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Classification of Femoral Abnormalities
in Total Hip Arthroplasty
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Bony abnormalities of the femur can significantly
complicate total hip arthroplasty both for the pri-
mary and revision operations. No standard nomen-
clature exists for the description of these femoral
abnormalities. A classification system is presented
to standardize nomenclature, assist in preopera-
tive planning, and to assist in the reporting of these
defects.

Reconstructive surgery of the femur i1s fre-
quently complicated by the presence of bony
abnormalities. These deformities include an-
gular and versional distortions, changes in
the medullary cavity of the femur, and loss of
bone stock from the cortical pillars of the dia-
physis. Although seen in primary cases, these
abnormalities are particularly a problem in
the revision situation. During the past 15
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years, many authors have addressed the pa-
thology and management of bony defects
within the acetabulum.?*'® More recently,
the American Academy of Orthopaedic Sur-
geons (AAOS) Committee on the Hip intro-
duced a comprehensive classification system
of these abnormalities.* Complex deformities
of the femur, both naturally occurring and
after reconstructive surgery, are being seen in
increasing numbers in recent years.>>* This
report represents the collaborate efforts of the
AAOS Committee on the Hip to classify
bony deficiencies of the femur in a uniform
manner. This classification system is simple
and is applicable to both primary and revi-
sion hip arthroplasty. An understanding of
this system will facilitate both preoperative
planning and surgical treatment of femoral
bony deficiencies.

The essential terminology of this system is
maintained from the acetabular publication?
to facilitate continuity. The principles of fem-
oral reconstruction include equalization of
leg lengths and balancing of muscle groups,
particularly the abductor muscles, to restore
the mechanics of the hip. In addition, restora-
tion of femoral integrity, providing pros-
thetic containment, and rigid prosthetic fixa-
tion are goals of femoral reconstruction.!#?

CLASSIFICATION OF FEMORAL
ABNORMALITIES

The classification system of femoral abnor-
malities has two basic categories: segmental
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Level |

Level H

l. Segmental

Level i

F1G. 1. Segmental defect: a loss of femoral cortical bony support. This may occur at Level I (above lower
end of lesser trochanter), Level Il (within 10 cm of lower edge of lesser trochanter), or Level Il (distal to 10

cm below lower edge of lesser trochanter).

and cavitary. As described for the acetabu-
lum, a segmental defect is defined as any loss
of bone in the supporting cortical shell of the
femur (Fig. !). A cavitary defect is a con-
tained lesion and represents an excavation of
the cancellous or endosteal cortical bone with
no violation of the outer cortical shell of the
femur. Ectasia is an enlargement of the femo-
ral medullary canal often associated with
thinning of the diaphyseal cortex (Fig. 2).
Segmental proximal deficiencies can be fur-
ther subdivided into partial or complete. Par-

. Cavitary

tial segmental bone loss can be located anteri-
orly, medially, or posteriorly and can exist
from proximal though any distal level of the
femur. An intercalary defect is segmental
cortical bone loss with intact bone above and
below (i.e., a cortical window). The greater
trochanter is listed as a separate segmental
defect because of the unique and difficult
problems that it can present in femoral re-
construction. Segmental defects may occur
alone or exist in combination with other defi-
ciencies.

Ectasia

Fi1G. 2. Cavitary defect: a loss of cancellous or endosteal cortical bone without violation of the outer
cortical shell. Ectasia is a form of cavitary defect in which the femoral medullary cavity is expanded.
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lil. Combined

F1G. 3. Combined defects: a combination of segmental and cavitary bone loss in the femur. This may
result from osteolysis, stem movement, or iatrogenic circumstances.

Cavitary defects are classified according to
the degree of bone loss within the femur.
Cancellous cavitary defects involve only the
cancellous medullary bone. Cortical cavitary
defects suggest a more severe type of erosion
where, in addition to cancellous ioss, the fem-
oral cortex is eroded from within. Finally, in
its extreme, the femur may become ectatic or
dilated and show complete loss of cancellous
bone, as well as severe cortical erosion and
thinning.

A separate category of combined defects
designates the situation where segmental and
cavitary abnormalities co-exist (Fig. 3). For
example, in cases of failed femoral implants,
a proximal partial segmental defect involving
the calcar to the level of the lesser trochanter

frequently co-exists with a cavitary defect in
the medullary canal of the diaphysis. This
proximal combined segmental and cavitary
defect is the most common defect experi-
enced in revision surgery, often the result of
osteolysis and femoral stem subsidence into
varus.

Next, the classification system addresses
malalignment abnormalities. These distor-
tions can be either in a rotational or angular
direction (Fig. 4). Femoral stenosis is a sepa-
rate category and involves the relative or ab-
solute narrowing of the femoral canal (Fig.
5). Finally, femoral discontinuity describes
the lack of bony integrity that exists with frac-
tures of the femur with or without an implant
present (Fig. 6).

IV. Malalignment

Fi1G. 4. Malalignment: a distortion of the femoral architectural geometry in either the rotational or

angular plane.
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V. Femoral Stenosis

F1G. 5. Femoral stenosis: a partial or complete occlusion of the femoral intramedullary canal. This may
result from bony hypertrophy, fracture, or fixation devices.

LEVEL OF BONE LOSS

To better localize the defects and assist pre-
operative planning, levels of involvement are
given (Fig. 1). Level 1 is defined as bone prox-
1mal to the inferior portion of the lesser tro-
chanter. Level Il is from the inferior lesser
trochanter to 10 cm distal, and Level III in-
volves bone distal to Level II. The inferior
border of the lesser trochanter was chosen as
adividing line because defects below the supe-
rior border require special techniques for re-
construction. Most defects associated with
failed primary femoral implants are incorpo-
rated within Level I or Level II areas. Level
IIT deficiencies represent the most extreme
form of involvement. They are usually the
result of failed long-stem prostheses or from
fracture of the femur.

GRADING SYSTEM

When reporting results using cementless
femoral implants, it is important to grade the
reconstructive effort. The grading system
used here applies in primary hips, but is espe-
cially applicable in the revision surgical situa-
tion. Grade [ is that circumstance where
there is complete prosthetic host bone con-
tact and no bone graft is required. A Grade I1
reconstruction implies incomplete prosthetic
host bone contact where the prosthesis is
stable in host bone and filler or particulate
graft is not necessary for stability but may be
added to fill the gaps. Grade Il represents the
greatest deficiency. There is incomplete pros-
thetic host-bone contact, and structural bone
grafting is required (such as a proximal femo-
ral allograft).

VI. Femoral Discontinuity

F1G. 6. Femoral discontinuity: a loss of femoral bony integrity, usually the result of fracture nonunion.
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TABLE 1. Preoperative Planning

I. Classify bone defect

Plain radiographs
CT scan
Intraoperative inspection

II. Estimate size and biomechanical significance

of defects

I1II. Evaluate bone quality

IV. Templating
Determine prosthetic size including length
Bypass intercalary defects by 2-1/2 canal
diameters when possible
Restore head/neck offset and leg length

PLANNING FOR FEMORAL
RECONSTRUCTION

Table | outlines the essential features in
planning for femoral reconstruction. Stan-
dard AP and lateral radiographs, along with
obliques of the entire femur, are necessary to
identify the femoral deficiencies present in a
revision case. It is advantageous to perform
these films with magnification markers.
Computed tomographic (CT) scanning of the
proximal femur with or without three-di-

mensional reconstruction as well as CT-gen-
erated foam models can be used to elucidate
complex deficiencies (Fig. 7) if no implant is
present. Ultimately, intraoperative inspec-
tion, at times in conjunction with intraopera-
tive radiographs, fully defines the femoral ab-
normalities. Other preoperative studies, such
as hip aspiration or scintigraphy, help to de-
termine the presence or absence of infection.

Preoperative planning serves to shorten the
surgical learning curve, evaluate the quality
and quantity of femoral bone available for
reconstruction, and establish a mechanism
for the restoration of normal hip mechanics.
Templating of the femur in both the AP and
lateral planes is essential to determine pros-
thetic size and length. When intercalary de-
fects are present, planning should include by-
passing those defects by two and one-half
canal diameters. This is particularly impor-
tant in cemented arthroplasty. The appro-
priate head/neck offset should be used to re-
store leg length and the hip abductor muscle
arm. When bone destruction has occurred in
the proximal femur, remnants of the lesser
trochanter or the tip of the greater trochanter

F1G. 7A-7D. (A) AP radiograph of the left hip in a 6 I -year-old woman with malunited intersubtrochan-
teric fracture and secondary degenerative joint disease. (B) Lateral preoperative radiograph of the left hip.
(C) CT-scan-generated foam models to assist in preoperative planning. (D) Postoperative radiograph
shows completion of the two-plane derotational osteotomy to correct varus, posterior angulation, and
retroversion. A collared cementless prosthesis with onlay autograft was used for fixation of the osteotomy,
which healed within eight weeks.
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can be used as a landmark for templating.
Templates for both standard length and long-
stem curved and straight-stem implants must
be available to best determine the most ap-
propriate prosthetic implant.

Current devices available for femoral re-
construction include cemented stems of stan-
dard length, long length, and cemented stems
for proximal femoral replacement. In addi-
tion, cementless stems, both proximally po-
rous coated and more extensively porous
coated, are available in standard-length
straight stems, curved stems, long straight
stems, and long curved stem designs. More
recently, custom and modular prostheses
have become available. Finally, each of the
above designs can be found with and without
a collar.

In addition to the implant chosen, femoral
reconstruction often involves bone grafting.
This bone may consist of autograft from the
iliac crest or femoral head if available. Alter-
natively, allograft bone may be necessary to
bridge large segmental defects or fill cavitary
lesions. This allograft material may be in the
form of a proximal femur, distal femur, femo-
ral diaphysis, proximal tibia, fibular struts, or
femoral head. Rigid fixation of the allograft

F1G. 8. A 68-year-old patient with
combined segmental and cavitary

F g’;‘:f’;;ﬂ femoral defects associated with a
Allogratt  Drior girdlestone resection procedure.
Preoperative planning includes recog-

o g nition of these defects, choosing an

implant that bypasses the areas of
bone loss, and planning for an onlay
femoral allograft to restore bone
stock.

to host bone often involves ancillary fixation
devices such as screws, plates, wires, or
cables.

Once the defects have been defined, tem-
plating has determined the most appropriate
implant, and special needs, such as bone
grafts, plates, or cables, have been deter-
mined, surgical plans can be fully formulated
(Fig. 8). An important part of this plan in-
cludes the surgical approach where one must
also correlate acetabular bone deficiency
when selecting either an anterior, posterior,
transtrochanteric, or trochanteric slide ap-
proach. When bone grafting is anticipated for
the acetabulum and femur, provisions should
be made for extensive exposure of both the
pelvis and the femur.

The classification system as presented is
simple and straightforward and yet covers the
range of defects seen both in the primary and
revision setting. This system provides a com-
mon language for the planning and reporting
of surgical reconstructions.
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