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Summary

Background and aim: Paprosky’s classification is currently the most used classification for periacetabular bone
defects but its validity and reliability are widely discussed in literature. Aim of this study was to introduce a
new CT-based Acetabular Revision Algorithm (CT-ARA) and to evaluate its validity. The CT-ARA is based
on the integrity of five anatomical structures that support the acetabulum. Classification’s groups are defined
by the deficiency of one or more of these structures, treatment is based on those groups. Mezhods: In 105
patients the validity of the CT-ARA was retrospectively evaluated using preoperative X-rays, CT-scan and
surgery reports. The surgical indications suggested by Paprosky’s algorithm and by CT-ARA were compared
with the final surgical technique. Patients were divided into two groups according to time of surgery. Resu/ts:
We reported concordance of indications in 56,2% of cases with the Paprosky’s algorithm and in 63,8% of
cases with the CT-ARA. Analysing only the most recent surgeries (group 2), we reported even higher differ-
ence of concordance (67,3% Paprosky’s algorithm and 83,7% CT-ARA). The concordance of the CT-ARA
among Group 1 and Group 2 resulted significantly different. Conc/usions: the CT-ARA may be a useful tool

for the preoperative decision-making process and showed more correlation with performed surgery compared

to the Paprosky’s algorithm.
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Background

Total hip arthroplasty (THA) is considered one
of the most successful procedure in orthopaedic sur-
gery. The number of THA performed every year is
projected to rise of 71% within the next 10 years and,
consequently, the number of revision cases is expected
to rise as well (1). Management of periacetabular mas-
sive bone loss is one of the most challenging aspect
of hip revision surgery and often requires advanced
reconstructive techniques (2,3). Properly identification
and classification of acetabular bone loss are essential
to formulate a detailed pre-operative plannig and
guide the proper implant choice. Several classifications
of acetabular bone loss have been proposed (4) but,

the classification proposed by Paprosky (5) in 1994 is
still the gold standard and the most reported in lit-
erature (6). Moreover, the same authors (7), published
an algorithmic approach, based on his classification,
suggesting the revision techinque for each category of
acetabular bone loss (Figure 1).

However, the validity of the Paprosky’s classifica-
tion is widely debated in literature and poor intra- and
interobserver reliability are reported (8-10). Further-
more, several authors demonstrated higher sensitivity
of the CT-scan in the identification of periacetabular
bone loss compared to X-ray evaluation (9,11,12). To
the best of our knowledge, no CT-based classifications
of acetabular bone defect are actually available in lit-
erature. Secondly, the most established algorithm for
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Figure 1. Paprosky’s algorithm for acetabular revision

acetabular revisions (7) has been introduced more than
10 years ago and an update that includes the applica-
tion of modern diagnostic and therapeutic technolo-
gies is needed.

Aim of the study
The aim of this retrospective study was to intro-
duce a new CT-based algorithm for preoperative

evaluation of bone defect and planning of acetabular
revision, to evaluate its validity and to compare it with

the validity of Paprosky’s algorithm (7).

Methods

Algorithm development

We developed our CT-based Acetabular Revi-
sion Algorithm (CT-ARA) on the anatomically based
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Letournel’s theory that define the anterior and poste-
rior column as a “Y” shaped structure that support the
acetabulum (13). We then identify three others bone
structures that, as also reported by Paprosky et al. (5),
are fundamental for the support of the acetabular cup:
the posterior wall, the superior dome and the medial
wall. By determining, on the pre-operative CT-scan,
the integrity or deficiency of one or more of those
structures, we defined 9 possible categories of per-
iacetabular bone defects as reported in Table 1. We
defined a deficiency of the posterior wall as an absence
of more than 60% of its structure, a defect of the dome
as a superior migration of more than 2 c¢m, anterior
column as an absence of at least 1 cm3 of good quality
bone along the iliopubic line, minor and major central
defects according to central migration of the center of
rotation (respectively between 0.5 and 1 cm and more
than 1 cm), posterior column as an absence of at least

1 ecm3 of good quality bone along the ilioischial line,
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pelvic discontinuity as an absence of at least 1 cm3 of
good quality bone either in the anterior either in the
posterior column.

We finally define, based on our experience and
data available in literature (7,14-19), the indications
of the type of acetabular revision suggested in each
category of bone defects as showed in Figure 2.

Is the hip center
= 2 cm above the
native hip
center?

acetabular

Does the
potential for durable
biologic fixation with a
hemispherical
cup exist?

No

Algorithm evaluation

Data were obtained from patients who under-
went acetabular cup or THA revision, performed in a
large orthopaedic hospital from April 2009 to October
2019. Study’s protocol was approved by the local insti-

tution’s research ethics committee.
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Figure 2. Algorithm for acetabular revision based on periacetabular bone defects (CT-ARA)
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Table 1. Categories of periacetabular bone defects.

Periacetabular bone defects

Posterior wall isolated defect

Posterior wall and superior dome defect
Minor central defect (fundus)
Major central defect (fundus)

Anterior column discontinuity

Posterior column discontinuity, good bone stock

Posterior column discontinuity, poor bone stock

Pelvic discontinuity, posterior column good bone stock

Pelvic discontinuity, posterior column poor bone stock

We included in the study all patients underwent
revision of the acetabular cup regardless of the diag-
nosis and the periacetabular bone loss. Patients were
instead excluded from the study if the surgical report
was incomplete and did not mention the residual bone
stock or if preoperative pelvic X-ray and pelvic CT-
scan were of insufficient quality or not available in our
database.

We collected patient’s characteristics, includ-
ing age, sex, BMI, side, diagnosis, previous surgeries,
implant type removed, implant type inserted, time
from X-rays and CT-scan to surgery, post-operative
indications and intra-operative and post-operative
complications.

Patients were divided into two groups according
to the date of surgery. Group 1: patients who under-
went surgery between April 2009 and June 2015.
Group 2: patients who underwent surgery between
July 2015 and October 2019.

Two orthopaedic surgeons (AA and MO), sepa-
rately, reviewed the surgical report, the preoperative
X-ray and the preoperative CT-scan and classified
the acetabular bone loss according to the Paprosky’s
classification and according to the CT-ARA. In case
of disagreement a third senior orthopaedic surgeon
(AM) defined the classification.

For each patient, the surgical indications sug-
gested by the Paprosky’s algorithm and by the CT-
ARA were evaluated and compared with performed
technique. The concordance between the indications
of both algorithms and surgical techinque were cal-
culated.

Independent Samples t-test was used to evaluate
the differences, between the two groups, of average
age and time from CT-scan to surgery. Pearson’s Chi
square test was instead used to identify differences,
between the two groups, of sex, periacetabular bone
loss according to the Paprosky’s classification and con-
cordance between the indications of the CT-ARA and
the surgeries performed.

Results

In total, 174 acetabular revisions were identified.
Each patient’s medical records were retrieved and 5
patients were excluded from the study for incomplete
description of bone stock in the surgical report. For
the remaining patients, preoperative pelvic X-ray and
CT-scan were searched in our database: 8 patients
were excluded for the poor quality of the CT-scan and
56 were excluded for the lack of preoperative CT-scan
in our database. Study cohort was therefore composed
of 105 acetabular revisions in 105 patients divided in
Group 1, 56 patients, and Group 2, 49 patients. Base-
line data are shown in Table 2.

No statistically significant differences were iden-
tified between Group 1 and Group 2 regarding Age
(Samples t-test p value: 0,141; O’Brien’s test for
homogeneity of variance: 0,133), Sex (¢’ test p value:
0, 478; Pearson’s Chi Square statistic: 0,504) and Time
between CT-scan and surgery (T-test p value 0,425;
O’Brien’s test for homogeneity of variance: 0,024).

In 66 patients (62,86%) the revision was due to
cup mobilization, aseptic in 56 cases and septic in 10
cases. The others more frequent diagnosis were recur-
rent dislocations (14 patients, 13,33%), metallosis
(8 patients, 7,62%) and polyethylene wear (7 patients,
6,67%). No statistically significant differences were
identified about distribution of diagnosis between
Group 1 and Group 2.

Distribution of periacetabular bone defects classi-
fied according to Parprosky’s classification and accord-
ing to the CT-ARA are reported in Table 3 and 4.

In 47 patients (44,76%) the revision was per-
formed with a standard cup. Rings and cemented cup
were used in 21 revisions (20%), standard cup + graft in
17 cases (16,2%), standard cup + augment in 12 cases



Algorithm for Acetabular Revisions

Table 2. Baseli ne data.

Baseline data Total Group 1 Group 2
Patients (n) 105 56 49
Age (years) Median 67,9 69,7 65,9
IQR 17-87 41-87 17-86
Sex Male 37 (35,23%) 18 (32,14%) 19 (38,77%)
Female 68 (64,77%) 38 (67,86%) 30 (61,23%)
Side Right 50 (47,62%) 25 (44,64%) 25 (51%)
Left 55 (52,38%) 31 (55,36%) 24 (49 %)
Surgery Cup revision 70 (66,67%) 35 (62,5%) 35 (71,42%)
Cup re-revision 4 (3,81%) 3(5,36%) 1 (2,04%)
THA revision 30 (28,57%) 17 (30,36%) 13 (26,53%)
THA re-revision 1 (0,95%) 1 (1,78%) 0 (0%)
Time between CT scan and | Median 80,52 87,52 72,53
surgery (days)
IQR 1-454 1-454 1-252

Table 3. Distribution of periacetabular bone defects according
to Paprosky’s classification.

Paprosky’s Total Group 1 Group 2
classification

1 21 (20%) 9 (16,1%) 12 (24,5%)
2A 16 (15,2%) 10 (17,9%) 6 (12,2%)
2B 15 (14,3%) 11 (19,6%) 4 (8,2%)
2C 19 (18,1%) 7 (12,5%) 12 (24,5%)
3A 26 (24,8%) 15 (26,8%) 11 (22,5%)
3B 8 (7,6%) 4 (7,1%) 4 (8,2%)

(11,4%), custom made implants in 5 cases (4,76%) and
posterior plate and uncemented cup in 3 cases (2,85%).
The distribution of the different acetabular revisions
among Group 1 and Group 2 is reported in Table 5.
The indications of the Paprosky algorithm and
the implants actually used in the revisions were con-
cordant in 59 cases (56,2%), 26 (46,4%) in Group 1
and 33 (67,3%) in Group 2. Instead, comparing the
CT-ARA and the revisions performed concordance
was found in 67 cases (63,8%), 26 (46,4%) in Group
1 and 41 (83,7%) in Group 2. The difference among

Table 4. Distribution of periacetabular bone defects according to the CT-ARA.

CT-ARA Total Group 1 Group 2
Posterior wall defect 3(2,9%) 1(1,8%) 2 (4,1%)
Posterior wall and superior dome defect 10 (9,5%) 6 (10,7%) 4 (8,2%)
Minor central defect 42 (40%) 16 (28,6%) 26 (53,1%)
Major central defect 8 (7,6%) 4(7,1%) 4 (8,2%)
Anterior column discontinuity 12 (11,4%) 6 (10,7%) 6 (12,2%)
Posterior column discontinuity, good bone stock 2 (1,9%) 2 (3,6%) 0 (0%)
Posterior column discontinuity, poor bone stock 9 (8,6%) 5 (8,9%) 4 (8,2%)
Pelvic discontinuity, good bone stock 2 (1,9%) 2 (3,6%) 0 (0%)
Pelvic discontinuity, poor bone stock 17 (16,2%) 14 (25%) 3 (6,1%)
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Table 5. Distribution of different revision implant types used.

Revision implant Total Group 1 Group 2
type

Standard cup 47 (44,8%) | 18 (32,1%) | 29 (59,2%)
Standard cup + 12 (11,4%) 5(8,9%) 7 (14,3%)
augment

Standard cup + 17 (16,2%) | 12 (21,4%) | 5 (10,2%)
graft

Posterior plate + 3 (2,9%) 2 (3,6%) 1(2,1%)
uncemented cup

Ring + cemented | 21 (20%) 17 (30,4%) | 4 (8,2%)
cup

Custom made 5(4,76%) | 2 (3,6%) 3 (6,1%)

Group 1 and Group 2 about concordance between the
CT-ARA and the surgery performed was statistically
significant ()*test p value < 0,001).

Discussion

Management of periacetabular bone loss repre-
sents a challenging aspect in hip arthroplasty revisions.
Correct identification of bone loss and a meticulous
pre-operative planning are essential to obtain success-
ful results. Pre-surgical evaluation with plain radiog-
raphy can provide limited information regarding the
location and extension of bone loss. In literature, the
sensitivity of a single radiograph for the identification
of periacetabular bone defect, is reported from 15% to
72% depending on the location and size of the lysis
(12,20). In particular, limited accuracy was reported
for defects of the posterior column and wall due to the
presence of the radiopaque implants (6,21). Nowa-
days, modern CT-scan with high-resolution acquisi-
tion and metal artefact suppression, is considered the
gold standard in the evaluation of periprosthetic oste-
olysis and bone loss with reported accuracy superior
to 80% (9,11). The worldwide known Paprosky’s clas-
sification and algorithm (5,7) are based on single ante-
rior-posterior radiograph. This can limit their eflicacy
in the preoperative planning and, in literature, poor
intra- and interobserver reliability are reported (8-10).
This classification system was introduced in the ‘90s
and inevitably does not consider the last diagnostic

and therapeutic technologies advancement. Moreover,
to the best of our knowledge, no CT-based classifica-
tions of acetabular bone defect are actually available in
literature.

In this scenario, we developed the CT-ARA
with the objective to introduce an intuitive and user-
friendly algorithm based on the CT evaluation of the
supporting structures of the acetabulum. The thera-
peutic indications of the CT-ARA are recommenda-
tions based on our clinical practice and experiences,
experts opinions and current literature (3,6,15-17,19).

In the CT-ARA, the evaluation of the posterior
column plays a crucial role. In all patients with integ-
rity of the posterior column, standard hemispherical
cup can be used, alone or in association with trabecular
metal augments or cancellous bone grafts according to
the different bone defects. As showed in Figure 2, the
use of metal augments is indicated in associated poste-
rior wall and superior dome defects and eventually in
patients with major central defects. Instead, cancellous
bone graft can be used to fill minor central defects and
in isolated discontinuity of the anterior column.

Meanwhile, if discontinuity of the posterior col-
umn is identified in the preoperative CT, the surgi-
cal strategy depends on the quality of the remaining
bone stock of the posterior column. In case of good
remaining bone stock, independently of the continu-
ity or discontinuity of the anterior column, our rec-
ommendation is to reconstruct the posterior column
with a plate to support the implant of an uncemented
hemispherical cup. Instead, in poor quality remaining
bone stock we suggest application of a ring with iliac
and ischiatic flange to span the defect, associated with
cemented cup.

Finally, in conditions of pelvi ¢ discontinuity with
poor quality of remaining bone stock, the authors rec-
ommend the use of a custom-made acetabular com-
ponent.

In our study, we evaluated the concordance of
indications of Paprosky’s algorithm and the CT-ARA
and the surgeries effectively performed. We reported
concordance of indication in 56,2% of cases with the
Paprosky’s algorithm and in 63,8% of cases with the CT-
ARA. Analysing only the most recent patients (Group
2) we reported even higher difference of concordance

(67,3% Paprosky’s algorithm and 83,7% CT-ARA).
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Moreover, the concordance of the CT-ARA
among Group 1 and Group 2 was significantly differ-
ent. This difference may be justified by the fact that
Group 2 represents the more recent cohort. The sur-
gical strategy for these patients may be influenced by
the increasing use of high quality preoperative CT.
Secondly, the progressive spread of new prosthetic
materials and designs could have influenced surgeons’
decisions also without a determined algorithm.

There are some limitations in this study. First, the
retrospective design of the study may influence the its
validity. The second weakness is that some categories
of the CT-ARA are represented only by few patients.
Finally, a limitation of all classifications and algorithms
with therapeutic indications is the necessity of further
updates for the continuous advancement of diagnostic
and therapeutic technologies.

Conclusions

Management of periacetabular massive bone loss
is one of the most challenging aspect of hip revision
surgery. Meticulous pre-operative planning is essen-
tial to achieve stable and long-lasting fixation of the
acetabular cup. The proposed CT-based Acetabular
Revision Algorithm (CT-ARA) may be a useful tool

for the preoperative decision-making process.
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