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�� Hip

Proximal femoral replacement in non-
neoplastic revision hip arthroplasty
five-year results

Aims
With increasing burden of revision hip arthroplasty (THA), one of the major challenges is 
the management of proximal femoral bone loss associated with previous multiple surgeries. 
Proximal femoral arthroplasty (PFA) has already been popularized for tumour surgeries. Our 
aim was to describe the outcome of using PFA in these demanding non-neoplastic cases.

Methods
A retrospective review of 25 patients who underwent PFA for non-neoplastic indications be-
tween January 2009 and December 2015 was undertaken. Their clinical and radiological 
outcome, complication rates, and survival were recorded. All patients had the Stanmore Im-
plant – Modular Endo-prosthetic Tumour System (METS).

Results
At mean follow-up of 5.9 years, there were no periprosthetic fractures. Clearance of infection 
was achieved in 63.6% of cases. One hip was re-revised to pseudo arthroplasty for deep in-
fection. Instability was noted in eight of the hips (32%), of which seven needed further sur-
gery. Out of these eight hips with instability, five had preoperative infection. Deep infection 
was noted in five of the hips (20%), of which four were primarily revised for infection. One 
patient had aseptic loosening of the femoral component and awaits revision surgery. The 
Kaplan-Meier survivorship free of revision of any component for any reason was 72% (95% 
confidence interval (CI) 51.3% to 92.7%), and for revisions of only femoral component for 
any reason was 96% (95% CI 86.3% to 105.7%) at five years.

Conclusion
Dislocation and infection remain the major cause for failure, particularly in patients with 
pre-existing infection. The use of dual mobility cups, silver-coated implants, and less aggres-
sive postoperative rehabilitation regimens would possibly aid in the reduction of complica-
tions. PFA performed in patients with periprosthetic fracture seem to fair better. This study 
supports the judicious use of PFA in non-oncological revision hip arthroplasties, and that 
they be performed by experienced revision arthroplasty surgeons.
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Introduction
The number of hip arthroplasties being 
performed around the world is on the 
increase, which is predicted to result in an 
increased burden of revision total hip arthro-
plasties (THA) by 137% until the year 2030.1 
The rate of revision arthroplasty from the 
UK National Joint Registry in patients under 
the age of 55 years is approximately 12% 
at 15  years.2 Patients aged under 35 years 

undergoing THA showed implant survival 
of 95% at five years, 87% at ten years, and 
61% at 20 years.3 Patients who have arthro-
plasty whilst at a very young age are more 
likely to require multiple revision procedures 
in their lifetime. The major challenge faced 
by an arthroplasty surgeon in these revision 
scenarios is the excessive bone loss. Various 
factors such as aseptic osteolysis, infection, 
periprosthetic fractures, stress shielding, and 
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Fig. 1

Pie diagram depicting indications for proximal femoral arthroplasty.

multiple previous surgeries are considered to be respon-
sible for such bone loss.4-11

The surgical options available to tackle this problem 
include Girdle stone arthroplasty, impaction bone 
grafting using allografts, structural allograft-prosthesis 
composite, modular fluted tapered stems, long-stemmed 
implants, and proximal femoral arthroplasty (PFA).5,7 
However, when it comes to the management of massive 
bone loss, the reconstructive options available are 
limited to allograft-prosthesis composite and PFA.4 The 
use of allografts carries concurrent risk of non-union, 
infection, graft resorption, and fear of disease transmis-
sion.12,13 Additionally, the associated significant period 
of protected weightbearing is a major issue for the frail 
and the elderly population in whom these surgeries are 
generally performed.14

On the other hand, PFA, with the advantage of early 
postoperative weightbearing, absence of union prob-
lems, and with no risk of disease transmission, seems to 
be a better solution for such complex revision scenarios.15 
These reasons have already made PFA the choice of treat-
ment in limb salvage surgeries in orthopaedic oncology.16 
PFA is also being increasingly used for non-oncological 
indications associated with bone loss. However, the wide 
range of complication rates in the form of dislocation, 
infection, loosening, and failure of the prosthesis raises 
concerns.17-19 Hence, further studies are warranted to look 
at the outcomes of PFA in non-neoplastic conditions.

The preliminary aim of the present study is to eval-
uate the clinical outcome and five-year survivorship in 
patients undergoing PFA for non-neoplastic indications 
in complex revision hip surgeries with massive bone 
loss. The factors that influenced the outcome were also 
explored.

Methods
This Institutional Review Board-approved study was 
a retrospective review of consecutive series of multi-
surgeon performed PFA for non-neoplastic indications 
in a tertiary referral centre for arthroplasty. Data was 
collected from the joint arthroplasty database from 

January 2009 to December 2015. All patients apart from 
the ones who died or lost to follow-up were followed 
up to a minimum of five years. The Stanmore modular, 
cemented stemmed implants (Stanmore Implants, UK) 
was used in all patients in this study.

A total of 25 patients underwent PFA for non-neoplastic 
indications. The indications for PFA are as presented in 
Figure 1. In all, 11 of the cases (44%) had periprosthetic 
joint infection (PJI) as the indication for the use PFA. 
The organisms cultured from these cases with PJI prior 
to the index PFA included Staphylococcus aureus in five 
(45.4%), Escherichia coli in three (27.3%), Enterococcus 
faecalis in two (18.2%), Staphylococcus epidermis in one 
(9.1%), Streptococcus in one (9.1%), Campylobacter in 
one (9.1%), Proteus in one (9.1%), and Micrococcus in 
one (9.1%). The decision for two-stage or single-stage 
revision for these patients were taken after involving 
the multidisciplinary team comprising of senior hip 
surgeons, radiologists, microbiologists, pathologists, and 
the anaesthetists. Out of the 11 cases with preoperative 
infection, a two-staged revision using antibiotic loaded 
cement spacer was performed in ten. Only one patient 
had undergone single-stage revision as the patient was 
medically unfit for a two stage procedure. Two PFAs in 
the PJI group had silver-coated implants (Agluna; Stan-
more Implants). None of the patients required any plastic 
surgeons’ input.
Surgical technique.  The surgeries were performed by the 
senior hip surgeons (AG, NS, MP) at the same institute. 
With the patient in lateral decubitus position, posterior 
approach was the default approach. The mean surgical 
time was found to be 209.2 minutes (135 to 291). A tro-
chanteric slide osteotomy was used when found neces-
sary to preserve the abductors and vastus lateralis. The 
pre-existing acetabular components were assessed for 
adequacy of positioning, as well as stability, and were re-
tained in seven cases. Standard surgical techniques were 
followed for femoral canal preparation. Trial components 
were used to achieve optimal soft-tissue balance and 
fine tune the resection level. All PFAs were cemented in 
place. Care was taken to preserve the cancellous bone for 
a better cement interdigitation. A cement restrictor was 
inserted in the distal segment when possible to achieve 
adequate pressurization and an optimal cement mantle.

The final implant was inserted taking care to achieve 
direct and firm contact between the hydroxyapatite (HA)-
coated collar of the implant and the host bone without 
any cement inter-positioning. Depending upon the 
intraoperative stability of the hip joint, a decision was 
taken by the surgeon with regard to the optional use of 
constrained acetabular liners. In this series, constrained 
liner was used in four and dual mobility cups in two 
cases. The trochanter was reattached in 12  cases using 
trochanter reattachment plate. Among the rest of the hips 
without the trochanter, the abductors were reattached 
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Table I. Demographics of the study group.

Variable Data

Total hips, n 25

Hips with minimum five years follow-up, n (%) 15 (60)

Lost to follow-up, n 4

Death, n 6

Mean age, yrs (range) 71.8 (50 to 89)

Left:right, n 09:16

Male:female, n 10:15

Mean surgical time, mins (range) 209.2 (135 to 291)

using heavy non absorbable sutures to the shoulder of 
the proximal aspect of the femoral component. There 
was no preponderance to instability based on the type of 
trochanter reattachment.

Prophylactic antibiotics were used in all the patients in 
the form of intravenous teicoplanin and oral ciprofloxacin 
until final culture reports were available from the intraop-
erative samples. Appropriate antibiotics were continued 
only in the presence of a positive culture report and in 
discussion with our microbiologists. All the patients also 
received thromboprophylaxis as per the local trust guide-
lines. Postoperatively, the majority of the patients (64%) 
were allowed either partial weightbearing or weight-
bearing as tolerated. The remaining patients were kept 
on toe touch weightbearing for the initial six weeks, and 
then progressed to increasing weightbearing. Abduction 
brace was not used as a standard postoperative precau-
tion in this series.
Patient evaluation.  The patients had routine clinical fol-
low ups at six weeks, three months, six months, one year, 
and then annually. The clinical and radiological data was 
obtained retrospectively from the institution’s electron-
ic database, medical records, and picture archiving and 
communications system (PACS). The mobility status, 
complication rates, and the subsequent management of 
these complications were determined from these records. 
The radiological evaluations were conducted by review-
ing the serial anteroposterior and lateral radiographs. 
Aseptic loosening of the femoral component was defined 
as circumferential radiolucent line on all views and/or 
subsidence around the stem.
Statistical analysis.  Survival analysis was performed us-
ing the Kaplan-Meier method with 95% CIs. The follow-
ing end points were used to assess survivorship: revision 
or removal of femoral component for any reason, revi-
sion of any component for any reason, and revision of 
any component for any reason excluding posterior lip 
augmentation device (PLAD) application. All analysis was 
performed using SPSS software version 23.0 (SPSS, USA).

Results
A total of 25 proximal femoral arthroplasties were 
performed in patients with a minimum follow-up of two 
years. The mean age of the study group was found to be 
71.8 years (50 to 89). The mean follow-up was 5.9 years 
(2.0 to 11.8). The patients had undergone a mean of 2.4 
total hip arthroplasties (1 to 5) prior to the index PFA. 
The summary of the patient’s demographics is depicted 
in Table I. Six out of the 25 patients died due to reasons 
unrelated to the surgical procedure. The hips in these six 
patients survived for a mean of 3.2 years (2.2 to 5.1). Four 
hips were lost to follow-up. The remaining 15 hips (60%) 
had a minimum follow-up of five years. All patients had 
a minimum of type 3B femoral deficiency based on clas-
sification of Paprosky.20 Figures 2a and 2b demonstrates 

the radiographs of a representative case from the study 
sample.

A total of 11 cases had a preoperative diagnosis of PJI. 
Clearance was achieved in seven out of 11 cases, ten of 
whom had undergone two-stage revisions. Four out of 
the 11 patients continued to have postoperative infec-
tion. Among them, one had a pseudo arthroplasty and 
the other three went on to having suppressive antibiotic 
therapy.

A total of 11  patients (44%) had complications. The 
most common complications were dislocation in eight 
patients, followed by infection, and one aseptic loosening 
of the stem at 6.9  years. Figure  3 illustrates the demo-
graphics of the pre-existing indication and outcome. All 
the eight cases (32%) of dislocation occurred within five 
months from the index procedure. Of the eight patients 
with dislocation, five underwent a PLAD placement, two 
had a socket revision with a constrained liner, and one 
had successful results with manipulation under anaes-
thesia with an abduction brace for eight weeks. The one 
with aseptic loosening had subsidence of the femoral 
component and progressive radiolucency in all zones 
and awaits revision surgery with a custom made implant. 
There were no cases of established periprosthetic frac-
tures around the femoral component. The Kaplan-Meier 
survivorship at five years for revision of femoral stem for 
any reason was 96% (95% confidence interval (CI) 86.3% 
to 105.7%), 72% (95% CI 51.3% to 92.7%) for revision 
of any component for any reason, and 87.7% (95% CI 
70.2% to 105.1%) for revision of any component for any 
reason excluding PLAD application (Figures 4 to 6).

Discussion
Management of massive bone loss in a revision hip 
scenario remains a challenge, which is going to be 
only augmented with the predicted future increase in 
the number of complex revision case load.1 In reality, 
the options for reconstruction are either to proceed 
with allograft-prosthesis composite or perform a PFA. 
PFA, with its inherent advantage of early postoperative 
weightbearing, lack of concerns of disease transmission 
and union, seems to make it the preferred mode of treat-
ment for such complex revisions. The use of PFA in non-
neoplastic conditions are rare and are mainly used to 
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Fig. 2

a) Preoperative radiograph of a failed periprosthetic fracture fixation with profound bone loss. b) Postoperative radiograph at nine years follow-up.

Fig. 3

Flow chart depicting complications and their management.

treat very complex proximal femoral fractures with bone 
loss. In these challenging cases, it is not uncommon to 

consult experienced revision arthroplasty surgeons. The 
modular PFA implant provides the surgeon with flexibility 
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Fig. 4

Graphical representation of Kaplan-Meier curve for revision of femoral 
component only for any reason.

Fig. 5

Graphical representation of Kaplan-Meier curve for revision of any 
component for any reason.

Fig. 6

Graphical representation of Kaplan-Meier curve for revision of any femoral or 
acetabular component for any reason, excluding application of posterior lip 
augmentation device.

during the surgical procedure to reconstruct a wide range 
of skeletal defects. It also allows for intraoperative judge-
ment of leg-length adjustment, trochanteric reattach-
ment to increase the stability of the hip, and is technically 
less demanding in comparison to an allograft-prosthesis 
composite. Additionally, it negates the expense and the 
loss of time for manufacturing a custom-made implant. 
Despite all these advantages and the assuring results from 
previously published data,4-11,17-19 PFA still continues to be 
procedure with broad array of complications making it a 
procedure reserved as a last resort. The common compli-
cations associated with PFA are dislocation and/or infec-
tion. There is almost a 25% chance of reoperation.17

Modular PFAs when used for neoplastic indications, 
and have a five-year survivorship between 75% to 90%.21-23 
Parvizi et al5 reported a 73% survival rate at five years in 
non-neoplastic indications. In our series of patients with 
Paprosky type 3B and four bone loss reconstructed with 
PFAs, the rate of survival free of femoral component 
revision at five years was 96%. This is dissimilar to rates 
reported by Grammatopoulos et al,18 who had a survi-
vorship of endoprosthetic arthroplasty (EPR) of 87% with 
revision as an end point. In our series, the survival rate 
free of any component revision for any reason was 72%. 
If the patients having a PLAD was not included in the revi-
sion category, our overall survivorship at five years was 
88%, similar to the rate reported by Grammatopoulos et 
al.18

The overall complication rate in this study was 44% 
(11 patients). Aseptic loosening was rare, but dislocation 
occurred in eight patients (32%). The overall reopera-
tion rate at five years was 36% (nine patients), of which 
only two involved revision of the femoral component. 
Our overall complication results compare marginally 
higher to the recent systematic review available by Korim 
et al,17 which included 14 studies with a total of 356 
PFAs with a mean follow-up of 3.8 years. They reported 
a reoperation rate of around 24% (0% to 40%) for any 
reason, and a dislocation rate of 15.7% (0% to 40%). 
Parvizi et al5 described a number of factors to improve 
the stability, including the use of modular components, 
porous coated proximal surface to aid re-attachment of 
soft-tissues, and constrained liners. Our dislocation rate 
was high at 32%. However, five out of these (63%) had 
pre-existing infection. Despite achieving proper implant 
positioning with respect to the version of the femoral 
component and the version and inclination of the acetab-
ular component,these hips may still be unstable, due to 
the significant soft-tissue deficiency left from the previous 
multiple surgeries. In our series, the mean size of head 
was 32 mm, and a 28 mm head was used in eight cases. 
Gramamatopoulos et al18 reported very low dislocation 
in their series, which was attributed to their practice of 
primarily using MDM heads in cases where stability was 
a concern as it significantly increases the jump distance. 
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In cases where a dual mobility was not possible, a large 
head of 36 mm was used. In very severe cases of insta-
bility, constrained liners can be considered, but there is 
always the concern of increasing shearing forces leading 
to weakening of the acetabular-bone interface, leading to 
early failure. The importance of adequate rest to the soft-
tissue in the immediate postoperative period, protection 
to the soft-tissue in the form of bracing, and protected 
weightbearing could be considered to improve stability. 
Parvizi et al5 recommended the use of postoperative 
bracing to limit the risk of dislocation. Perhaps, more 
judicious use of dual mobility cups, along with poten-
tially exploring modified rehabilitation protocols, could 
have resulted in a lower rate of dislocation in this present 
series. More recently, we have now changed our practice 
to routine use of a dual mobility cup in these cases.

The majority of the patients in this study (22 patients 
(88%)) could be split equally into those having either 
infection or a periprosthetic fracture preoperatively 
as an indication to have a PFA. These hips have had 
previous multiple operations. The eradication of infec-
tion was achieved in seven out of 11 of the patients 
(64%), which is comparable to the clearance rate of 56% 
to 92% reported in the review by Korim et al.17 A total 
of five patients (20%) had PJI at mean follow-up of five 
years, out of which four had pre-existing infection. This 
is similar to the rate of infection (0% to 33%) reported 
in the systematic review on PFA.17 Silver-coated implants 
(Agluna) have shown favourable results in reducing the 
infection rate.24,25 Only two patients had received silver-
coated implants in this study. Further exploration of this 
new advance may help to promote the eradication rate 
of infection.

Where PFA was used in periprosthetic fractures (11 
patients (44%)), none of them went on to have postop-
erative infections. Two of these 11 patients (18.2%) had 
postoperative dislocation and only one of them had to 
undergo reoperation for application of PLAD (reopera-
tion rate of 9.2%). Mclean et al26 in their homogeneous 
study group of 20 PFAs in periprosthetic fractures had 
a 15% dislocation and a 10% infection rate. Our results 
compare similar to theirs with regards tothe dislocation 
rates. Klein et al10 reported a 30% reoperation rate in a 
similar group of patients. In this present series, there was 
no infection in this cohort of patients, and lower reoper-
ation rates therefore compared better than the available 
literature.

Consequently, there is no one single answer for 
limiting complication, but a multidisciplinary team 
approach within a specialist unit and surgery performed 
by experienced surgeons would be ideal. We also would 
recommend these complex PFA cases be recorded as a 
separate subset on hip revision proforma towards the 
National Joint Registry (NJR) data capture. This can then 
be audited by the 'Getting It Right First Time' (GIRFT), 

which will help identify changes that will help improve 
care and patient outcome.

This study has its own limitations. First, it is a retro-
spective study accompanied with all its related shortcom-
ings. Second, our sample size was only 25 hips due to the 
infrequent nature of these procedures and its heteroge-
nous indication for the procedure. Additionally, the mean 
follow-up was only 5.9  years, making it a short-term 
follow-up study. Lastly, no functional scores were used 
to quantify the functional outcome after the procedure.

In conclusion, our study supports the fact that PFA is 
still a viable option for complex revisions with significant 
bone loss even with pre-existing infection or failed osteo-
synthesis. Dislocation and infection remain the major 
cause for failure particularly in patients with PJI. Surgery 
performed by experienced revision hip surgeons familiar 
with the use of dual mobility cups, use of silver-coated 
implants, and less aggressive postoperative rehabilitation 
regimens would possibly aid in reduction of complica-
tions. PFA performed in patients with periprosthetic frac-
ture seem to fair better. Our study supports the use of PFA 
with caution as a limb salvage option in non-oncological 
revision hip arthroplasties when other surgical options 
are not feasible.

Take home message
- - Proximal femoral arthroplasty (PFA) is a sensible option in 

revision total hip arthroplasty with massive proximal femoral 
bone loss.

- - PFA performed in periprosthetic fractures seem to fair better.
- - Dislocation and infection continues to be common complication 

particularly in patients with periprosthetic joint infection. Judiciuos use 
of dual mobility socket favours consideration.
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