%
King et al66 45 2.0%
Lakstein et al67 53 1.9%
Lakstein et al68 105 1.0%
Huffman et al69 43 0.0%
Mardones et al70 75 1.3%
Combined 779 1.2%
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Discussion
Osteotomies of the proximal femur during revision sur-
gery have been used in many variations. The ETO was 
popularized by Paprosky18 to aid in the removal of well-
fixed cemented and uncemented stems, to aid in the com-
plete removal of a well-fixed cement mantle in septic and 
aseptic cases, to improve the exposure to the acetabulum, 
and to correct a varus deformity of the proximal femur. It 
can be used during revision procedures for periprosthetic 
fractures and in cases of trochanteric osteolysis in the pres-
ence of metallosis. It could help in adjusting the tension  
in the abductors, and is described as poten tially induc-
ing bone healing and improving ingrowth. We describe 
surgical techniques, pitfalls, results and post-operative 
complications.

In conclusion, an ETO is a safe, reproducible and relia-
ble technique that may be advantageous in revision hip 
arthroplasty surgery. When performed with care for the 
femur and the surrounding soft tissues, it leads to impres-
sive results whilst not compromising post-operative 
recovery. We believe that all revision hip surgeons should 
be familiar with this technique for use in selected cases. 
The main limitation of the technique compared to an 
endo-femoral removal of the implant is the use of a longer 
stem, in order to bypass the osteotomy.
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