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loosening and history of multiple surgeries consist the
most common etiologies. Reconstruction of extensive
bone loss of the proximal femur during a revision hip
artr_\roplasty is a maj_or challenge for even the most ex- INTRODUCTION
perienced orthopaedic surgeon. The amount of femoral
bone loss and the bone quality of the remaining me- Approximately 250000 primary and over 50000 revision
taphyseal and diaphyseal bone dictate the selection of total hip arthroplasty procedures are performed in the
appropriate reconstructive option. These include the  United States each year!. The number of revision total
use of impaction allografting, distal press-fit fixation, hip arthroplasties is expected to tise as the indications for
allograft-prosthesis composites and tumor megapros- arthroplasty will expand due to the aging population and
theses. This review article is a concise review of the the continuous advances in technology and surgical tech-
current literature and provides an algorithmic approach  niques'™”. Massive osteolysis, stress-shielding, peripros-
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thetic infections or multiple revisions can eventually lead
23]

to extensive loss of bone stock in the proximal femur
Additionally, osteolysis due to loosening and wear and
pre-existing osteoporosis may result to deficient femoral
bone stock. Femoral bone loss as a tesult of failed total
hip arthroplasty is a problem that continues to challenge
orthopaedic surgeons. The aim of the present study is to
provide an algorithmic approach for reconstruction of
different types of proximal femoral bone defects through
a concise review of the current literature.

CLASSIFICATION

Multiple systems have been used to classify the severity
of bone loss of the proximal femur. Most of these clas-
sification systems are descriptive of the amount and the
area of bone loss. Using a standardized approach the
investigators try to accurately define the structural integ-
rity of the metaphyseal and diaphyseal bone, suggesting
the available options of implant fixation to the remaining
host bone.

The classifications proposed by (1) the AAOS Com-
mittee on the Hipm; and (2) Della Valle and Paproskym
are most commonly used to describe the amount of
femoral bone loss and propose guidelines for treatment
of each type of proximal femoral bone deficiency.

The AAOS classification divides the femoral bone
defects into segmental and cavitary'”. Segmental defects
include loss of supporting cortical bone, whereas the
cavitary defects are defined as any bony loss of the can-
cellous medullary bone. Malalignment refers to any com-
promise of the femoral architecture and natural geometry
resulting into angular or rotational deformities. Stenosis is
the partial or complete occlusion of the femoral canal as a
result of a previous trauma or hypertrophic bone reaction.
Discontinuity is defined as the loss of cortical continuity
due to pre-existing fracture or established non-union.

The Paprosky classification” of proximal femoral de-
fects is used to assess the amount of bone loss and define
the morphology of remaining proximal femoral bone
stock; it also provides guidelines for treatment. Paprosky
type I defects are characterized by minimal metaphyseal
cancellous bone loss with intact diaphysis. Type I de-
fects have more extensive cancellous bone loss including
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Figure 1 Computed tomography scan images with me-
tallic artifact subtraction and three-dimensional recon-
struction consist a useful tool for precise assessment
of the amount of bone loss and the specific variations
of the femoral anatomy preoperatively. A: Computed
tomography scan image of the left femur (posterior projec-
tion) with metallic artifact subtraction and three-dimensional
reconstruction showing precisely the amount of bone loss of
the proximal part of the femur; B: Coronal; C: Sagittal view
of the same case.

the whole metaphysis down to the level of the lesser tro-
chanter. In type I A defects, there is an extensive bone
deficit of the proximal femur; the metaphyseal bone is
non-supportive; however, there is adequate diaphyseal
bone (intact circumferential bone more than 4 cm in
length) for distal fixation of a cementless stem. In Type
[IB defects the available diaphyseal bone is less than 4
cm in length. Type IV femora have a widened diaphysis
that provides no support for cementless fixation.

PREOPERATIVE PLANNING

Meticulous preoperative planning is of paramount im-
portance before proceeding to a complex revision sut-
gery that includes exchange of the femoral component.
Preoperative planning is helpful in assessing the type of
proximal femur defficiency, evaluating the radiographic
leg length discrepancy and selecting the proper implant in
terms of size, length and offset. Calibrated X-rays of the
pelvis and the affected hip in 2 projections (anteropos-
terior and lateral) are required in order to better evaluate
the amount of bone loss, classify the bony defect and
select the optimal reconstructive optionm.

However, plain radiographs are not always sufficient

to assess with accuracy the amount of bone loss and the
quality of remaining bone. Computed tomography (CT)
scans provide superior image quality and may be processed
and reconstructed into 3 dimensional projections that are
extremely valuable for preoperative planning and implant
selection. However, metallic artifacts may limit the clarity
of imaging especially in the presence of metal implants in
the under-study area. In complex cases, CT scan images
with metallic artifact subtraction and three-dimensional
reconstruction consist a useful tool for precise assessment
of the amount of bone loss and the specific variations of
the femoral anatomy preoperatively (Figure 1).

Magnetic resonance imaging (MRI) has gained popu-
larity in assessing the integrity of soft tissue and espe-
cially of the abductor musculature in a painful THA.
Especially, in the presence of metal-on-metal articulation
identification of potential adverse reaction to metal de-
bris is of significant importance. Metal artifact reduction
MRI appears to be the most useful tool for diagnosing,
staging and monitoring these types of adverse reactions
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Figure 2 Metal artifact reduction magnetic resonance imaging (coronal
view) showing the adverse reactions to metal debris and formation of
pseudocapsules in both hips following bilateral total hip arthroplasties
with modular necks.

Figure 3 Anteroposterior radiograph of bone loss. A: Anteroposterior (AP)
radiograph of the right hip showing minimal bone loss of the proximal metaphy-
seal bone secondary to periprosthetic hip infection. A antibiotic cement spacer
was implanted after irrigation and debridement during the first stage of a two-
stage exchange arthroplasty; B: AP radiograph of the same hip after the second
stage. The metaphyseal bone loss was minimal and a cementless primary
stems with common length and geometry was used.

to metal debris” (Figure 2).

RECONSTRUCTIVE OPTIONS

Revision of the femoral component and reconstruction
of a femur with severe bone loss is a complex procedure.
Improvements in prosthetic designs and implant materi-
als have been associated with superior clinical outcomes
and better implant survivorship.

The main objectives of femoral reconstruction duting
revision hip surgery are to preserve the remaining bone
of the femur, as much as possible, and to provide a stable
implant fixation. Restoration of hip function, joint stabil-
ity and leg length equality are important goals of recon-
structive procedure™,

An algorithmic approach to restore the bone defect
of the proximal femur based on previously published
classification systems is presented in Table 1,

According to Paprosky classification”, type I proximal
femoral defects that are characterized by minimal meta-
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Figure 4 Extensively porous coated stems. A: Anteroposterior (AP) radio-
graph of the pelvis demonstrating bilateral total hip arthroplasties. In right hip
there is evident loosening of the femoral stem and extensive metaphyseal can-
cellous bone loss with some diaphyseal bone loss, which is limited to less than
4 cm of diaphyseal bone; B: AP radiograph of the same hip post revision using
an extensively porous coated stem.

physeal cancellous bone loss with intact diaphysis may be
easily reconstructed using cementless or cemented pri-
mary stems with common length and geometry (Figure 3).
No additional mode of fixation (fully porous coating or
distal fixation implants) is usually required.

In type I defects, with extensive metaphyseal bone
loss and intact diaphysis, the reconstructive options are
associated with the quality of metaphyseal bone. Modu-
lar stems with proximal fixation are preferred"™. This
permits load transfer through the proximal metaphyseal
bone more physiologically. However, when the medial
cortex of the femoral neck is compromised a calcar re-
placement stem may be used in order to provide a more
secure proximal fixation and accurately restore leg length.
In a recent study, Emerson ¢ a/” showed that calcar re-
placement stems with 40% porous-coating have excellent
clinical outcome with a very low incidence of mechanical
failure (3%). Ninety-four percent of these stems remain
in-situ 11.5 years after implantation, which is a superior
outcome comparing to most cemented femoral revision
series’”.

In type IMA defects, the cancellous bone of the
proximal femoral metaphysis is defective; However, the
femoral diaphysis is still intact and more than 4 cm of
cortical bone is available for distal fixation. This type of
femoral defects requires the use of cementless stems with
distal (diaphyseal) fixation""". Extensively porous coated
stems (Figure 4) or modular stems (Figure 5), which are
fluted distally and porous coated proximally, may be used
to achieve adequate diaphyseal fixation!™>'", Under-sizing
of the femoral component is the most frequently referred
cause of failure that leads to implant subsidence and loss
of mechanical supportm’m. Meticulous preparation of
the femoral canal is of paramount importance in order
to achieve optimal fit and fill of the stem to the femoral
canal and secure fixation of the flutes into the cortical
bone!™'".

In the type IIB femoral defects, less than 4 cm of
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Table 1 Algorithmic approach of proximal femur reconstruction according to Paprosky classification

Type Description Treatment option
I Minimal metaphyseal cancellous bone loss Cementless or cemented primary stems with common length and
Intact diaphysis geometry
I More extensive cancellous bone loss including the whole Proximally fixed stem (usually modular)
metaphysis down to the level of the lesser trochanter Calcar replacement stem if medial cortex of the femoral neck is
compromised
A Extensive metaphyseal and diaphyseal bone loss of the femur; Cementless stems with distal (diaphyseal)
More than 4 cm of diaphyseal bone are available for distal fixation Extensively porous coated stems
of cementless stem Modular stems fluted distally and porous coated proximally
B Available diaphyseal bone is less than 4 cm in length Extensively porous-coated stems
Impaction grafting + cemented stem
Modular cementless tapered fluted stem
I\Y% Widened diaphysis that provides no support for cementless Impaction grafting + cemented stem

fixation

Allograft prosthetic composite
Tumor megaprosthesis

A

Figure 5 Modular stems. A: Preoperative anteroposterior (AP) radiograph of
a dislocated left hip with a paprosky type IIA defect; B: Postoperative AP radio-
graph of the revised hip with a modular stem.

intact diaphysis is available for distal fixation. The use
of extensively porous-coated stems have been associ-
ated with poor survivorship and therefore they are not
recommended. The current literature includes a number
of studies presenting cementless femoral revisions using
extensively porous-coated stems. Lawrence ef al"™ showed
that 5.7% of these stems failed and needed revision of
the femoral implant 7.4 years post operatively. In an-
other study, Weeden and Paprosky found that extensively
porous-coated revision stems are associated with an inci-
dence of aseptic loosening and mechanical failure of 4.1%
after a 14.2 years postoperatively“41.

Impaction grafting of the defective femur and recon-
struction using a cemented stem would be a favorable
option for this setting**. In a study of Lamberton at
al., the technique of impaction allografting and use of
cemented revision stem was presented"”. The authors
included a cohort 540 revision arthroplasties and showed
that the survival rate of impaction grafting is approxi-
mately when considering the aseptic loosening and revi-
sion for any reason as the endpoints is 98% and 84%
respectively after a mean 10 years of follow-up. Disloca-
tion (4.1%) and femoral fracture (5.4%) were shown to
be the most common complications of this procedure. In
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Figure 6 Newer stem designs with modular configuration have been as-
sociated with lower rates of subsidence and improved restoration of limb
length and femoral offset. A: Anteroposterior (AP) radiograph of the left hip
showing extensive bone loss of the proximal metaphyseal bone with significant
diaphyseal bone loss (Paparosky type IIB) secondary to periprosthetic hip infec-
tion. A antibiotic cement spacer was implanted after irrigation and debridement
during the first stage of a two-stage exchange arthroplasty; B: AP radiograph of
the same hip after the second stage using a distal fixation taper fluted stem.

another study, incorporating the data from the Sweedish
registry, that included 1305 revisions of the femoral com-
ponent and reconstruction using the impaction grafting
technique found that the survival rate at 15 years postop-
eratively was very high approaching 94%!!. The effect
of surface finish of the femoral components still remains
debatable. Polished stems without collar and roughened
stems with a collar have been both used. Studies from
the current literature have failed to reveal any statistically
significant difference on the clinical outcome and the
survivorship of these arthroplasriesp”. However, the tech-
nique of impaction grafting is challenging and time con-
suming. Specialized instrumentation and a large volume
of cancellous bone allografts are requiredm]. Therefore,
reconstruction with a modular cementless tapered fluted
stem would be a viable alternative option.

Tapered fluted stems have been historically suscep-
tible to subsidence and associated with high dislocation
rates™ ™!, Newer stem designs with modular configura-
tion, which allow independent size selection of the proxi-
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Figure 7 Multiple osteotomies allow for restoration of the anatomical axis
of the femur, an easier access of the distal segment of the modular stem,
thus reducing the risk of femoral fracture or perforation of the cortex. A:
Anteroposterior (AP) radiograph of the left hip showing a cemented femoral
component that is failed in varus, resulting in a slight angular malalignment of
femur; B: AP radiograph of the same hip after revision of the femoral compo-
nent using a modular stem, which combines both proximal metaphyseal and
distal fixation due to the taper design and the distal flutes. A healed corrective
osteotomy at the level of the mid-diaphysis facilitated the insertion of the stem
and correction of the angular deformity to its neutral axis.

mal and distal segments, have been associated with lower
rates of subsidence and improved restoration of limb
length and femoral offset (Figure 6). Mechanical failure
of the modular taper due to fretting corrosion has been
reported”. For this reason, several authors recommend
the use of some kind of additional structural support to
the proximal body of the prosthesis by using allografts
or by wrapping the remaining host bone around the
proximal segment of the modular stem””. A recent ret-
rospective multicenter study that included a series of 143
hips reconstructed with the same modular fluted tapered
stem, found that the mean survivorship of these stems
reaches 97% at an average 40 mo follow-up while the
mean subsidence was 2.1-mm'""”, These components may
be combined with various types of single or multiple
femoral osteotomies (7.e., sish-kebab technique); multiple
osteotomies allow for restoration of the anatomical axis
of the femur, an easier access of the distal segment of
the modular stem, thus reducing the risk of femoral frac-
ture or perforation of the cortex™ (Figure 7) .

Type IV femoral defects are the most challenging
subtype because there is no intact isthmus to provide
adequate distal fixation of the component. For this rea-
son, the treatment options include reconstruction of the
femoral canal with impaction grafting and insertion of a
cemented stem or using a tumor megaprosthesis to re-
place the defective proximal femur™,

The use of allograft prosthetic composite (7., com-
bination of a cemented long stem and a bulk allograft of
the proximal femur) that is attached to the host bone dis-
tally is another reconstructive option”* Y, This technique
has attracted interest because it may potentially preserve
the existing bone stock and establish a good bony foun-
dation for future revisions, especially in younger patients.
The allograft offers mechanical properties similar to the
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patient’s own bone and allows reconstruction of sizeable
deficits. This may be considered as a biologic reconstruc-
tive option; except for the preservation of bone stock,
the use of a structural allograft may allow for reattach-
ment of the hip abductors in an effort to preserve hip
function and gait{3’29’33].

The technique of reconstruction of large defects of
the proximal femur using an allograft-prosthesis compos-
ite is very demanding, An appropriately sized allograft is
osteotomized at the desired subtrochantetic level in order
to match the bony defect of the proximal femur. Next,
the allograft is reamed and broached and a long stem is
cemented at the back table (Figure 8). Then, the allograft-
prosthesis composite is implanted to the native femur
with the use of cement or not, depending on the selected
type of implant and the quality of host bone (Figure 9).
Although the issue of proximal cementing of the stem
into the proximal femoral allograft is well documented by
Haddad ez o/ and Gross et al™ showing that there is a
high failure rate in cases of cementless fixation, there is
no such a reconciliation regarding distal fixation into the
host bone. In a recently published study, we have found
that there is no statistically significant difference between
cemented and cementless fixation regarding implant sur-
vivorship. Gross ez al*” however have shown cementing
the allograft-prosthesis composite distally into the host
bone should probably be avoided because it might com-
promise the distal femur during future revision.

Size matching of the allograft to the host bone may
be problematic, and has been addressed by the use of ad-
ditional cortical struts and circumferential cables or wites.
Intussusception of the allograft bone into the host bone
has also been reported in cases of significant allograft-
host canal mismatch™". When rigidly fixed, strut grafts
may also provide an extensive surface area of contact
with the host bone for supplemental union and incorpo-
ration”". Several techniques have been utilized in order to
improve the rotational stability of the whole construct,
including different types of osteotomies (oblique, step-
cut, lateral sleeve) or stabilization with the use of ad-
ditional hardware (plates and screws, plates and cables,
strut grafts and cables).

While the published results of APC technique have
been encouraging, they have generally involved relatively
short-term follow-up. However, interpretation of many
clinical studies is problematic because they use different
(or no) classifications for proximal bone loss and utilize
different surgical techniques of allograft fixation. The
reported survival rates of APC reconstruction vary in the
current literature, ranging from 72 to 90 percent at five
years and 64 to 86 percent at ten yearsps’w“]. We have
recently published a study with probably the longest clini-
cal follow-up showing a survival rate that reaches 92.7
percent at two years 78.2 percent at five years, and 69
percent at ten yearsm.

Allograft resorption has been reported as the major
concern, which has been occasionally associated with ear-
ly failures and could be a significantly greater problem at
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Figure 8 The allograft is reamed and broached and a long stem is cemented at the back table. A: Intraoperative picture demonstrating the allograft-prosthesis
composite preparation. An allograft of appropriate size is osteotomized at the desired subtrochanteric level in order to match the bony defect of the proximal femur.
The allograft is reamed and broached and a long stem is cemented at the back table; B: Intraoperative picture showing the allograft-prosthesis composite with a lateral
sleeve that offers a wide area of bone contact with the distal host femur. Circlage cables are used to secure the allograft-host bone fixation.

Figure 9 The allograft-prosthesis composite is implanted to the native
femur with the use of cement or not, depending on the selected type of
implant and the quality of host bone. A: Anteroposterior (AP) radiograph of
the pelvis demonstrating a Paprosky type IV femoral defect of the left hip as a
result of a periprosthetic infection. The femoral canal is widened and there is no
sufficient diaphyseal support for future cementless fixation; B: Postoperative AP
radiograph of the left hip showing reconstruction of the proximal femoral defect
with the use of an allograft-prosthesis composite. Remnants of the host bone
are wrapped-around the femur at the level of the allograft-host bone junction in
order to improve incorporation of the allograft to the host femur.

a longer follow—upm’m. Immunological matching between
allograft and host femora, condition of the soft tissues
attachments and vascularity of the host bed are other
parameters that may affect incorporation of the allograft
and could be related to the survivorship of the APC re-
constructions’” ",

Resorption of the allograft is a potential complica-
tion. Resorption is usually found at the periosteal surface
of the allograftps’“’w. A possible explanation is that the
cement on the endosteal surface inhibits access by host
granulation tissue™ . Contrarily, on the periosteal sur-
face there is access to host tissue and, therefore, neo-vas-
cularization may lead to bone resorptionl38’43’44j. By using
strong cortical allograft bone, this process is expected to
be evident at a later stage, and therefore composite graft-
cement-implant reconstructions should last for an ade-
quate period of time. Gross e7 al” reviewed 168 proximal
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femoral allografts reporting only one significant and six
minor resorptions at an average follow up of 4.8 years.
In another study, Masti ¢z a/* found four mild and ten
severe resorptions in thirty-nine cases at mean 5.1 years
postoperatively. Haddad ez al*" used cementing technique
to both proximal and distal femur in forty femoral revi-
sions and found nine cases with mild resorption, four
with moderate, and seven with severe resorption, which
resulted in an overall 50 percent resorption rate at 8.8
years. Blackley ez al™ opted to wrap the remnants of the
proximal femur around the allograft; the authors found
twelve mild to moderate and only one severe resorption
in forty-eight allograft-prosthesis composites eleven years
post revision surgery. Safir ¢ al'” conducted a study with
a minimum 15 year-follow-up, and showed that minor re-
sorption was radiographically evident in 93 hips resulting
in an overall resorption rate of 58%.

The literature shows a large variety of complica-
tions and a wide range of complication rates associated
with proximal femur reconstructions using APCs. Hip
dislocations, allograft-host bone junction non-unions,
postoperative infections, periprosthetic fractures and
aseptic loosening of the femoral components are the
most significant complications. The incidence of these
complications is quite variable: Hip dislocation is seen
in 3.1% to 54% of cases, nonunion of the allograft host
bone junction in 4.7% to 20%, trochanteric non union in
25%to 27%, postoperative infection in 3.3% to 8%, peti-
prosthetic fracture in 2% to 5%, and aseptic loosening in
1 to 12 percen (329,3032.33,35,36,38.4145,48]

Proximal femur replacement using the so-called
“mega-prostheses” is an alternative option in cases of
severe proximal femoral bone loss™*"” (Figure 10). These
implants are primarily designed for reconstruction of
large bony defects after tumour resection, but they have
also been utilized to replace the deficient proximal femur
during hip revision surgery. In general, our philosophy is
to use proximal femoral replacement implants in older,
less active patients. The Mayo experience with proximal
femoral replacement prostheses”™ showed survivorship
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Figure 10 Proximal femur replacement using the so-called “mega-pros-
theses” is an alternative option in cases of severe proximal femoral bone
loss. A: Anteroposterior (AP) radiograph of the pelvis showing a left revision total
hip arthroplasty in a 82-year-old male patient with an extensive structural defect of
the lateral femoral cortex resulting in a painful and mechanically loose construct of
a periprosthetic hip fracture; B: Postoperative AP radiograph of the right hip show-
ing the replacement of the proximal femoral with a megaprosthesis.

of the femoral component, with revision as the endpoint,
of 81 per cent at eleven years. However, the improvement
in function was not statistically significant. Deficiency of
the abductor mechanism or inability to secure the abduc-
tor mechanism to the metal surface of the implant is a
major concern associated with the use of megaprosthe-
ses”. New prosthetic designs offer several options for
re-attachment of the abductors. However, insufficiency
of their function is associated with high dislocation rates,
which still remains the major drawback of this type of
reconstruction. Nonetheless, current proximal femur re-
placement may be best suited for the elderly and inactive
patients for whom resection arthroplasty would probably
be the only alternative™™".

CONCLUSION

Reconstruction of the proximal femur during revision
surgery is a challenging procedure. The remaining sup-
portive bone of the metaphyseal and diaphyseal seg-
ments of the femur is the main contributing factors to
determine the selection of the appropriate reconstructive
option during revision surgery. Planning ahead is always
essential to assure that multiple reconstructive techniques
will be available at the time of surgery.

With regards to reconstruction of massive proximal
femoral bone defects allograft-implant composites con-
sist a more biologic reconstructive technique. This is a
very demanding and challenging procedure that requires
meticulous preoperative planning; it is time-consuming
and potential intraoperative modifications may be
needed. Ten-year survival rates reach 70%. Considering
the complexity of these cases, the reported clinical and
radiographic outcome of APCs is satisfactory. A stable
allograft-host junction is essential for success. Allograft-
host femoral canal mismatch can be managed with the
intussusception technique, which is a good alternative
over standard step-cut osteotomies. Distal fixation can
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be achieved using either cemented or cementless stems
without compromising total survivorship. Proximal fe-
mur replacement consists a viable alternative that is best
suited for elderly and inactive patients.
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