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ORIGINAL STUDY

Modular proximal femoral replacement in salvage hip surgery
for non-neoplastic conditions

Mathew D SEweLL, Sammy A. Hanna, Richard W. CarrINGTON, Robin C. Pollock, John A. SKINNER,
Stephen R. Cannon, Timothy W.R. BRrIGGs

From the Royal National Orthopaedic Hospital, Stanmore, United Kingdom

Addressing severe proximal femoral bone loss in revi-
sion hip surgery is a challenging reconstructive prob-
lem. The use of modular proximal femoral megapros-
theses is one of many available options to address this.
This is a retrospective review of 15 patients who had
undergone limb salvage at our institution using a
modular proximal femoral replacement. There were
8 males and 7 females with a mean age of 67 years (34
to 85) and a mean follow-up of 60 months (1 to 99).
Indications included re-implantation for deep infec-
tion in nine patients, aseptic loosening in three, peri-
prosthetic fracture in two and painful excision
arthroplasty in one. Mean Harris hip score increased
from 28 (13 to 49) pre-operatively to 69 (39 to 85) at
final follow-up (paired t-test, p <0.0001) and mean
Toronto Extremity Salvage score increased from 26 %
(14 to 40) to 71% (35 to 82) (paired t-test, p < 0.0001).
Prosthesis survival with revision as the endpoint was
87% at S years. There were two dislocations (14 %)
and there was failure to eradicate deep infection in
two. Modular proximal femoral replacement provid-
ed good function and versatility with an acceptable
complication rate for patients with severe proximal
femoral bone loss with or without infection.

Key words : proximal femoral replacement ; modular ;
bone loss ; infection ; loosening.

INTRODUCTION

Addressing loss of proximal femoral bone
around a failed total hip replacement (THR) is a

No benefits or funds were received in support of this study

challenging reconstructive problem. Femoral bone
stock deficiency may result from a variety of factors
which include infection, peri-prosthetic fracture,
osteolysis from wear debris accumulation, stress
shielding and multiple previous revisions (3,4,14,6,
30). Surgical options to address this problem include
resection arthroplasty (6), long-stemmed implants
with or without impaction allografting (5,12), allo-
graft-prosthetic composites (2,77) or customised and
modular proximal femoral endoprostheses
(21,23,27,28,32). Resection arthroplasty results in a
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shortened limb with poor walking ability (22). In
patients with severe bone loss (Paprosky grade I1IB
and IV femoral defects) (11), long-stemmed cement-
ed or press-fit implants may not be suitable due to
lack of adequate distal fixation. In these patients
allograft-prosthetic composites or endoprostheses
may be used.

Endoprostheses have the advantage of allowing
early weight bearing with shorter operative times
and do not pose a risk with disease transmission.
These factors make them a particularly good option
for the elderly patient with medical co-morbidities.

Modular endoprosthetic systems are a relatively
new development and have been used in the proxi-
mal femur with great success in tumour surgery
(7,24). They allow reconstruction of a wide range of
skeletal defects without the significant expense or
time required to manufacture a custom-made
implant and have the advantage of allowing intraop-
erative flexibility. There are few reports in the liter-
ature on the use of modular proximal femoral
replacements in non-neoplastic disease (23,28,32)

!

and their use has not been reported when severe
proximal femoral bone loss has been complicated
by deep infection.

The aim of this study was to assess the clinical
and functional outcome of a modular proximal
femoral replacement (PFR) for patients with severe
proximal femoral bone loss requiring revision hip
surgery, and particularly a sub-group whose previ-
ous surgery was complicated by deep infection.

MATERIALS AND METHODS

Between 2001 and 2006, 15 consecutive patients
underwent a modular PFR at our institution for non-
neoplastic disease. These were identified from our
operative records database. Clinical data from med-
ical records, radiological studies and clinic reviews
were retrospectively reviewed. Functional scores
were obtained through outpatient clinic reviews and
patient-filled questionnaires. There were 8 males
and 7 females with a mean age of 67 years (34 to
85) at the time of operation. One patient died 15

s
b

Fig. 1. — Septic loosening of both components of a cemented THR (a) with significant bone loss treated by a two-stage revision (b)
with antibiotic cement spacer-G ; (c) Second-stage revision to PFR with uncemented cup. Infection eradicated clinically, biochemical-
ly and radiologically at last follow-up with a HHS of 76 and TESS of 74.
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days post-operatively from aspiration pneumonia.
Overall mean follow-up was 60 months (1 to 99).
Patients had undergone a mean of 2.8 (1 to 4) pre-
vious operations on the affected hip. For patients
who underwent primary THR, mean time between
primary THR and index PFR was 14.5 years (range
3.4 t0 29.3). The mean duration between the last hip
surgery (i.e. THR or fracture fixation) and index
PFR was 53 months (6 to 198).

All operations were carried out at a single insti-
tution by the five senior authors (RWJC/RP/
JAS/SRC and TWRB). Indications for revision in-
cluded infected THR in six patients (fig 1), aseptic
loosening in three, Vancouver type B3 (25) peri-
prosthetic fracture in two, infected non-union of a
proximal femoral fracture in one (in a patient who

had previously had multiple previous osteotomies
for developmental dysplasia of the hip), re-implan-
tation for previous resection arthroplasty performed
for infection in one (fig 2) and infected non-union
of an extracapsular femoral neck fracture in two.
All patients who required this procedure had
Paprosky grade IIIB or IV femoral defects.

The nine patients who had infected prostheses
underwent a two-staged revision to modular PFR.
The mean duration of infection in THR before
index PFR was 36 months (28 to 55). The first stage
consisted of removal of prosthesis, radical resection
of potentially infected bone, thorough debridement
and insertion of antibiotic spacer. The second stage
comprised of further debridement and revision hip
surgery with a PFR. The second stage was usually

Fig. 2. — Painful excision arthroplasty (a) managed by PFR with uncemented constrained acetabular liner (b). Patient noted a
significant improvement in both pain and function with a HHS of 67 and TESS of 72 at final follow-up.
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carried out at six weeks after a return to normal of
the inflammatory markers with intravenous anti-
biotics being given in the interim. In three patients
the second stage was delayed due to medical co-
morbidities and raised infectious markers (white
cells, C-reactive protein and ESR). The six cases
with aseptic indications were subject to single-stage
PFR.

Patients were reviewed clinically and radi-
ographically at six weeks, 12 weeks, six months,
12 months and annually thereafter. Functional eval-
uation using the Harris Hip Score (HHS) (79) and
Toronto Extremity Salvage Score (TESS) (9) was
performed pre-operatively and at the patient’s last
follow-up. The TESS is a patient-reported measure
of function. The questionnaire is a disease-specific
measure designed to assess physical disability for
patients after limb-salvage surgery for muscu-
loskeletal tumours. Its lower extremity version con-
sists of 30 questions regarding everyday activities
such as dressing, working, mobility and leisure and
allows a percentage score to be calculated.

Serial antero-posterior radiographs were inde-
pendently reviewed by consultant musculoskeletal
radiologists to assess femoral defects (pre-PFR),
osseointegration and presence of any loosening at
the cement-bone interface (post-PFR). The acetabu-
lum was divided into three zones as described by
DeLee and Charnley (70). The femoral side was
divided into seven zones to assess radiolucent zones
and loosening (76).

We used Gross et al’s criteria (/5) to define a suc-
cessful outcome : increase in the HHS of > 19
points, radiologically stable implant with no
requirement for further femoral reconstruction.
Statistical analysis was performed using a paired
t-test to analyse pre-operative and last follow-up
TESS and HHS scores (Stata version 10.1, Stata-
Corp, Texas, US). A p-value of <0.05 was con-
sidered significant. Kaplan-Meier survivorship
analysis with implant revision as the endpoint was
also performed.

The prosthesis

The METS® (Modular Endoprosthetic Tumour
System) proximal femoral replacement is a modular
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Fig. 3. — The METS® PFR showing the modular head,
trochanteric re-attachment plate, shaft, HA-coated collar and
cemented stem. (Illustration courtesy of Stanmore Implants
Worldwide Ltd)

system made of titanium alloy (Ti 6Al 4V)
(Stanmore Implants Worldwide Ltd, Centre for
Biomechanical Engineering, Stanmore, UK) (fig 3).
The system consists of a variety of different sized
and sided trochanters, anatomical in shape with the
provision for trochanteric re-attachment, a range of
shafts in 15 mm increments to allow for variations
in length resection, a range of different diameter
collars to match the size of the resected bone and a
range of fluted stems for rotational stability which
are cemented into the intramedullary canal. There is
the option to use a polished or a hydroxyapatite
(HA)-coated collar at the bone-prosthesis junction
with HA-collar option having the potential for
osseointegration. This results in reactive new bone
formation that grows proximally from the resection
site over the shaft of the implant to form a bony
bridge. This is believed to reduce loosening by act-
ing as a ‘purse string’ that seals the bone-implant
interface, preventing the migration of wear particles
(21). The HA-collar option was used in all patients
in this study. A range of modular metal (cobalt



MODULAR PROXIMAL FEMORAL REPLACEMENT IN SALVAGE HIP SURGERY 497

chromium) and ceramic heads are available.
Individual components of the system are connected
using interlocking taper junctions. For minimal
femoral resections where the smallest shaft may not
be suitable, an integral shaft/stem component is
available for use.

Surgical Technique

With the patient in the lateral decubitus position,
old skin incisions were modified to obtain an
extended lateral transfemoral approach (20) to the
hip and femur, including an extended trochanteric
osteotomy if necessary. Meticulous debridement
was performed with removal of all unhealthy tissue,
retained cement and metalwork. The acetabulum
was inspected and assessed for stability. In all but
one case it was removed and, with the exception of
one case, an uncemented acetabular shell with the
potential for biological fixation was implanted. The
femur was divided transversely at the most proxi-
mal level of non-infected, intact femoral cortex.

In infected cases an antibiotic loaded spacer was
used. This either took the form of a loosely cement-
ed METS® prosthesis covered in antibiotic loaded
cement or by using a spacer-G (Tecres SpA, Verona,
Italy), where the distal cement had been chipped off
the distal end to reveal the screw thread. This was
then inserted into a femoral nail to gain additional
length and the whole construct covered in antibiot-
ic cement over the desired length prior to re-implan-
tation (fig 1b).

In one stage revision or at second stage, the
femoral canal of the distal fragment was reamed
aiming to retain as much healthy cancellous bone as
possible for optimal cement interdigitation. Where
the canal was narrow enough, a cement restrictor
was inserted distally to optimise cement pressurisa-
tion. After trialling, the appropriate sized METS®
femoral components were assembled using pre-
operative planning radiographs, leg lengths and sta-
bility indicators such as soft tissue tension around
the hip as determinants. The femoral stem was then
cemented in anatomically appropriate rotation
ensuring that the HA-collar was placed directly
against diaphyseal bone with no interposing
cement. Any remaining proximal femoral bone was

wrapped around the prosthesis and secured with
Dall-Miles cables (Stryker, Kalamazoo, Michigan,
USA). Whenever possible the greater trochanter
with attached abductors was osteotomised and re-
attached to the endoprosthesis with the trochanteric
reattachment plate and screws or cable-grip wires.
When the greater trochanter was deficient or absent,
the abductor muscles were sutured to tensor fasciae
latae using a mass suture technique. The choice
of femoral head size depended on the stability of
the implant and varied between a 28 mm and
36 mm head. A constrained acetabular liner was
required in one patient for intra-operative insta-
bility. None of the cases required an allograft.
Tissue was sent for histological examination and
culture in all cases.

Post-operatively intravenous antibiotics were
continued until microbiological results were avail-
able. Thromboprophylaxis consisted of foot pumps,
thromboembolic deterrent stockings and low
molecular weight heparin. Patients were initially
placed on °‘slings and springs’ for two days, then
mobilised weight-bearing as tolerated after post-
operative radiographs, with an abduction brace if
abductor control was poor. At six weeks, once
active hip abduction had been achieved and satis-
factory radiographs obtained, full weight-bearing
was allowed.

RESULTS

One patient died 15 days post surgery from bron-
chopneumonia, the remaining 14 patients were
available for follow-up at a mean time of 64 months
(43 to 99) (table I). As defined by Gross et al (24),
the operation was successful in 12 of 14 patients
(86%). Two patients failed to obtain an increase in
HHS of > 19. No patients required further femoral
reconstruction and all implants were radiologically
stable at last follow-up. There have been no cases of
aseptic loosening and all patients noted a significant
improvement in their pain. Trendelenburg sign was
positive in 11 of 14 patients (79%) post-operatively
compared with 15 patients (100%) pre-operatively.
Mean postoperative knee flexion was 84° (10° to
110°) and mean leg length discrepancy was 1.2 cm
(0 to 6).
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Mean HHS significantly improved from 28 (13
to 49) pre-operatively to 69 (39 to 85) post-opera-
tively (paired t-test, p <0.0001). Mean TESS
increased significantly from 26% (14 to 40) pre-
operatively to 71% (35 to 82) post-operatively
(paired t-test, p < 0.0001). Of the two patients with
poor scores, one required an excision arthroplasty
for infection and the other had multiple joint pathol-
ogy which compromised function.

Acetabular components were placed in 15° to 20°
of anteversion and 50° or less of inclination. The
femoral components were placed in neutral version.
Post-operative radiographs confirmed the compo-
nents to be well fixed and in satisfactory positions
in all cases.

No progressive radiolucent lines were noted
around any of the acetabular components at any
stage of follow-up. One stem (in an infected THR
case) showed evidence of progressive loosening at
last follow-up, but in view of the absence of new
correlating clinical symptoms, no action has been

Fig. 4. — Bone ingrowth (white arrow) around the HA-col-
lar forming an extra-cortical bridge, which helps seal the
cement-stem interface from wear debris.
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taken. Bone ingrowth around the HA-collar was
noted in 7 of the 14 patients (fig 4).

Implant survivorship with prosthesis revision as
the endpoint was 87% (13 of 15) at five years
(fig 5). Dislocation was seen in two patients at a
mean time of 3 months (1 to 5). One patient with a
36 mm femoral head dislocated on the first post-
operative day. This was managed by open reduction
and insertion of a constrained acetabular liner. The
patient currently requires one crutch to mobilise.
The other patient had a 32 mm femoral head which
dislocated at 5 months. This was successfully man-
aged by closed reduction and bracing. This patient
was walking unaided at last follow-up.

Failure of implant (revision as end point)
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Fig. 5. — Kaplan-Meier survival curve with implant revi-
sion as the end-point and 95% confidence intervals.

Cultured organisms from the infected THR’s
included methicillin-resistant staphylococci, coagu-
lase-negative staphylococci and enterococcus. Deep
infection was eradicated in 7 of 9 patients (78%),
however there was failure to eradicate deep infec-
tion in two. One patient underwent excision arthro-
plasty at 43 months. This patient noted an improve-
ment in pain but had poor mobility, requiring a
frame to mobilise. The other patient was managed
by debridement and suppressive oral anti-antibiotic
therapy. Both patients reported improved function
and pain compared with their pre-operative state at
final follow-up.
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Case/sex/ | Original Indication Length of | Acetabulum | Head size | Follow-up | Complication | Pre-op | Post-op
age (years) |pathology * resection | preparation (mm) (months) HHS/ | HHS/
(mm) TESSf | TESS
1/F/78 OA Infected THR 45 Uncemented 36 99 nil 28/29 | 76/71
2/F/70 Femoral | Infected non- 40 Uncemented 32 43 Deep infection — | 27/24 | 39/35
neck frac- | union and DHS girdlestone at 43
ture hardware failure
3/M/74 Femoral Infected non- 50 Uncemented 32 85 Dislocation — 24/15 | 75/82
neck frac- | union of DHS closed reduction
ture fracture fixation
4/M/53 OA Infected THR 80 Uncemented 36 72 nil 36/31 | 71/74
5/M/34 RA Aseptic loosening 30 Uncemented 32 72 nil 29/20 | 65/60
6/M/60 OA Peri-prosthetic 90 Old cemented 28 68 Superficial wound| 18/14 | 85/78
fracture cup retained infection
7/F/72 OA Aseptic loosening 45 Uncemented 32 62 nil 42/38 | 72/80
and recurrent dis-
location
8/M/59 OA Infected THR 90 Uncemented 36 61 dislocation — open| 49/40 | 71/79
reduction and
change of liner
9/F/79 OA Peri-prosthetic 55 Uncemented 32 60 nil 13/18 | 79/76
fracture
10/F/85 OA Painful excision 65 Uncemented 32 60 nil 22/20 | 67/72
arthroplasty with
LLD
11/M/87 | OA Aseptic loosening 50 Cemented 32 1 aspiration pneu- |20/14 | Died
monia
12/F/68 OA Infected THR 60 Uncemented 32 59 nil 25/32 | 76/74
13/M/80 | Femoral Infected THAR 50 Uncemented 36 55 nil 31/30 | 70/79
neck frac-
ture
14/M/74 | OA Infected THR 55 Uncemented 28 52 Persistence of 26/36 | 42/60
deep infection —
antibiotic sup-
pression
15/F/49 DDH (mul-| Infected non- 50 Uncemented 36 50 nil 31/27 | 73/68
tiple sur- | union of proximal
geries) femoral fracture

* OA, osteoarthritis, RA, rheumatoid arthritis, DDH, developmental dysplasia of the hip.
T THR, total hip replacement, DHS, dynamic hip screw, LLD, leg length discrepancy.
+ HHS, Harris Hip Score, TESS, Toronto Extremity Salvage Score.
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DISCUSSION

Managing femoral bone stock deficiency in revi-
sion hip surgery can be challenging. Where there is
inadequate femoral bone to support a long-stemmed
implant, options include excision arthroplasty,
endoprosthetic replacement or proximal femoral
allograft-prosthesis composite. Excision arthroplas-
ty results in poor function (22) and is often not
favoured by the patient especially when previously
mobile. Proximal femoral allografting can provide
good function (34), however is technically difficult,
poses a risk with disease transmission and may be
associated with restricted post-operative weight
bearing and longer operative times (27). There is
also the risk of graft resorption with potential for
infection. For these reasons, custom-made or mod-
ular endoprostheses may be the preferred option in
elderly patients with co-morbidities. In relatively
younger patients with Paprosky IIIB and IV defects,
we use a custom-made ‘internal proximal femoral
replacement’ prosthesis that allows a proximal wrap
of soft tissues and cemented distal fixation (27).

Modular endoprosthetic systems have certain
advantages over custom-made prostheses. They are
available off-the-shelf at lower cost and allow intra-
operative versatility and adjustment to balance
resection margins and stability where there is
uncertainty. Despite their success in neoplastic
disease (7,24), there are few reports for the use of
modular PFRs in non-neoplastic conditions (23,
28,32). Parvizi et al (28) used a modular megapros-
thesis to reconstruct the proximal femur in
43 patients with mean follow-up 36.5 months. They
reported a low infection (2%) and relatively high
instability (19%) rate with a mean HHS of 65. Most
patients were revised for peri-prosthetic fracture
and no patient had pre-existing infection. Follow-up
was limited and the authors did not comment on the
degree of bone loss or the Paprosky grade in their
patients.

The main difference between our study and
previously reported studies of PFRs in non-neo-
plastic disease is the high incidence (60% ; 9 of
15 patients) of patients undergoing the procedure
for infected hip implants. Management of infected
THR’s can take many forms including antibiotic
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suppression (13), early debridement (8), excision
arthroplasty, one-stage revision with antibiotic
loaded cement (29) or bone graft (33) and two-stage
revision using either cemented or uncemented com-
ponents (78). The aim is eradication of infection and
restoration of function. This may be more difficult
in patients with femoral bone stock deficiency due
to the extent of potentially infected bone and some
authors consider this a contraindication to re-
implantation (27,31), such that a three-stage protocol
with bone grafting has been proposed (26). There are
no reports in the literature on the use of PFRs to
eradicate deep infection in the presence of severe
proximal femoral bone loss. We adopt a policy of
two-stage revision with radical excision of infected
bone and meticulous debridement. Following this
approach, 7 of 9 (78%) patients had their infection
eradicated. This rate is less than after conventional
two-stage revision for infection in primary THR (78)
but comparable to that after single-stage revision
(29). The re-infection rate is also comparable to that
when allografts are used (3,26).

Instability is a well-recognised complication for
PFRs in both neoplastic (7) and non-neoplastic con-
ditions (23,28,32). Proposed factors that affect dis-
location in PFRs include resection of the joint cap-
sule, the extent to which the abductor mechanism is
able to be preserved or restored, patient age, head
size and use of bipolar head versus THR. The two
patients who dislocated in our study had a deficient
greater trochanter with no possibility to reconstruct
the abductor mechanism to the endoprosthesis. Our
observed instability rate (14%) is higher than after
conventional revision hip arthroplasty (1), but simi-
lar to that seen for allograft-prosthesis compos-
ites (/7) and other studies of PFRs (32).

The other main concern with PFRs is the risk of
aseptic loosening in both the femoral and acetabular
components. The low incidence of radiolucency
around the acetabular component in this series is
related to the press-fit acetabular component used in
most cases with the potential for biological fixation.
The HA-collar on the femoral side enhances extra-
cortical bone integration with the prosthesis, forming
an extra-cortical bridge, which seals the implant-
cement interface and prevents wear particles from
migrating down the bone-cement interface (21).
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We have classified the femoral defects as
Paprosky grade IIIB and IV to provide clinicians
with a guide as to what femoral defects these pros-
theses may be used in. They can provide good func-
tion with a complication rate comparable to that
seen with other methods of femoral reconstruction.
It is encouraging to note that they may provide a
biological method of fixation with osseointegration
occurring around the HA-collar. Early results are
favourable, although further follow-up is needed to
assess long-term survival.

We conclude that attempting limb salvage with
modular proximal femoral endoprostheses in non-
neoplastic conditions and significant proximal
femoral bone loss is a reasonable alternative to
excision arthroplasty and other reconstructive meth-
ods, especially in elderly patients with multiple co-
morbidities and patients with infected THR’s.
These implants are readily available, achieve imme-
diate distal fixation and allow early weight bearing
and mobilisation. For patients with severe proximal
femoral bone loss complicated by infection, their
intra-operative versatility facilitates two-stage revi-
sion surgery with reported infection eradication
results comparable to those reported with allograft
techniques.
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