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Abstract

Background The Paprosky acetabular defect classifica-
tion is widely used but has not been appropriately
validated. Reliability of the Paprosky system has not been
evaluated in combination with standardized techniques of
measurement and scoring.
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Questions/purposes This study evaluated the reliability,
teachability, and validity of the Paprosky acetabular defect
classification.

Methods Preoperative radiographs from a random sample
of 83 patients undergoing 85 acetabular revisions were
classified by four observers, and their classifications were
compared with quantitative intraoperative measurements.
Teachability of the classification scheme was tested by
dividing the four observers into two groups. The observers in
Group 1 underwent three teaching sessions; those in Group 2
underwent one session and the influence of teaching on the
accuracy of their classifications was ascertained.

Results Radiographic evaluation showed statistically
significant relationships with intraoperative measurements
of anterior, medial, and superior acetabular defect sizes.
Interobserver reliability improved substantially after
teaching and did not improve without it. The weighted
kappa coefficient went from 0.56 at Occasion 1 to 0.79
after three teaching sessions in Group 1 observers, and
from 0.49 to 0.65 after one teaching session in Group 2
observers.

Conclusions The Paprosky system is valid and shows
good reliability when combined with standardized defini-
tions of radiographic landmarks and a structured analysis.
Level of Evidence Level II, diagnostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction
Revision THA is being performed with increasing fre-
quency [1]. With a younger cohort of patients and the

increased lifespan of patients living with a hip prosthesis,
the absolute number of failed prostheses and revision
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procedures is likely to continue rising. Preoperative
planning is an essential part of revision THA and pre-
operative pelvic radiographs are most commonly used for
assessment of periprosthetic bone stock and defects.
Multiple classification systems have been devised to
describe the acetabular bone defects before revision
THA: Paprosky [15], D’ Antonio [3], or American Acad-
emy of Orthopaedic Surgeons (AAOS); Saleh [18],
Gustilo [9], Gross [8], Parry [16], and Engh [5, 10].
Classifications are important not only to guide for the
revision technique, but also to render the results in dif-
ferent clinical studies comparable.

The Paprosky system, first described in 1994 [14], may
be the most widely used acetabular defect classification
system. This system classifies defects according to the
presence or absence of intact acetabular walls, and the
ability of the anterior and posterior columns to support an
implant [14, 17, 19]. Type 1 defects have only minimal
bone loss, no component migration, and intact acetabular
walls. Type 2 defects have moderate bone loss with dis-
tortion of the acetabular hemisphere but preservation of the
anterior and posterior acetabular columns. The destruction
involves the superior and/or the medial walls and based on
its location, Type 2 defects are subclassified into 2A (direct
superior), 2B (superolateral), and 2C (medial). Type 3
defects show severe bone loss from major destruction of
the acetabular rim and supporting structures; these are
subclassified into 3A and 3B. Type 3A defects include
moderate destruction of the medial wall and posterior
column, while Type 3B defects show complete destruction
of the medial wall and severe destruction of the posterior
column [15]. Based on the Paprosky acetabular defect type,
recommendations can be made for grafting and fixation
strategies [13].

Despite its popularity, there remains dispute over the reli-
ability and validity of the Paprosky system [2, 7, 14]. In
general, for a classification system to be effective in classi-
fying acetabular defects and in guiding the revision technique
and assisting outcome comparisons, it must possess a high
degree of reliability and validity. Reliability refers to the
reproducibility of a classification system within one and
among several observers, whereas validity refers to the ability
for the system to accurately describe or predict the true
pathology when compared with a reference standard [6]. The
validity of the Paprosky system would be best assessed by
comparing it with the gold standard of intraoperative findings.

To date, no study has validated the Paprosky classification
system using quantitative intraoperative measurements of
bone loss. Furthermore, no study has evaluated whether
consistency in definition and interpretation of the radio-
graphic landmarks used in the Paprosky system and a
structured analysis can improve its interobserver and intra-
observer reliability.
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The aims of this study were (1) to determine whether the
preoperative classification of acetabular bone deficiency
using the Paprosky system correlates with intraoperative
measurements of bone deficiency; and (2) to investigate
whether the reliability of the system improves with formal
teaching of the classification, with explicit standardization
of the interpretation of radiographic landmarks and a
structured analysis of all the elements of the classification.

Patients and Methods

Data were obtained from patients who underwent revision
THAs performed at a large orthopaedic unit at the Royal
Adelaide Hospital (Adelaide, South Australia) from January
2000 to April 2010. This study and protocol were approved
by the local institution’s research ethics committee.

We included patients in the study if an acetabular
component was revised and if preoperative AP pelvic
radiographs and intraoperative records were complete. As
per the description of the Paprosky classification system
[15], only AP pelvic radiographs were used to classify the
acetabular defects investigated in this study. Patients were
excluded from the study if revision THA was performed in
the absence of radiographic osteolysis, that is, where the
primary indication for revision was for pain, recurrent
dislocation, or infection without radiographic osteolysis
present. We also excluded patients if substantial intraop-
erative acetabular fractures occurred, or if preoperative
pelvic radiographs were of insufficient quality. For exam-
ple, pelvic radiographs were excluded if they were not true
AP views. We also collected patient characteristics,
including age, sex, date of revision, implant type removed,
and implant type inserted.

A simulation study indicated that a sample size of 85
would allow for the estimation of interobserver or intra-
observer reliability with precision £ 0.18 or better, in
which precision refers to the width of a 95% CI around a
weighted kappa statistic. The calculations assume the
population-weighted kappa is unknown but is larger than
0.25, which corresponds to weak agreement. The calcula-
tions also assume the population proportion of patients in
each of the six classifications of the Paprosky scale is the
same as described in the study by Campbell et al. [2].

We performed a total of 249 revision THAs involving
revision of an acetabular component during the study
period. Twenty-five cases were excluded because no digital
copies of preoperative radiographs were available, 13 were
excluded because the preoperative radiographs were
deemed to be of insufficient quality, and 31 were excluded
as a result of incomplete intraoperative data. This left a
total of 180 radiographs that met our inclusion criteria
available for review. These were numbered consecutively
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and a random number generator (85 numbers, from 1 to
180) then was used to select 85 for inclusion in the study by
an independent observer (SK). Fourteen procedures were
performed for the primary indication of late recurrent dis-
location, 48 were performed for prosthetic loosening, and
23 for osteolysis.

Acetabular defect dimensions were recorded intraoper-
atively by six operating surgeons (DWH, LBS, RC, AM,
DT, SB) with 75 being recorded by two surgeons (DWH,
LBS). After removal of the primary implant, the length
and width of the defects at the lateral, medial, anterior, and
posterior acetabular walls were measured using rulers and
recorded in centimeters to the nearest 0.5 cm. The
dimensions of acetabular defects measured intraoperatively
were recorded (Fig. 1). Defect type, either cortical or
cavitary, also was recorded. Intraoperative data, including
an acetabular diagram with a scaled ruler, were recorded on
a standardized operation record form. Data were entered
and extracted from the department’s Orthopaedic Patient
Management and Outcomes Documentation Database.
Defect surface area at each acetabular wall was estimated
in cm?.

Fig. 1A-B (A) Lateral and
(B) AP views of the acetabulum
show the dimensions measured
intraoperatively at the superior,

Superior

A guide for scoring the radiographs was developed by
the authors based on the Paprosky system (Table 1) [15].
This guide scores four radiographic features identified by
the Paprosky system: (1) teardrop lysis/defect; (2) ischial
lysis/defect; (3) the ilioischial (Kohler’s) line; and (4)
superior migration of the hip center/superior defect. The
degree of teardrop defects is grouped into three grades
depending on the presence of the lateral and medial tear-
drop borders. Ischial defects are graded depending on the
measured size of ischial osteolytic lesions. Kohler’s line is
graded depending on its disruption. Superior defects are
grouped into four grades depending on the vertical length
of the defect from the original center of rotation of the
femoral head and the area of acetabular dome involvement.

We used a second scoring table to assign the overall
Paprosky type (Table 2). This was done to ensure a
structured scoring mechanism in which all scoring ele-
ments are considered and isolated defects automatically
lead to a worse score. On the occasions in which combi-
nations of radiographic features for a given case did not
meet all the criteria for one Paprosky type, or by contrary,
met the criteria for more than one Paprosky type, the least

Width

M

posterior, anterior, and medial
walls.

Posterior

Length []

Anterior

Table 1. Scoring guide for assessment of the radiographic features of the Paprosky system

Radiographic feature Feature grading

Teardrop defect Tl
Intact
Ischial defect 11 12
None Mild
(< 0.7 cm)
Kohler’s line K1
Intact
Superior defect S1 S2
Minimal Mild

(< 3 cm superior)

T2

Moderate

(loss of lateral border)
13

Moderate

(0.7-1.4 cm)

K2

Disrupted

S3

Moderate

(< 3 cm superolateral)

T3

Severe

(loss of medial border)
14

Severe

(> 1.4 cm)

S4
Severe
(>3 cm)

@ Springer



2262  Yu et al.

Clinical Orthopaedics and Related Research®

Table 2. Scoring guide for overall Paprosky type based on the four
radiographic features

Teardrop Ischial Kohler’s Superior Paprosky
defect defect line defect type

T1 nn K1 S1 I

T1 12 K1 S2 A

T1 12 K1 S3 1B

T2 12 K2 S2, 83 1nc

T2 I3 K1 S4 IIA

T3 14 K2 S4 1B

severe Paprosky type and the one with most radiographic
features met were selected.

Radiographs were analyzed on three separate occasions by
four observers (LBS, RY, JGH, MP), three of whom were
trained consultant-level orthopaedic surgeons specializing in
hip arthroplasty and the other a recent medical graduate
(junior medical officer) working in the orthopaedic unit. Each
observation occasion was separated by at least 2 weeks as a
washout period before rerandomization of radiographs.
Before each occasion of radiographic analysis, two of the
observers, an orthopaedic surgeon and a junior medical offi-
cer (Group 1), underwent some teaching sessions together
using the scoring guide to ensure standardized interpretation
of radiographic features. Teaching involved analysis and
discussion of 10 random cases other than the ones being
investigated to ensure agreement on definitions of radio-
graphic landmarks when using the scoring table and to resolve
discrepancies in the interpretation of the Paprosky system
types. The remaining two observers, both of whom were
orthopaedic surgeons (Group 2), analyzed the radiographs on
two occasions without undergoing any prior teaching session
and without using the scoring system described. Before the
third radiograph analysis, these investigators underwent a
similar teaching session as Group 1.

We compared intraoperative data across Paprosky
classifications using nonparametric Kruskal-Wallis tests,
comparing anterior defect area among the three teardrop
classification groups, posterior defect area among the four
ischium classification groups, medial defect area between
the two Kohler’s line classification groups, and superior
defect area among the four superior defect classification
groups. Results with a p value less than 0.05 were con-
sidered statistically significant.

We determined interobserver and intraobserver reliability
using weighted kappa coefficients. Differences in interob-
server reliabilities with time were assessed using the
nonparametric bootstrapping method based on 10,000 boot-
strap samples. Extent of agreement was interpreted using the
criteria described by Landis and Koch [11], such that a score
greater than 0.80 indicates excellent agreement, a score
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Table 3. Prevalence of Paprosky defect type (n = 85)

Paprosky type Number Prevalence
Type 1 23 27%
Type 2A 25 29%
Type 2B 14 17%
Type 2C 7 8%
Type 3A 7 8%
Type 3B 9 11%

ranging from 0.61 to 0.80 indicates good agreement, a score
of 0.41 to 0.60 indicates moderate agreement, a score of 0.21
to 0.40 indicates fair agreement, and a score of 0.20 or less
indicates poor agreement. Radiographs were reidentified by a
third party (SK) and intraoperative data were correlated
against corresponding preoperative Paprosky types. All sta-
tistical calculations were performed using SAS Version 9.3
(SAS Institute Inc, Cary, NC, USA).

In this series, Type 2A defects were the most prevalent
defect type, seen in 25 (29%) of the cases analyzed, fol-
lowed by Type 1 defects comprising 23 (27%) cases. Nine
(11%) analyzed cases were classified as the most severe
Type 3B defects (Table 3). These data were derived from
analyses performed after three teaching sessions by an
experienced, consultant, orthopaedic surgeon.

Results

When we compared defect surface area at each acetabular
wall with its corresponding radiographic feature, we found
numerous important relationships. A more severe radio-
logic teardrop defect was associated with a larger
intraoperative defect area (p = 0.0015) (Fig. 2). A more
severe Kohler’s line grade was associated with a larger
intraoperative defect area (p = 0.0011) (Fig. 3). A more
severe superior radiographic defect was associated with a
larger intraoperative superior defect area (p < 0.0001)
(Fig. 4). There was no evidence of a relationship in the
distribution of intraoperative posterior defect area and the
four ischium classification groups overall (p = 0.21), but
large intraoperative ischial defects were assessed as being
severe on preoperative radiographs (Fig. 5).

In Group 1 (the observers who received three teaching
sessions), the teaching sessions improved reliability
between the first and the third sessions (0.56 versus 0.79,
p < 0.001). Interobserver reliability did not improve sig-
nificantly between Occasion 1 and Occasion 2 (weighted
kappa 0.56 versus 0.69, p = 0.071) or between Occasion 2
and Occasion 3 (0.69 versus 0.79, p = 0.052). Using the
criteria of Landis and Koch [11], interobserver agreement
between the Group 1 observers improved from moderate to
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Fig. 2 The box and whisker plot shows the surface area of an anterior
defect measured intraoperatively compared with a teardrop defect
according to the Paprosky radiographic classification.
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Fig. 3 The box and whisker plot shows the surface area of a medial
defect measured intraoperatively compared with Kohler’s line
according to the Paprosky radiographic classification.

good between Occasions 1 and 3. Intraobserver agreement
was calculated for both observers in Group 1 between
Occasions 1 and 3, resulting in kappa = 0.66 (95% CI,
0.56-0.76) for Observer 1 and kappa = 0.71 (95% CI,
0.62-0.81) for Observer 2. These values would be con-
sidered good agreement.

Group 2 observers did not undergo standardized teaching
sessions before Occasions 1 and 2, but instead were asked to
base their radiographic assessments on their individual
interpretations of the Paprosky classification system. Inter-
observer agreement between these two observers on
Occasions 1 and 2 were kappa = 0.49 (95% (I, 0.38-0.61)
and kappa = 0.50 (95% CI, 0.43-0.64), respectively. This is
equivalent to moderate agreement on both occasions with no
significant improvement in reliability between each occasion
(p = 0.60). After a washout period and a single teaching

50
40
30 A
20

= 1

T T T T
Minimal Mild Moderate Severe

Radiographic Grade of Superior Defect

Intraoperative Superior Defect Area

Fig. 4 This box and whisker plot shows the surface area of a superior
defect measured intraoperatively compared with a superior acetabular
defect according to the Paprosky radiographic classification.
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Radiographic Grade of Ischial Defect

Fig. 5 A box and whisker plot shows the surface area of a posterior
defect measured intraoperatively compared with an ischial defect
according to the Paprosky radiographic classification.

session with Group 1 observers, Group 2 observers under-
went a third period of observation. Interobserver reliability
between the Group 2 observers on the third occasion
improved significantly to good agreement with kappa =
0.65 (p = 0.014).

Discussion

The appropriate preoperative acetabular defect classifica-
tion system remains debatable [2, 4, 10, 12]. A valid and
reliable preoperative classification system can assist in
effective preoperative planning and allow comparisons to
be made between different revision techniques [6]. We
therefore examined whether the preoperative classification
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of acetabular bone deficiency using the Paprosky system
correlates with intraoperative measurements of bone defi-
ciency and if the reliability of the system improves with
formal teaching, which included standardization of the
interpretation of radiographic landmarks, and a structured
analysis of all the elements of the classification.

This study has several limitations. There is a limitation
to the degree of information gleaned from a comparison
between categorical and quantitative data; however, it is
evident that higher-grade radiographic defects according to
the Paprosky system are associated with greater surface
area defects at the anterior, medial, and superior acetabular
walls. Another limitation is that the intraoperative defect
measurements were obtained by more than one surgeon
during the study’s 10-year period in which patients were
included. A standardized measurement technique and rigor
cannot be ensured despite the use of standard intraoperative
forms including acetabular diagrams to be filled out by the
surgeon. In addition, intraoperative measurements were
rounded off to the nearest 0.5 cm when measurements to
the nearest millimeter would be ideal given that radio-
graphic grades for ischial defects were separated by 0.7-cm
intervals. Moreover, intraoperative defects were recorded
as surface areas and calculated as two-dimensional rect-
angles, when in reality defects possessed irregular shapes
of varying volumes. Calculated defect areas therefore were
only approximations of true defect proportions.

In this study, we validated the Paprosky acetabular defect
system using quantitative intraoperative measurements of
the defects. We observed a significant correlation between
defects at the anterior, medial, and superior acetabular walls
and their respective radiographic landmarks. No relationship
was seen between posterior acetabular defect size and ischial
defect grade noted on radiographs. This is likely because the
Paprosky classification is based on AP pelvis radiographs
and in this view, the posterior acetabulum often is obscured
by a radiopaque acetabular prosthesis. Thus, less importance
should be placed on evaluation of the ischium on AP views
and oblique and lateral hip views should be used to assess
the posterior acetabulum. Despite this issue, large intraop-
erative ischial defects were still assessed as being severe
on preoperative radiographs.

In this study, we also assessed the impact of teaching on the
reliability of the Paprosky system. We observed an improve-
ment in interobserver reliability after teaching sessions in
which interpretation of radiographic features was discussed
between observers. Standardization was further ensured with
the use of a structured scoring table as a guide. Observers from
Group 1 underwent teaching sessions before each observation
period. Subsequently, the interobserver reliability attained
after each occasion improved significantly, and after the third
occasion was higher than any previously published values for
interobserver reliability for the Paprosky system [2, 7, 16] and
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approached a score of excellent. Intraobserver reliability was
similar for both observers, excluding the possibility that one
observer simply tended toward the other after the second
teaching session. Group 2 observers, composed of two con-
sultant-level orthopaedic surgeons, showed that before
undergoing a teaching session to standardize the interpretation
of radiographic classification, reliability of the Paprosky
system was only moderate and comparable to previously
published reliability scores [2, 7]. After a single teaching
session, interobserver reliability between these observers,
and also between Group 1 observers, improved to good
strength.

Our study further compared preoperative Paprosky
classification with corresponding intraoperative acetabular
defect measurements. There are few data analyzing stan-
dardized quantitative intraoperative measurements of
acetabular defects, yet this should be the gold standard
required to validate such a preoperative classification sys-
tem. Commonly used preoperative classifications and the
operative plans derived from these either may be validated or
rejected. In the event of system validation, different revision
and grafting techniques from multiple centers and series can
be more objectively evaluated. Gozzard et al. investigated
the reliability of the Paprosky classification and also exam-
ined validity by drawing intraoperative comparisons [7].
Interestingly, despite poor reliability, good validity was
found. However, their study was small, analyzing only 25
patients undergoing revision THAs, and did not describe a
standardized and quantitative system for measuring
intraoperative findings. Campbell et al. compared the inter-
observer and intraobserver reliabilities for the Paprosky,
AAOS, and Gross classification systems using 33 preoper-
ative radiographs and three groups of observers of different
expertise [2]. Their study revealed that even among the
originators of each respective classification system, intra-
observer reliability was underwhelming, and poor overall
interobserver reliability was shown. These findings were
echoed by Gozzard et al. in an analysis of the AAOS and
Paprosky systems [7]. Neither of these studies commented
on the teachability of the Paprosky system despite the likely
improvement that teaching would have on standardizing the
interpretation of radiographic features.

Our findings suggest the Paprosky acetabular classifi-
cation system is valid, but can be subjective and requires
a standardized measurement technique and standardized
method of scoring to decrease interobserver differences.
In contrast to some previous studies, our study showed
that teaching sessions combined with the use of a scoring
guide substantially improves reliability, from moderate
agreement to good agreement, and we recommend that
future studies publishing on this system describe steps
they took to achieve standardization in the classification’s
use.
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