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Proximal Femoral Replacement and Allograft
Prosthesis Composite in the Treatment of

Periprosthetic Fractures with Significant Proximal
Bone Loss

Mohammad R Rasouli, MD, Manny D Porat, MD, William J Hozack, MD, Javad Parvizi, MD, FRCS
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Femoral bone loss due to periprosthetic fracture, a challenging problem in total hip arthroplasty (THA), is increasingly
encountered due to a rise in the number of revision THAs performed. Allograft prosthesis composite (APC) and
proximal femoral replacement (PFR) are two available options for management of patients with difficult type-B3

Vancouver periprosthetic fractures. The treatment algorithm for patients with these fractures has been extensively
studied and is influenced by the age and activity level of the patient. APC is often preferred in young and active patients
in an attempt to preserve bone stock while older and less active patients are considered candidates for PFR. In spite
of the high rate of overall complications with these two procedures, reported survivorship is acceptable. Treating
patients with these complicated fractures is fraught with complications and, even with successful treatment, the
outcomes are not as promising as those associated with primary hip replacement. In this paper, we aimed to review
available published reports about PFR and APC for treatment of periprosthetic fractures around THAs.
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Introduction

Femoral bone loss is a challenging problem that is increas-
ingly encountered during total hip arthroplasty (THA)1.

With the increasing number of revision THAs being per-
formed, durable solutions for femoral bone loss are needed2.
Numerous mechanisms, including infection, mechanical loos-
ening, osteolysis secondary to particle debris, stress-shielding
with adaptive bone remodeling, and non-union may cause loss
of proximal femoral bone stock after THA1,3–5. The integrity of
the bone stock in the proximal part of femur can be compro-
mised by insertion and removal of implants during prior
reconstructive procedures as well as by periprosthetic frac-
tures6. This paper aims to review management of peripros-
thetic fractures around THA with significant bone loss.

Methods

We limited the literature search for this review to PubMed
and Google Scholar. We used the key phrases of “proxi-

mal femoral replacement”, “allograft prosthesis composite”
and “periprosthetic fracture” to identify related articles. We
expanded the literature search in PubMed using related cita-
tion options.

Epidemiology

Periprosthetic fractures are an important cause of proximal
femoral bone loss. These fractures can be divided broadly

into two groups: intraoperative and postoperative. Intraopera-
tive fractures generally occur during insertion of stems7.
With the significant increase in the number of THAs being
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performed and the longevity of patients after THA, the inci-
dence of periprosthetic fractures is expected to increase8–10.

The reported incidence of periprosthetic fractures
around THAs varies based on type of prosthesis (cemented or
cementless) and type of surgery (primary or revision).
Periprosthetic fractures of the femur are more frequent during
cementless arthroplasties and following revision THA. Berry
reported an incidence of 0.3% in primary cemented and 5.4%
in primary cementless THAs11. In revision surgeries, the inci-
dence is reportedly as low as 3.6% for cemented prostheses and
as high as 20.9% for cementless implants7. Overall, the
reported rate of periprosthetic fractures varies from 0.1% to
46%1,12. Risk factors for intraoperative periprosthetic fractures
include the use of minimally invasive techniques, female sex,
metabolic bone disease, bone diseases leading to altered bone
morphology (e.g. Paget’s disease), and technical errors at the
time of surgery12,13.

Classification of Periprosthetic Fractures

Of all the suggested classification systems for periprosthetic
fractures, the Vancouver Classification is the most widely

utilized14. This validated classification system has been shown
to have high inter- and intra-observer reliability, and therefore
is an accurate tool for guiding therapeutic plans15,16. The Van-
couver classification divides periprosthetic fractures into types
A, B, and C and further categorizes type B fractures into three
subtypes, B1, B2, and B3 fractures. In addition, it defines type-A

fractures as fractures around the trochanteric region of the
femur and subdivides them into AG (involvement of greater
trochanter) and AL (fracture of lesser trochanter). Vancouver
type-B1 periprosthetic fractures are fractures distal to the inter-
trochanteric region around prostheses in which the femoral
stem remains well-fixed. Vancouver type-B2 fractures also
occur around the femoral stem but lead to loosening of the
stem or involve the cement mantle around the femoral stem.
Vancouver type-B3 fractures occur in the proximal femur with
deficient bone and have associated loosening of the femoral
stem. Vancouver type-C fractures are below the tip of the com-
ponent. Vancouver types B2 and B3 periprosthetic fractures are
displayed in Fig. 1.

An algorithm for management of periprosthetic frac-
tures around THAs has been described by Parvizi et al.8 In
brief, type-A fractures are commonly treated non-operatively
unless they extend into the calcar region and will therefore
affect stability; they then necessitate cerclage wiring with or
without bone grafting8,17. Revision arthroplasty may be neces-
sary in some cases of Vancouver type-A periprosthetic frac-
tures in which the underlying cause is wear and osteolysis17.

Cable/cerclage wiring plus or minus plate fixation is used
for treatment of type-B1 Vancouver fractures with an intact
medial cortex and calcar region, whereas those with involve-
ment of the medial cortex or short transverse fractures will
benefit from both plate fixation and possibly use of a cortical
strut allograft8,17,18. The principals of management of type-B1

Fig. 1 (A) Radiographs showing Vancouver type-B2 and (B) type-B3 periprosthetic fractures.
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fractures include direct anatomic fracture reduction with
minimal soft tissue stripping to maintain healing potential.
The fracture should be stabilized with dynamic compression
plates and screws as well as locking screws to maximize initial
stability. The use of cables/wires and cortical allograft helps to
reinforce the construct and can restore bone stock. Although
there is disagreement regarding the method of fracture fixa-
tion, there is universal agreement that the stem does not need
to be revised and anatomic reduction, when possible, should
be the goal. In contrast, revision arthroplasty is commonly
used for management of type-B2 Vancouver fractures17. Man-
agement of type-B3 periprosthetic fractures is more challeng-
ing and is the main focus of this review article. Treatment of
these fractures depends on the patient’s age and activity level.
Currently, there are two main treatment options for Vancouver
type-B3 fractures with severe proximal bone loss: allograft
prosthetic composite reconstruction and proximal femoral
replacement17. Some studies have also described techniques
involving revision arthroplasty with the use of a modular
fluted stem19,20. In this review however, we discuss the current
literature on allograft prosthesis composite (APC) and proxi-
mal femoral replacement (PFR) for management of peripros-
thetic fractures around THAs.

Allograft Prosthetic Composite

For management of type-B3 Vancouver periprosthetic frac-
tures in need of reconstruction with massive femoral bone

loss, long term studies have shown that APC has satisfactory
results as judged by pain relief and functional outcome 21,22. In
young and active patients, APC is considered the preferred
method for reconstruction of proximal femoral bone defects17.
In addition to type-B3 periprosthetic fractures, uncontained
segmental femoral defects extending 8 cm into the femoral
diaphysis and severe bone loss compromising distal fixation
are additional indications for APC23. Elderly patients with
extensive comorbidities for whom immediate mobilization
and weight-bearing is necessary and the presence of infection
are contraindications to APC23.

Preoperative Planning
Presence of infection should be ruled out prior to planning for
APC. The initial infection workup should include measure-
ment of serum C-reactive protein concentration and erythro-
cyte sedimentation rate. Patients with increased serum
C-reactive protein concentrations, or a concerning history
such as previous infection, should undergo joint aspiration
and the synovial fluid be analyzed for leukocyte count, neutro-
phil differential, culture, and sometimes frozen section24,25.

Thorough preoperative planning for APC should start
with similar general considerations as for revision THAs. Rel-
evant preoperative planning issues include optimizing the
medical and nutritional status of the patient, accurate physical
examination, ordering of appropriate radiographs, and blood
conservation strategies. Any revision THA can be associated
with significant blood loss because extensive soft tissue dissec-
tion may be needed during surgery. Therefore, an appropriate

blood conservation strategy should be in place for these pro-
cedures. The type of anesthesia plays an important role in
perioperative blood loss; the use of hypotensive regional anes-
thesia techniques reportedly reduces blood loss26. Preoperative
autologous blood donation27 and administration of erythro-
poietin preoperatively28,29 are also reportedly effective in reduc-
ing the need for allogenic blood transfusions. Cell saver, if
available, can be utilized in non-infected cases30.

Important Specific Points about Preoperative Planning of
Allograft Prosthesis Composite
1. Use routine radiographs to determine the approximate

length of allograft needed23.
2. Order allografts longer than the measured femoral deficit in

anticipation of the need for adjustments to the graft23.
3. Do not order allografts with substantial wider diameters

than the host femur. The host femur should dictate the
diameter of the stem because gross mismatches between
host and graft can lead to difficulty when seating the stem23.

Surgical Technique
The surgical technique for APC has been described by Kellet
et al.23 In brief, APC for proximal femoral bone loss begins
with preparation of the graft. The proximal femoral graft, typi-
cally smaller than the diameter of the host, should be fresh
frozen allograft that has been stored at -70°C and irradiated.
The allograft can be thawed in 5% povidone iodine solution
and cultured. The neck is divided approximately 1 cm proxi-
mal to the lesser trochanter and a step cut osteotomy made at
the distal end to enhance rotational stability. If the host tro-
chanter with abductor attachment is available, the greater tro-
chanter can be osteotomized and removed. The graft is reamed
with straight rigid reamers and the femoral component
cemented into the graft to ensure appropriate anteversion of
the prosthesis23. Figures 2 and 3 show the operative technique,
preoperative and postoperative radiographs of a patient with
type-B3 Vancouver periprosthetic fracture who underwent
APC.

Once the APC has been prepared, the patient’s femur is
exposed by an extended trochanteric osteotomy or trochant-
eric slide osteotomy. The femur should be cut down to healthy
stable bone and a corresponding step osteotomy made in
preparation for the APC placement. The APC is telescoped
1–2 cm into the host bone and trimmed as necessary. The
composite is then secured to the patient’s femur with cerclage
cables. The greater trochanter is then attached to the allograft
by drilling holes for stainless steel cerclage wires and fastening
them to the composite23.

Important Specific Points on Postoperative Care of Allograft
Prosthesis Composite
1. Restrict patient weight bearing until signs of graft incorpo-

ration are radiographically visible23.
2. Restrict abduction because early aggressive physical therapy

may comprise repair23.
3. Check graft cultures to ensure no bacterial contamination23.
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Complications
In addition to the common complications of revision THA,
there are reportedly specific complications in patients under-
going APC. The advantages of the use of allograft bone, such as

availability and eliminating harvesting complications, need to
be weighed against the disadvantages, such as a lack of
osteoprogenitor cells and osteogenic factors and potential for
immune reactions and disease transmission31. Junctional non-

Fig. 2 Operative stages of allograft prosthesis composite.

Fig. 3 Preoperative and postoperative radiographs of a patient with a Vancouver type-B3 periprosthetic fracture who underwent allograft

prosthesis composite. (A) Preoperative radiograph (Vancouver type-B3 periprosthetic fracture). (B) Radiograph at 2-year follow-up.
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union (13%), allograft fracture (6.7%), loosening of acetabular
component (6.7%), trochanteric escape (26.7%), allograft
infection (20%), and allograft resorption (20%) were reported
complications in a published series of 15 patients who under-
went APC32. In another report by Babis and colleagues, com-
plications associated with revision surgery, including allograft
non-union, aseptic loosening, allograft resorption, allograft
fracture, femoral stem fracture, and deep infection, were
reportedly as high as 26.5%22. Additionally, 33.4% of patients
in this series needed re-operations without revision of their
APCs mainly due to dislocation (11.1%) and hematoma for-
mation (8.3%)22. The reported rate of allograft resorption
(mild to severe) varies from 3%33 to 50%34 depending on the
duration of follow-up.

Outcome
Treatment of type-B3 Vancouver periprosthetic fractures is
generally associated with high rates of failure and patients
with femoral periprosthetic fractures are at increased risk of
death35,36. In a study published in 2004, outcomes of 15 patients
who had undergone the APC technique to reconstruct failed
THAs were retrospectively reviewed32. The average length of
allograft was 11 cm. At a mean follow-up period of 7.6 years,
10 patients (67%) retained their allograft-prosthesis con-
structs. The average postoperative Harris hip score was higher
than preoperative values. Despite acceptable results, the
authors concluded that long-term follow-up was needed to
assess potential late complications such as infection and graft
resorption32. Most recently, Babies et al. reported a 10-year
survivorship of 69% for APC and suggested that pre-operative
bone loss (Paprosky type IV), multiple previous hip revisions,
and the length of the utilized allograft were predictors of sur-
vivorship22. We have summarized survivorship of APC in
various studies in Table 1. Treatment of failed APC varies
according to the underlying cause of failure. Where the host
bone-allograft junction has failed to unite, treatment can be
observation in asymptomatic cases, internal fixation and bone
grafting, or a second APC21. Loosening of the proximal
allograft can be treated with another APC21. The graft is revised

in cases of graft resorption. Infection of the proximal allograft
can be treated either by another APC as a two-stage revision or
by long-term antibiotic suppression therapy34.

Proximal Femoral Replacement

Elderly and low demand patients with type-B3 peripros-
thetic fractures are potential candidates for PFRs. Proxi-

mal femoral replacements should be thoroughly planned.
However, many consider them to be less technically demand-
ing than APC reconstruction17. The presence of superficial or
deep infection around the hip is an absolute contraindication
to insertion of a megaprosthesis. Relative contraindications
for PFR include uncooperative patients at higher risk of dis-
location, vascular insufficiency that may prevent healing, inad-
equate distal femoral bone stock into which to insert the
femoral component, and presence of significant medical
comorbidities that preclude administration of anesthesia41.

Preoperative Planning
General preoperative planning for PFR is similar to that
described for APC. For preoperative radiologic evaluation,
anteroposterior and lateral radiographs are ordered. Plain
radiographs may underestimate the amount of bone loss, par-
ticularly if significant osteolysis is present42. If there has been a
femoral fracture, or if an osteotomy or another surgical pro-
cedure has been performed on the femur, anteroposterior and
lateral radiographs of the entire femur are critical6. Although
several classification systems have been suggested for bone
loss43, the Paprosky classification44 is the most universally
accepted and utilized. The authors’ preferred methods for
describing the location of bone loss and the presence of lucent
lines in radiographs of the femur and acetabulum are those
outlined by Gruen et al.45 and DeLee and Charnley46. Osseous
integration of the prosthesis is assessed based on the presence
or absence of radiolucent lines and so-called spot welding47.
Radiographs are also evaluated for the presence of heterotopic
ossification, which are graded according to Brooker et al.48

The length of the femoral component is determined
through careful preoperative and intraoperative assessments.
Correct leg length can be determined by two methods. The first
is to apply traction to the limb and measure from the cup to the
host bone osteotomy site. The second and preferred method is
to place a Steinmann pin in the iliac crest to measure a fixed
reference point on the femur before dislocation. The soft tissue
tension about the hip is the main determinant of femoral
prosthesis length6,41.

Surgical Technique
Only extensile surgical approaches allowing for wide visualiza-
tion should be employed for PFR placement. It is the authors’
experience that either modified Hardinge or posterolateral
Moore approaches should be used for dissection when per-
forming PFRs. If the proximal femur is intact, an osteotomy to
split it may be required to facilitate removal of the previous
prosthesis and/or hardware. Efforts should be made to maxi-
mize the length of the native femur because the outcome of

TABLE 1 Reported survivorship of allografts after allograft
prosthesis composite in different studies

Author (Year) Number of hips
Survivorship of allograft

(mean follow-up)

Head et al. (1987)37 22 73% (2 years)

Gross et al. (1995)38 130 85% (4.8 years)

Haddad et al. (2000)34 55 89% (8.8 years)*

Blackley et al. (2001)39 48 77% (11 years)

Maury et al. (2006)21 25 84% (5.1 years)

Safir et al. (2009)40 93 82.2% (15 years)

*Five additional patients who also needed revision due to acetabular
failure were not included for calculation of survivorship.
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PFR is influenced directly by the length of the remaining
femur41. The prosthesis can be assembled and then cemented
distally, or the stem can be cemented and the body then
assembled onto it. In any case, extreme care needs to be exer-
cised to prevent rotational mal-positioning, which can affect
the final stability of the hip. Once the long-stem trial prosthesis
is in place, correct leg length can be accurately restored. Bal-
ancing tension, restoration of limb length, and avoidance of
excessive tension on the sciatic nerve is of greatest impor-
tance6,41. Figure 4 shows preoperative and postoperative radio-
graphs of a patient with a type-B3 Vancouver periprosthetic
fracture managed by PFR.

Pearls and Pitfalls in Proximal Femoral Replacement
One of the major issues with PFR is instability because the
abductor mechanism is often deficient from previous surgery,
bone loss, or poor soft tissue envelope. Thus, it is very impor-
tant that the abductor mechanism and proximal bone,
however poor in quality, is maintained, wrapped, and attached
to the prosthesis if possible. The other issue with PFR relates to
poor bone stock and the difficulty in obtaining good stability
of the prosthesis. Although uncemented proximal replacement
components are available, most surgeons prefer to cement the
prosthesis into distal bone for more predictable and secure
fixation17.

Postoperative Care
Patients should commence protective weight bearing on post-
operative day one. We recommend the use of abduction ortho-

sis for all patients6. Once the fracture has healed and its
components show early signs of osseo-integration, weight
bearing is increased and abductor strengthening exercises
introduced. This usually occurs at approximately 6 to 8 weeks
postoperatively17.

Complications
Early studies have reported various complications following
PFR, including dislocation, infection, fracture, and leg length
discrepancy. High rates of radiolucencies around the acetabu-
lum and femur, aseptic loosening, and catastrophic failure of
the socket in patients with poor bone stock are other reported
complications of PFR6. Of these complications, dislocation is
the most frequent, occcuring in 18%–50% of patients45.

Outcome
In 1981, Sim and Chao reported on the use of megaprostheses
for reconstructing 21 proximal femurs without neoplastic
involvement49. Of these patients, 10 had a history of failed
arthroplasty with associated structural bone loss. During
25–98 months of follow-up, all patients experienced significant
pain relief. However, one instance of loosening of the acetabu-
lar component occurred in this series of patients.

Malkani et al. evaluated the outcomes of 50 PFRs for
non-neoplastic conditions50. During a mean clinical follow up
period of 11.1 � 4.0 years and mean radiographic follow-up of
7.6 � 3.2 years, they reported improvement in the Harris hip
score. With revision surgery as the outcome measure, the
authors estimated a 12-year survivorship of 64%. Dislocation

Fig. 4 (A) Preoperative and (B) postoperative radiographs of a patient with a Vancouver type-B3 periprosthetic fracture who underwent proximal

femoral replacement.
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was the most frequent complication, occurring in 22% of
patients. Later, Haentjens et al. reported similar results in 19
hips51. They used the Merle d’Aubigne hip-rating scale to
evaluate outcomes of patients at a mean follow-up time of 5
years. They reported good outcomes in nine hips, fair out-
comes in five and poor outcomes in two, of the remaining three
patients two had died and one was lost to follow-up. The rate
of dislocation and infection were 37% and 16% respectively.

Early experience at our institution in patients with failed
hip prostheses and severe bone loss mirrors the results previ-
ously discussed. Parvizi et al. reported a significant improve-
ment in functional outcome (Harris hip score) in 48 patients
from two institutions who had undergone PFR for non-
neoplastic conditions1. The functional outcome was found to
be excellent or good in 22 patients, fair in 10, and poor in 11.
Ten patients required a reoperation or revision because of at
least one complication. Klein et al., also from our institution,
reported the results of PFR following Vancouver type-B3 frac-
tures characterized by severe proximal bone deficiency and
loose femoral stems52. Of the 21 patients enrolled in this study,
all but one was able to walk and had minimal to no pain at the
time of latest follow-up (mean, 3.2 years). The rate of com-
plications, which included persistent wound drainage requir-
ing irrigation and debridement (two), dislocation (two),
re-fracture of the femur distal to the stem (one), and acetabu-
lar cage failure (one), was relatively high.

Most recently, Al-Taki et al. reported on quality of life
of patients who had undergone PFR53. They retrospectively
reviewed 36 patients from their institution using available
validated questionnaires for assessment of quality of life and
functional outcome. At a mean follow-up of 3.2 years,
patients in the PFR group showed improvement in the
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) function, WOMAC pain, Oxford score, and the
mental component of the SF-12. However, the patients in the

PFR group had lower WOMAC function and Oxford scores
than the control group who had undergone conventional
revision THA. The authors concluded that, although the
outcome scores of the PFR patients were lower than were
those of the control group, the patients’ quality of life was
significantly improved. They also found that when disloca-
tion remained a concern, constrained liners should be used.
According to our experience and these studies, PFR is a viable
option for treatment of periprosthetic fractures in low
demand patients with severe bone deficiency in spite of its
relatively high rate of complications. It is the authors’
opinion that, when employing a PFR for revision hip surgery,
the stability of the hip must be tested diligently intra-
operatively and a constrained acetabular liner utilized if
instability is identified. In order to enhance the bone stock
and maintain the soft tissue envelope, the proximal part of
the femur, however poor in quality, should be retained and
re-approximation onto the implant encouraged52.

Summary

Treatment of severe femoral bone loss in the face of
periprosthetic fracture can be an extremely challenging

event that should be planned as thoroughly as possible prior to
entering the operating room. Limited bone stock, poor soft
tissue envelope and patient co-morbidities negatively affect
treatment outcomes. Failure rates for type-B3 periprosthetic
fractures are high despite current treatments35. APC and PFR
are two available options for management of type-B3 peripros-
thetic fractures with significant bone loss23,31. However, it is
recommended that APC should be performed in young and
active patients and PFR reserved for older and less active
patients17. Finally, it should be noted that, even when these
fractures are successfully treated, patients with periprosthetic
femur fracture should be counseled about the multiple com-
plications and increased risk of mortality36.
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