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History

Projections suggest that the incidence of revision THA
performed in the United States will nearly double by 2030,
resulting in as many as 96,700 such procedures per year
[2, 18]. Various indications for hip revision exist, including
aseptic loosening, periprosthetic joint infection, fracture,
recurrent instability, and more recently, adverse local tissue
reactions resulting from metal corrosion. Regardless of the
cause of the revision, achieving rigid femoral fixation
between the implant and the host bone at the time of
revision is essential. The extent of femoral bone loss may
represent a substantial impediment to achieving this goal,
and as such, having a thoughtful approach to evaluating
bone loss is very important.

Various classification systems have been proposed to
attempt to address this surgical challenge [1, 7, 9, 10, 12,
15, 19, 29]. One commonly used classification is the
Paprosky classification for femoral bone loss, which is a
categorization based on bone loss location and degree of
severity, and proposes a treatment algorithm for surgical
reconstruction based on these measures (Fig. 1) [1, 24].
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Purpose

Revision THA commonly results in some degree of bone
loss at the time of implant removal. The most widely
accepted standard for femoral revision involves the use of
an uncemented femoral component, relying on osteointe-
gration to provide definitive, biologic fixation
[1, 17, 22, 25, 37]. To achieve biologic fixation, a high
degree of mechanical stability obtained at the time of
femoral reconstruction typically is necessary. Mechanical
stability of an uncemented implant is largely dependent on
the quality of the residual femoral bone. Many different
cementless femoral implants achieve this goal using dif-
ferent approaches, typically accomplished through a
combination of implant geometry and surface finish.

A classification system that defines femoral insuffi-
ciency based on the location of the bone loss and the
likelihood of achieving mechanical and biologic fixation
may allow surgeons to plan preoperatively for the type of
femoral implant necessary to achieve a durable recon-
struction, and this is among the goals of the Paprosky
classification. Other purposes of this classification, like so
many others, include communication among physicians,
categorization of procedures for comparative research, and
anticipation of prognosis.

Description

In the initial paper describing the Paprosky classification,
Aribindi et al. [1] categorized femoral bone loss into four
types (Table 1). Type I femoral bone loss refers to a defect
in which minimal metaphyseal bone loss has occurred, and
in which the proximal femoral geometry is maintained.
These defects typically are seen after removal of an
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Fig. 1 The Paprosky classifica-
tion of femoral bone loss,
including Type I (I), Type II
(II), Type IIIA (IIIA), Type 11IB
(IIIB) and Type IV (IV) femoral
deficiency, is shown. (Published
with the permission of Wolters
Kluwer from Della Valle CJ,
Paprosky WG. Classification
and an algorithmic approach to
the reconstruction of femoral
deficiency in revision total hip
arthroplasty. J Bone Joint Surg
Am. 2003;85:1-6.)

Table 1. Paprosky classification of femoral bone loss

Type Description

I Minimal metaphyseal bone loss

1I Extensive metaphyseal bone loss, minimal diaphyseal bone loss

1A Extensive metaphyseal and diaphyseal bone loss, > 4 cm intact diaphyseal bone
111B Extensive metaphyseal and diaphyseal bone loss, < 4 cm intact diaphyseal bone
v Extensive metaphyseal and diaphyseal bone loss, nonsupportive isthmus

uncemented implant with a narrow metaphyseal geometry,
or removal of an implant with minimal proximal ingrowth
potential. These defects can be treated with a cylindrical
extensively porous coated stem, although tapered proxi-
mally porous coated stems may remain an option if the
proximal metaphyseal bone is sufficient to support
osteointegration [1, 8, 23, 25, 36, 37]. Although less pop-
ular in the United States, other authors also have reported
good results with cemented stem revision arthroplasty for
cases of preserved proximal femoral geometry [14, 28].

Type 1I defects refer to femoral bone loss in which the
proximal metaphyseal bone has been damaged to a degree
where it is may not be mechanically supportive for a
proximally fitting implant, nor can proximal biologic
fixation be reliably attained in that part of the femur.
These defects may be associated with subtle varus
remodeling of the proximal femur, although the entirety
of the diaphysis remains intact. These defects are com-
monly seen after removal of a cemented femoral implant,
or removal of a proximally fitting stem with a wide
femoral geometry. Fixation of a femoral implant that
engages the diaphysis, with an ongrowth surface [8, 36]
or a porous ingrowth surface [22, 23, 25, 36], typically is
recommended, although depending on the degree of
metaphyseal bone loss some proximal ingrowth may be
expected.
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Type III defects are those in which the proximal meta-
physis is completely unsupportive, and the endosteal bone
is severely deficient or absent. These defects may be
caused by grossly, chronically loose femoral stems or
revisions performed for posttraumatic total hip conver-
sions. Owing to the absence of a supportive metaphysis,
fixation in the diaphysis is necessary. Type III defects are
further subcategorized as either Type IIIA (4 cm or greater
diaphyseal “scratch-fit” [extent of contact between cortical
bone and stem] is possible) or Type IIIB (less than 4 cm
diaphyseal scratch-fit is possible because of more-severe
bone loss). Based on clinical studies by Paprosky et al.
[22, 23], use of an extensively porous coated stem when at
least 4 cm of intact diaphyseal bone was present was
associated with excellent survivorship (95% survivorship;
mean followup, 13.2 years). Other authors [5, 21] have
reported similar results. Conversely, 21% of patients
experienced stem loosening if diaphyseal fixation was less
than 4 cm [23]. Further biomechanical evidence supports
that at least 3 to 4 cm of intact diaphyseal bone is required
to resist torsional forces necessary for mechanical stability
[20]. If less than 4 cm of diaphyseal bone is present (Type
IIIB), the use of tapered stems (typically splined for rota-
tional stability with an ongrowth surface finish) has been
shown to have acceptable clinical survivorship [20]. Many
current systems offer modularity, allowing for independent
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diaphyseal and metaphyseal fixation, with substantial
intraoperative flexibility for version, limb length, and offset
[6, 36]. Although modularity has potential benefits, fracture
at the modular junction and corrosion reactions present
challenging complications [6]. Other potential revision
options that have shown favorable outcomes in younger
and elderly populations with Type III defects include
impaction grafting and impaction grafting with cementa-
tion [34, 35, 38]. Good outcomes (improved pain and
function) with acceptable complication rates also can be
achieved in Type III defects with proximal femoral
replacement [16, 27, 31].

Paprosky Type IV defects are those with severe meta-
physeal and diaphyseal bone loss, typically with severe
ectasia (pronounced expansion of endosteal bone with
profound cortical thinning) of the femoral canal making
uncemented fixation unreliable. Reconstruction options
usually are limited to proximal femoral replacements,
impaction grafting with a cemented stem, and allograft
prostheses composites [16, 27, 31, 34, 35, 38].

Validation

Brown et al. [4] examined the inter- and intraobserver
reliability of the Paprosky classification of femoral bone
loss by analyzing a radiologic review done by four
arthroplasty surgeons of 205 femurs undergoing revision
surgery. The study showed substantial interobserver relia-
bility with a kappa value of 0.61 (95% CI, 0.55-0.66), and
intraobserver reliability with kappa values of 0.81 (95% ClI,
0.76-0.86), 0.78 (95% CI, 0.72-0.83), 0.76 (95% CI, 0.7—
0.82), and 0.75 (95% CI, 0.69-0.81), signifying substantial
or greater reliability. Their findings suggest that the
Paprosky classification system, particularly when analyzed
by an experienced surgeon, generally provides a high
degree of reliability. They also reported that the reliability
of the Paprosky classification was comparable or superior
to other established classification systems, such as the Neer
classification for proximal humerus fractures, or the Van-
couver classification system for periprosthetic hip fractures
[3, 32, 33].

Parry et al. [26] reported similar findings in their
study in which three orthopaedic surgeons evaluated 23
femurs and classified bone loss based on four separate
classification systems (Paprosky, American Academy of
Orthopaedic Surgeons, Endo-Klinik, and the novel sys-
tem proposed by Parry et al.). Kappa values for
intraobserver agreement were 0.84, 0.6, and 0.88 for the
Paprosky classification, signifying substantial agreement.
For interobserver agreement, kappa values ranged from
0.63 to 0.80, also suggesting substantial agreement and
reliability.

Not all authors have been as supportive of the Paprosky
classification as Brown et al. [4] and Parry et al. [26]; some
have found much lower reliability. One such study by
Gozzard et al. [11] had two consultants with a special
interest in revision hip surgery and two orthopaedic spe-
cialist registrars review 24 femurs to evaluate kappa values
for three classification systems, including that of Paprosky.
Overall interobserver reliability for the Paprosky system
was generally moderate to fair, particularly among the less-
experienced observers. Interobserver reliability overall was
0.42 (0.50 for consultants and 0.27 for registrars), and
intraobserver reliability was 0.09, 0.16, 0.47, and 0.64 for
the four readers of radiographs in that study. Unlike other
available studies, Gozzard et al. [11] also assessed the
validity of the Paprosky classification system by comparing
preoperative grades of bone loss with intraoperative
assessment of actual bone loss at the time of surgery,
finding moderate agreement (kappa score of 0.54). They
also reported that the degree of femoral bone loss was
underestimated in 12% of hips studied. Their findings
therefore highlight the importance of user experience on
reliability, yet still lend some credibility to the validity of
the classification system, at least among more-experienced
users, and suggest that its validity (that is, its ability to
reflect actual surgical findings) is moderate to substantial.

Haddad et al. [13] presented similar findings in their
study, in which three adult reconstructive surgeons and
three residents reviewed 50 radiographs of failed femoral
components with associated bone loss. They found mod-
erate to borderline substantial intraobserver agreement
(kappa range, 0.43-0.62) and slight to fair interobserver
agreement (kappa range, 0.12-0.29), with no difference in
reliability between experts and less-experienced surgeons.

Limitations

As with any classification system, reliability and validity
inevitably will be influenced by various factors, including
surgeon experience and adequacy of imaging. This has
been shown for the Paprosky classification of femoral bone
loss, in which kappa values for inter- and intraobserver
reliability have ranged from slight to excellent agreement
[4, 11, 13, 26]. The aforementioned studies are retrospec-
tive and based on radiographic reviews of proximal
femoral bone loss. This potentially could lead to underes-
timation of the extent of femoral bone loss, as the final
classification for treatment purposes is based on intraop-
erative assessment. Nevertheless, the generally good
concordance in kappa values in those studies in which
arthroplasty-trained surgeons used the Paprosky system,
suggests that users may be able to achieve higher reliability
and validity with more time and experience [4, 11, 26].
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The potential limitations of two-dimensional imaging on
accurate classification may be a limiting factor to the
reliability of the Paprosky classification. Although one
might expect less difficulty with characterizing bone loss
for long bones in comparison to more complex anatomic
structures such as the acetabulum, the limitations of two-
dimensional imaging on accurate assessments of bone loss
have been reported [39]. Gozzard et al. [11] emphasized
this concept by describing the mischaracterization of bone
loss in more than 10% of cases.

Two studies [26, 29] challenge the reliability and
validity of the Paprosky classification system compared
with previous studies [4, 11, 13, 26]. The study by Parry
et al. [26] showed good to very good intraobserver relia-
bility with their proposed novel classification system
(kappa range, 0.84—1). Mean kappa value for their novel
system was 0.87, compared with 0.77 for the Paprosky
classification. The system proposed by Parry et al. [26]
achieved equal interobserver reliability as that of the
Paprosky classification. In a similar fashion, the new
classification system of femoral bone loss proposed by
Saleh et al. [29] achieved higher prognostic validity (kappa
values of 0.6-0.82) than that of the Paprosky classification
in the study by Gozzard et al. [11]. In the study by Saleh
et al. [29], three general orthopaedic surgeons, all blinded
to each other’s ratings, were taught the new classification
system proposed by Saleh et al. Radiographic assessments
performed by the two surgeons were compared with the
intraoperative assessment of bone loss performed by the
third surgeon.

To our knowledge, there have been no studies specifi-
cally focusing on the role of adjunctive imaging (eg, Judet
pelvis views, CT scans) on improving the performance of
the Paprosky classification system.

Conclusions

Femoral reconstruction at the time of total hip revision is
challenging and associated with potentially severe com-
plications. The Paprosky classification can help surgeons—
particularly more-experienced surgeons—approach these
complex procedures in a thoughtful way, in that it can help
guide the implant choices that surgeons make at the time of
revision THA [8, 30, 36]. The Paprosky classification
offers a simple categorization of proximal femoral bone
loss founded on clinical and biomechanical evidence.
However, even with such a system, the severity of bone
loss can be underestimated. Ensuring optimal preoperative
imaging with full-length orthogonal radiographs of the
femur is critical to allow for accurate categorization.
Despite appropriate preoperative planning, the final cate-
gorization of femoral bone loss occurs at the intraoperative
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setting, with actual femoral deficiencies potentially more
severe than expected. As such, surgeons should always be
prepared for this possibility, with an armamentarium of
implants available to solve more complex problems.
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