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Abstract

Thepresent paperbearsdiscussioninnature and doesn’t claim for any scientific evidence. The purpose
istoidentify which classification of acetabular defects currently is the most employed inrevision hip joint
arthroplasty, and how precise this classification reflects the true defect severity and gives the objective
grounds for selection of revision implants. Materials and Methods. The authors conducted literature
analysis in PubMed and eLIBRARY for the last five years. 170 publications in English, German and Spanish
languages as well as 15 works in Russian language dedicated to classification of acetabular defects were
selected. Results. W. Paprosky classification was found to be the most applicable, namely, in 65,9% of
foreign publications and in 100% of Russian papers. AAOS classification was used in 22.9% of cases, Gross
and Saleh — in 4.1%, Gustilo and Pasternak — in 1.2%. 5.9% publications reported use of two
classifications. The reasons for Paprosky classification popularity is the possibility to evaluate defect
basing on standard pelvis X-rays in preoperative stage as well as in retrospective research. At the same
time, according to literature, the confidence of Paprosky classification (accuracy of correspondence
to intraoperative findings) varies from 16 to 66% for different areas of acetabulum, and during
reliability assessment (consistency between different specialists) kappa coefficient varies from 0.14 to
0.75 depending on experience of the specialist and specifics of the defect. One of the possible reason
for discrepancies in assessment of defect grade are the iatrogenic and posttraumatic changes of the
acetabulum. Nevertheless, Paprosky classification is evolving and, considering additional parameters,
like type of defect (contained or non-contained) and pelvic ring continuity, it allows to create a full-
fledge algorithm for selection of revision implants and defect replacement which is adequate to the up-
to-date surgical needs. At the same time onrush of digital technologies of 3D-visualization considerably
expands our possibilities for preoperative defects assessment and offers promising potential for
development of new classifications, whose benefits are yet to be evaluated.
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Number of revision hip replacements (HR)
is increasing every year around the world
[1-4]. In some countries with minor annual
increase of overall number of arthroplasties
the rate of revisions substantially outpaces
the growth rate of primary procedures [3, 5].
In other countries where primary hip arthro-
plasty is still intensively develops revision
rate growth is substantially lower, but non
the less overall number of such procedures
is increasing every year [4, 6]. Revision pro-
cedures demand significantly more solid re-
sources — availability of specialists skilled in
revision techniques, heavy stock of various
implants, corresponding instruments, bone
grafting capacities which ultimately signifi-
cantly increases economic expenditures of
separate institutions and country in general
[5, 7-9]. At the same time the outcomes of
revision surgeries are far from desired — the
complications rate is much greater than af-
ter primary procedures [10, 11, 12, 13] and
five-year implants survivorship after differ-
ent revisions varies from 67,0 to 84,8% [14].
Despite changing structure of indications for
revisions and increased importance of recur-
rent dislocations and infection [3, 15] many
national arthroplasty registers demonstrate
that for many years aseptic loosening and
peri-implant osteolysis remain the key fac-
tors resulting in bone defects of various span
and site [16].

Preoperative planning of revision stipu-
lates that surgeon exactly understands all fea-
tures of bone defect to work out the optimal
treatment option, select necessary implants
and defect replacement technique, and, prob-
ably, specialized instruments or decide for
production of custom made implants [17-21].

Various classifications were developed for
evaluation of periacetabular bone loss in re-
vision joint arthroplasty. The key aim of such
classifications is the description of defects
specifics to unify treatment solutions as well
as a possibility for comparison of various pro-
cedures efficiency in similar situations. Some
classifications have defect type and volume
of bone loss in the basis (Gross [22], Parry

[23]), the other — anatomical landmarks en-
suring more precise preoperative planning
(Paprosky [24], AAOS [25], Gross in modifica-
tion of Saleh [26].

The aim of the to study — answer the fol-
lowing questions in the present publication:
1) which classification of acetabular defects
is the most used today? 2) how precisely this
classification reflects the true severity of
defect and objectifies the choice of revision
components? 3) are classifications needed
today in the context of available complete
defect visualization based on current CT ex-
amination with 3D modeling of the image?

According to some authors Paprosky and
AAOS classifications are the most cited cur-
rently in literature [27-30]. Other authors
consider Saleh and Gross classification as the
most used [30-33].

For the present study the authors per-
formed literature search for the past five years
in PubMed database on keywords ,,acetabu-
lar revision“ and ,,acetabular defect classi-
fications®. Only full text papers are the sub-
ject of analysis. 170 out of 956 publications
contained the information on application
of classifications for acetabular defects. 112
(65,9%) papers mentioned Paprosky classifi-
cation, authors of 39 (22,9%) used AAOS sys-
tem, 7 (4,1%) papers reflected application of
Gross classification in modification of Saleh,
two (1,2%) papers — Gustilo and Pasternak
[34], and 10 (5,9%) publications considered
two classifications.

The authors also searched Russian elec-
tronic scientific library — eLIBRARY. 15
publications were found by request for
»acetabular revision“ and ,acetabular defect
classification® which contained information
on defects classification in revision replace-
ment. Paprosky classification was used in 14
papers, abstract of one publication contained
indication for AAOS classification and paper
text — Paprosky classification.

Thus, we can conclude that W. Paprosky
classification published in 1994 is used in
the absolute majority of cases recently to
standardize the defects. This classification
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has clear anatomical landmarks which ac-
cording to many authors enable high repro-
ducibility and ensured the highest popularity
among surgeons [23]. The creator himself in
one of his publications ,,modestly, notes that
Paprosky classification is most often used to
identify location and volume of acetabular
bone loss [35].

At the same time the American Academy
of Orthopaedics Surgeons (AAOS) classifi-
cation system [25, 32] is the most detailed
from the above mentioned, it allows to rath-
er precisely localize the defect and visual-
ize it’s pattern (segmental, cavitary, com-
bined) (Table 1). However, this classification
doesn’t reflect the severity of such altera-
tions: not necessarily the defect of type III
is more severe than type II, and moderate
defect of type II is significantly easier for
revision as compared to extensive defect
of type I. Accordingly, the present classifi-
cation only insignificantly determines the
defect replacement tactics and technique
of reimplantation of acetabular component
[36] which complicates assessment of out-
comes after various surgical solutions in
cases similar in respect of severity.

In contrast to AAOS classification rating
second on citation rate the classification of
the German Society for Orthopaedics and
Traumatology (DGOT) published in 1997
[37] (Table 2) is mentioned only once for
past five years in the work of K. Horas et al
[31]. This classification has much in com-
mon with AAOS but the volume of defect is
also poorly specified. Although description
contains clarifications, their clinical appli-
cation is difficult and almost impossible in
preoperative period. In particular, defect
types II-IV are described as mono-segmen-
tal. Type is identified after corresponding
localization of the leading defects. All defect
types, besides, can have simple cavities and
bone defects <50% of other acetabulum seg-
ments. So, the final assessment under this
classification is possible only during the
surgery after removal of acetabular compo-
nent. The present evaluation system is con-
structed more logically in respect of severity
but is rather subjective due to no indication
of the volume of the main defect. Besides, in
contrast to AAOS the present classification
is much less recognized in English language
literature.

Table 1

AAOS classification of acetabular bone defects [25]

Type Name

Description

Type I Segmental

Peripheral:
Superior
Anterior
Posterior

Central (no medial wall)
Type II Cavitary

Peripheral:
Superior
Anterior
Posterior

Central (medial wall preserved)
Type III Combined
Type IV

TunVv

Pelvic discontinuity

Arthrodesis

Loss of part of the acetabular rim or medial wall

Volumetric loss in the bony substance of the acetabular cavity

Combination of segmental bone loss and cavitary deficiency
Complete separation between the superior and inferior acetabulum

Arthrodesis
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Table 2
Classification of the German Societ%'for Orthopaedics
and Traumatology (DGOT?) [37]
Type Name Description
Type I Simple cavity After removal of loosened acetabular component the ring of acetabulum
component is preserved, roof and rims of acetabulum are intact
Type Il | Mono-segmental defect | Segmental defect of medial wall, usually developed in result of central protrusion
of the implant. Perforation of acetabular floor and, consequently its significant
weakening is observed. Remaining part of ring is not damaged
Type III | Mono-segmental defect | Segmental defect of superior acetabular rim in the area of the main load.
of the roof Originates after cranial migration of loosened cup. Bone structures
of the remaining acetabular ring are almost not affected
Type IV | Mono-segmental defect | This segmental defect is located either on anterior, or on posterior rim
of anterior or posterior | of acetabulum. Rarely seen as isolated defect. Nevertheless, should be indicated
rim of acetabulum for reason of systematization. Such defect is mainly seen in posttraumatic
arthrosis or in dysplasia
Tun V Bi-segment superior- Rather common type of defect on superior rim and floor of acetabulum arising
central defect after craniocentral migration of loosened cup
Tun VI | Three segment defect Defect of anterior or posterior rim is observed in addition to combined defect
(roof, floor and rim) of type V
Tumn VII | Pelvic instability No bone contact between superior and inferior parts of acetabulum.
These segments can move relative to each other, full acetabular instability is
observed. Defects on anterior and posterior walls

*DGOT — Deutschen Gesell schaft fiir Orthopédie und Traumatologie.

Other systems like Gross (Saleh), Gustilo
and Pasternak, as well as Paprosky are refer-
ring exactly to severity degree which makes
them more user-friendly. Gross classification
with supplements by Saleh is based on the
volume of preserved acetabulum and defect
pattern — contained or uncontained (similar
to cavitary and segmental defects to some
extent) which is not always possible to evalu-
ate on X-rays, consequently requires precise
intraoperative control, and is hardly com-
plex to do in retrospective X-rays analysis
(Table 3). However, the present classification
provides quite clear algorithm for surgical
decision making during the procedure [32].

Bone loss severity index according to
Gustilo and Pasternak [34] was used three
times for past five years (twice as the only as-
sessment tool and once in combination with
Paprosky classification) (Table 4). This tool
looks rather primitive in contrast to other
classifications with insufficient specification
of visualized changes, broad interpretation

of X-ray signs and rather wide choice of sur-
gical options for any category.

In turn, Paprosky classification is based
on the analysis of standard X-rays and by
description allows to considerably foresee
potential surgical challenges during revi-
sion and to a certain extent can serve as an
algorithm for revision THR, all of the above
is making this classification the most inter-
esting for clinical application. Reference to
four simple X-ray signs a surgeon can classify
any status basing on standard AP pelvis view
(Table 5). Uninterrupted Kohler line features
integrity of medial wall and anterior column,
while any overlapping of acetabulum compo-
nent with this line witnesses damage of those
structures. Distinct teardrop also confirms
intact medial wall as well as inferior aspects
of anterior and posterior columns. Sciatic os-
teolysis implies injury of posterior wall and
posterior column, while vertical migration of
acetabular component — injury of acetabular
dome [36]. However, identification and inter-
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pretation of those signs bear certain subjec-
tivity leading to discrepancies in evaluation
of bone loss severity by various specialists
[23, 38].

Any classification is evaluated by accu-
racy of reproducibility, in our case, to what
extent of uniformity various experts evalu-
ate the same X-rays. Another criteria is reli-

ability (validity) — to what extent the X-ray
evaluation of defect corresponds to intraop-
erative findings. Cohen’s kappa (k) is used
for evaluation of both criteria, where zero
value demonstrates a very weak probability
of facts correlation, and value close to 1 fea-
tures almost complete match of two opin-
ions or facts.

Table 3

Classification of acetabular bone loss by A. Gross amended by K. Saleh [22, 26]
and suggested clinical options [32]

Type Description Reconstruction options
I No significant loss of bone stock Uncemented or cemented hemispherical
acetabulum component

11 Contained loss of bone stock (cavitary expansion of Uncemented hemispherical acetabulum
acetabulum without deficit of the acetabular walls) component or impaction bone grafting

111 Uncontained loss of bone stock involving segmental Uncemented hemispherical acetabulum
defect less than 50% of acetabulum (minor column component and small structural graft
defect, a — anterior, or b — posterior column) or metal augment

v Uncontained loss of bone stock involving segmental Large structural graft protected by
defect more than 50% of acetabulum with anterior and | reconstructive cage or metal augment also
posterior column defect. (In case of >50% acetabulum | protected by cage
bone loss involving mainly medial wall but with intact
columns, such defect is classified as type II due to
availability of columns for reconstruction)

\Y% Pelvic discontinuity with uncontained loss of bone Cup-cage system with large structural graft
stock or metal augments

. . . Table 4
Classification of acetabular bone loss by Gustilo and Pasternak [34]
Type Description

I Radiolucent lines around the acetabular component, minimal bone loss

11 Severe acetabulum enlargement. Marked thinning of acetabulum

111 Anterior, superior and/or central bone loss causing instability of the implant

v Acetabular collapse with fracture or severe bone loss
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Table 5

Classification of acetabular bone loss b?r Paprosky [24] with refinements

’

X-ray findings
Type | Migration of rotation Kohler’s Description
center of femoral Ischial lysis »leardrop,, line
component
I Minimal or absent No Intact Intact Acetabular rim and both
columns are intact, there are
minor contained defects; >90%
bone contact
ITa Minor Minor (<7 mm) | Intact Intact Minor superior defect, 80-90%
bone contact
ITb Moderate Minor (<7 mm) | Moderate lysis Intact Supero-lateral displacement —
(<3 cm) not exceeding 3cm, >60% bone
contact
Ilc Medial Minor (<7 mm) | Moderate lysis Moderate Isolated medial migration,
(<2 cm) (loss of lateral contour) | disruption | intact rim, broken Kohler’s line
up to severe lysis
(loss of medial contour)
IIla | Major cranio-lateral | Moderate Moderate lysis No Major superior displacement,
(>3 cm) (7-14 mm) (loss of lateral contour) | disruption | rim is affected no more than
for 1/2 of its diameter, teardrop
is poorly visualized, minimal
ischial osteolysis, <60% bone
contact
IITb | Severe cranio-medial | Severe Severe lysis Major Severe defect, only remnants
(>3 cm) (>15 mm) (loss of medial contour) | disruption | of columns are preserved, bone
contact less than 40%

There were many attempts to verify accu-
racy and reliability of Paprosky classification.
Back in 1996 Joerg Jerosch et al presented an
interesting study: 350 X-rays were evaluated
by six surgeons with different professional
experience. Acetabular rim defect was eval-
uated correctly only in 66% of cases, inter-
pretation of bone loss signs demonstrated
even poorer results — medial defects were
adequately assessed only in 49% of cases. In
general, accuracy of preoperative defect veri-
fication was 25%, the values were improving
with more skilled surgeons and decreasing
with more severe acetabular defects up to
16%, the consistency between the experts
was quite moderate (x = 0,54) [41]. At the
same time W. Paprosky et al in their original
paper reported 100% match of preoperative
defect evaluation with intraoperative find-
ings for type I bone loss, 89% — for type I and
95% — for type III [24], other research groups

were unable to achieve similar comparabil-
ity [40, 42]. However, quantitative analysis of
alterations by Raymond Yu et al allowed to
significantly specify verbal grading of mod-
erate, severe etc [40]. In their study a more
substantial defect of ,teardrop” was related
to higher values of intraoperative defects
(p = 0,0015), bigger disruption of Kohler’s
line was associated with a larger area of in-
traoperative defects (p = 0,0011), more com-
plex superior X-ray defect was related to a
greater area of bone loss in superior aspect
of acetabulum during the surgery (p<0,0001).
At the same time, no significant relation
between ischial osteolysis degree and four
grades in accordance with classification
(p = 0,21), but severe intraoperative defects
were assessed as marked on preoperative
X-rays.

Data on Paprosky classification reliabil-
ity is also contradictory — Cohen’s kappa (k)
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varies from 0.14 up to 0.75, while most often
the authors observed values ranging from 0.4
to 0.6 [18, 23, 40, 42]. The following reasons
can account for such heterogeneity: subjec-
tivity in classification evaluation, challenges
during identification of anatomical land-
marks on X-rays, challenges with interpre-
tation of X-ray findings themselves. Other
researchers note the importance of training
in application of classification. After train-
ing and repeated X-ray analysis the Cohen’s
kappa increased from 0.66 to 0.71, whereas
without training the Cohen’s kappa coeffi-
cient increased only from 0.50 to 0.53 which
was statistically insignificant [40]. In general
the majority of authors agree that Paprosky
classification is valid but bears substantial
subjectivity and requires standard and ob-
jective protocol for registration of measure-
ments [31, 42].

At the same time we should not forget that
the present classification was developed for
periacetabular bone loss resulting from os-
teolysis and loosening of acetabular compo-
nent and almost doesn’t consider specifics of
iatrogenic and posttraumatic revision defects
[38]. Besides, classification is based on pelvic
X-rays examination in AP view, while during
almost 25-year history of application of this
classification new options were developed
for creating solid virtual models based on
CT scans which significantly expanded our
vision and capabilities. Claus et al in their
cadaveric study of 2003 demonstrated that
accuracy of evaluation for perioprosthetic
osteolysis on standard pelvis X-ray doesn’t
exceed 40% but can be increased up to 70%
with additional views. In particular, minor
periprosthetic defects of sciatic bone or ac-
etabular rim were hardly identifiable basing
on one X-ray, sensitivity approximated 15%
[43]. Other ex vivo studies using hip joint
pelvic models demonstrate similar results
and causing doubts on reliability of separate
X-ray for visualization of acetabular
defects [44].

No doubt that many refinements made in
subsequent papers allows to give more spe-

cifics to evaluation of separate signs and en-
hance accuracy of reproducibility. Additional
parameters (segmental or cavitary patterns
of defects) and assessment of pelvic con-
tinuity enables this classification to act as
full-fledged algorithm for defects replace-
ment and choice of implants in various clini-
cal cases (Fig. 1) [45]. Non-the-less even the
authors of this classification in their recent
publications report the need for additional
defect assessment with 3D-modeling tech-
niques based on CT data to enhance visuali-
zation accuracy and to produce customized
implants [46].

Disagreements between experts in our
practice are not infrequent due to mismatch
of common interpretation of X-ray findings
and real complexity of revision procedure.
Such disagreements most often occur during
evaluation of iatrogenic and posttraumatic
defect. This can be illustrated by a X-rays
of a male patient, 28 years old, who under-
went total hip replacement 2 years ago in
another hospital due to consequences of ac-
etabular fracture (Fig. 2). Cup displacement
and consequently of rotation center upwards
much over 2 cm, no osteolysis of sciatic bone,
steardrop,, is visualized through with some
deformity, disruption of Kohler’s line is uni-
dentifiable due to displacement of the whole
posterior column. The present defect can
equally be classified as IIla and IIIb while CT
demonstrates that initially the cup was in-
serted with superior and posterior displace-
ment and there was no defect of posterior
wall. During surgery the cup bed was formed
closely to the true rotation center with about
65% of contact with underlying bone. First
the acetabular component was inserted and
good fixation was obtained, but considering
sufficient coverage deficit of postero-superi-
or aspect (about 35%) a metal augment was
inserted at the second stage providing fixa-
tion to the cup by bone cement. The present
clinical case clearly demonstrates impossi-
bility to evaluate the features of the defect
and it’s classification by roentgenological
markers used in Paprosky classification.
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Femur rotation center
2 ¢cm above true center?

Type 2A
(cavitary defect)

Medial migration over
Kohler’s line

— hemispherical cup

Type 2B

no

yes

Do we have press-fit on

test-component?

4

(segmental defect <30% bone contact)
—hemispherical cup

Type 2C (protrusion)
—medial cancellous allograft
— hemispherical cup

/

Type 3A
(circular shape)

circular

/

Is there a possibility to
gain secure biological
fixation by hemispherical
cup?

Shape of the
acetabulum after
reaming

— jumbo hemispherical cup

Type 3A

(elliptic shape)

Pelvic instability?

no

— structural allograft from distal femur
with hemispherical cup
—trabecular cup and augment on
superior portion
—cup placement into high rotation
center

elliptic

Type 3B, stable pelvic ring
Non-biological fixation

yes

y

Is bone healing of
pelvis possible?

yes

no

— cancellous allograft with cage
— structural allograft (posterior column) with cage
Biological fixation
— trabecular metal cup with augment
— three-flange customized implant

Type 3B
(acute pelvic instability)
— internal fixation by cage with allograft
— plate fixation with a trabecular metal cup

Type 3B
(neglected pelvic instability)
Wedging
— grafting of acetabulum
—trabecular metal cup with augment
— three-flange implant

Fig. 1. Algorithm of treatment for acetabular defects (by the courtesy of W. Paprosky) [45]
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Fig. 2. X-rays and CT scans of male patient, 28 y.o.,
with loosening of acetabular component and
consequences

of acetabular fracture:

a, b — prior to revision;

¢, d — two years after revision

Another case is iatrogenic defect when
signs on standard pelvis X-rays do not re-
flect true severity of the defect. In particular
formation of high rotation center in case of
severe dysplasia is on the widespread arthro-
plasty methods [47, 48]. However loosening
of highly positioned cup can be immediate-
ly considered as Illa type defect despite the
fact that in reality the inferior aspects of the
acetabulum are intact and preserve the pos-
sibility of secure primary fixation and per-
spectives of further osteointegration. X-rays

of female patient, 55 years old, demonstrate
cranial cup displacement approximately of 7
cm after multiple surgeries where acetabular
component was positioned into the false ac-
etabulum. There was a defect of superior wall
at time of revision with no lysis in internal
and posterior walls. Formally such defect is
classified as type Illa while true anatomi-
cal changes do not correspond fully to this
type — inferior structures of acetabulum re-
main minor affected and allow to form a good
bed for uncemented cup (Fig. 3).
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Fig. 3. X-rays of female patient, 55 y.0.: a — at admission; b — after revision

We can see also a reverse situation when at
first sight insignificant defect in the acetabu-
lar floor (IIc type by Paprosky) is the masked
severe defect of IIIb type. The present clini-
cal case was courteously provided by out col-
league from a different hospital.

Female patient of 47 years old with bi-
lateral congenital dislocation was ear-
lier operated on the left joint (shortening
Paavilainen osteotomy) (Fig. 4). During
surgery on the right joint using similar
surgical technique a fracture of acetabu-
lar floor occurred, double grafting was
performed and additional cup fixation by
screws. Postoperative X-rays show medial
migration less than 2 c¢cm, minor vertical
migration, alerting though is only the com-
plete destruction of ,teardrop” which is al-
lowable for Ilc type. Naturally, there is no
ischial lysis. However, next day after sur-
gery further cup migration occurred which
significantly worsened the situation and
required complex reconstruction by a tita-
nium mesh with impaction allografting.

Another case of mismatch between ap-
parent and true severity of the defect is pel-
vis X-ray of a male patient, 56 years old. In
13 years after primary hip replacement the
patient was hospitalized for revision due
to major wear of polyethylene insert and
periprosthetic osteolysis (Fig. 5a—c). Pelvis
and hip joint X-rays in AP and lateral views

demonstrated significant lysis in proximal
femur and moderate retroacetabular osteol-
ysis. No disruption of Kohler’s line, minimal
ischial lysis, no damage to internal contour
of ,teardrop®, lateral contour is not visual-
ized (probably due to overlap with cup or to
osteolysis), medial displacement of rotation
center only in range of insert weak. This de-
fect can be classified as IIb and possibly Ila
maximally by Paprosky. During surgery after
removal of the insert the absence of medical
wall under the cup was observed. Cup was
removed, bone grafting with structural allo-
graft from femoral head was performed and,
considering preserved acetabular ring, an
uncemented hemispherical revision cup was
inserted (Fig. 5d). 7 years postoperatively
there is partial graft lysis, minor migration
of the inferior cup border without clinical
signs (Fig. 5e).

In practice we face complications during
X-rays assessment based on such criteria as
contained and uncontained defect and judg-
ing on the volume of the defect. Such criteria
are very important for unified evaluation of
surgery outcomes and development of a sin-
gle approach to surgical tactics. Perhaps fur-
ther research dedicated to the more detailed
specification and definition of criteria for
describing above defects is needed. Criteria
described in classification of Saleh and Gross
could be a good supplement to the anatomi-
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cally oriented Paprosky classification. Saleh  volume (less or over 50%). Gross classifica-
and Gross criteria identify such notions as tion in general was intended for intraopera-
contained and uncontained defect subdivid- tive defects evaluation and it’s task was to
ing the latter one depending on the bone loss  justify use of various allografts.

Fig. 4. X-rays of female patient, 47 y.o.:

a — prior to first surgery; b — immediately after first surgery;
¢ — one day after surgery; d — after revision surgery

Fig. 5. X-rays of male
patient, 56 y.o.:

a, b, c — 13 years after
surgery
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Fig. 5(d, e). X-rays of male patient, 56 y.o.: d — after revision; e — 7 years after revision surgery

Figure 6 presents X-rays of male patient,
65 years old, with loosening of the cup in 5
years after primary surgery, periprosthetic
infection and acetabular defect of IIIs type.
Two stage procedure was used. First included
implantation of articulating spacer. 2 months
postoperatively the patient fell and sustained
periprosthetic fracture. Spacer was replaced
by a prosthesis. Considering contained pat-
tern of Illa defect despite of its substantial
size impaction bone grafting was performed
and bone cement fixation of polyethylene
cup — solid primary fixation obtained.

Even the more severe defects with signifi-
cant medial cup migration but with preserva-
tion of medial support provided by displaced
medial wall allow to use standard hemi-
spherical cups for revision in combination
with impaction bone grafting.

Female patient, 56 years old, twice oper-
ated, underwent latest surgery 5 years ago
(Fig. 7). This is a IlIb type defect by the de-
gree of superior-medial migration, however,
the ischial lysis is insignificant (less than 7
mm). Medial ,,teardrop” contour is preserved
and the most important is that medial wall
is preserved thought with major deformity.

Preserved medial support (contained defect
type) allowed to perform impaction bone al-
lografting and insert a hemispherical unce-
mented cup additionally fixed by two screws.
In 6 months and in 11 years we see gradual
compaction and resorption of allograft, in-
ferior cup migration is observed but without
clinical signs of cup loosening. The patients
thinks revision unnecessary.

On the contrary, an uncontained defect
pattern, even with minor medial displace-
ment, requires the use of reconstructive an-
ti-protrusion cages. Female patient, 52 years
old, primary hip arthroplasty performed
one year before (Fig. 8). Pelvis X-ray dem-
onstrated moderate disruption of Kohler’s
line (medial migration less than 2 cm) and
minor cranial displacement (rotation center
less than 3 cm from line connecting ,tear-
drop®), medial ,teardrop” contour is pre-
served. Ischial lysis is difficult to evaluate
but considering short period from previous
surgery most likely the lysis will not be ma-
jor. Formally this is a Ilc type defect but with
uncontained lesion of medial wall. Thus, our
implant of choice was anti-protrusion Burch-
Schneider ring.
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Fig. 6. X-rays of male patient, 65 y.o.:

a — 5 years after primary hip replacement;
b — after insertion of articulating spacer;
¢ — after fall;

d — after revision

v T
» B

| }‘

Fig. 7. X-rays of female patient, 58 y.o.:
a — prior to surgery;

b — immediately after the surgery;

¢ — 6 months after surgery;

d — 11 years after the surgery
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Fig. 8. X-rays of female patient, 52 y.o.: with Ilc type of defect:
a — at admission; b — after revision

When discussing a defect of IIla type
we understand that we talk about so called
»up-and-out” defect, which is the damage of
superior-lateral aspect of acetabulum with
minimal damage to anterior column and ac-
etabular floor, meaning that most likely we
will need to use special augments or implants
providing support for the cup in the superior-
lateral portion of acetabulum. However, Illa
type defects are highly heterogeneous group
of patients and subdivision of defects for
contained/uncontained or cavitary/segmen-
tal would make the used techniques more
comparable. All patients in figure 9 have
roentgenological signs distinctive for Illa
defect type, however, in case of contained or
cavitary defects a standard high-porous cup
will be sufficient (Fig. 9a). In more complex
cases, with uncontained or segmental defect
use of augments (Fig. 9b) or customized im-
plants (Fig. 9c) is a must.

When discussing IIIb type defects we un-
derstand that osteolysis area and destruction
of acetabulum affected primarily superior,
medial walls and anterior column with quite
limited host bone stock. Very likely this is the
most challenging acetabular defect from sur-

gical standpoint, if we do not consider pelvic
ring disruption. However, possibly clarifica-
tion of such defect type in terms of volume
of bone loss and support ability of the me-
dial wall would, undoubtedly, make the pic-
ture more detailed. All patients in figure 10
had ,,up-and-in“ damage but various surgical
techniques were applied due to various vol-
ume of defects. Can we equate those defects?
Can we foresee accuracy and predict late out-
comes? Apparently, no.

Paprosky classification was suggested
about 25 years ago and for all those years
served as an algorithm for surgical decision
making basing on the analysis of anatomical
changes on overall pelvis X-ray. Meanwhile
computer tomography with the possibility of
3D reconstruction became an integral part of
the clinical practice which, on the one hand,
significantly expanded our visualization of
acetabulum and, on the other hand, created
prerequisites for prototyping of defect and
virtual planning of surgery using both stand-
ard and customized implants [ 49, 50]. Thus,
we face a reasonable question: do we today
need Paprosky classification (or any other) to
describe acetabular defects?
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Fig. 9. Three clinical cases with IIla type defect:

a — contained defect; cementless semi-spherical cups — X-rays prior to revision and 8 years after revision;
cups positioning is not optimal but contained pattern of the defect, sufficient large contact area

and cementless fixation provided good long term outcome;

b — non-contained defect; semi-spherical cut and customized augment — X-rays at admission

and in 3 months after revision;

¢ — use of customized three-flanges implant — articulating spacer implanted due to periprosthetic
infection, X-ray signs of Illa type defect, side and shape of defect determined the choice of custom-made
implant
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Fig. 10. Three clinical cases of patients with IIIb type defects:

a — contained defect: bone grafting by bone chips, cup of 76 mm; minor migration of inferior component
of the cup is visualized 3 years postoperatively along with good compaction of allografts

and no osteolysis around the cup, no clinical signs of loosening;

b — contained bigger size defect without damage of walls, bone grafting was used with anti-protrusion
Burch-Schneider ring, 8 years after revision;

¢ — massive defect with loss of medial wall integrity, bone grafting with custom-made implant,

outcome in 2 years postoperatively
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According to literature this classification
is still valid today though having some draw-
backs. In contrast to other this system has
rather precise anatomical references, when
a surgeon with correct perception and un-
derstanding of this classification basing on
standard overall pelvis X-ray can adequately
predict challenges in the operation theatre.
We are aware that today the size and location
of the periprosthetic defect is not the only
question which needs an answer. It’s equally
important to know the volume of bone loss
for planning grafting, presence and location
of disruption of the defect wall, expected
contact area between implant and host bone,
and finally the quality of periprosthetic bone
tissue to provide sufficient primary fixation
of the implant and screws and then osteoin-
tegration. Naturally additional information
like high quality CT imaging significantly ex-
pands our possibilities. During recent years
we are able to substantially improve the
quality of obtained images by implementa-
tion of new software for clearing the image
and receiving a virtual picture maximally
reflecting the true situation. However, this
process requires high qualification of spe-
cialists, vast experience in separation of bone
tissue from multiple artifacts (dense scar tis-
sue, metal debris, remains of bone cement).
Densitometry criteria of bone density are
widely introduced during last years to reflect
the bone quality. But we should not forget
that bone density and bone capability for
regeneration and osteointegration are not
synonyms. Besides, there is rather big error
in measurements of bone density of the same
samples on CTs of different manufacturers.
Thus, F. Eggermont et al in their study dem-
onstrated that average difference between
various computer tomographic scanners
amounted to 7% for assessment of cortical
bone, 6% — for trabecular bone, 6% — for
mineral density of bone and 12% — for corti-
cal and trabecular areas, during reconstruc-
tion the error reached 17% [51].

Thus, today in the widely available re-
search on revision arthroplasty Paprosky

classification remains the most used, in ma-
jority of cases it allows to determine defect
type, to unify evaluation of outcomes and to
compare various techniques in more or less
similar situations. Do we need a new clas-
sification based on 3D-modeling? It appears
that not at the moment, while it may lead
to excessive detailing in defects description
while the major principles of revision arthro-
plasty remain constant. On the other hand,
some substantial additions would be in our
opinion very helpful while they will allow
to optimize choice of procedure and ensure
more precise planning. We mean additional
specification of defects basing on such cri-
teria as contained/uncontained defect and
pelvis discontinuity. Perhaps, it would be
useful to apply two classifications similarly
to evaluation of functional outcomes when
one scale is not sufficient (for example,
Harris Hip Score) and some patient survey
is added (Oxford Hip Score or WOMAC).
Naturally a questions remains unsolved
in respect of volume of bone tissue dam-
age. Above X-rays demonstrate significant
difference in defect volume which means
that surgical tactics as well as probability
of unfavorable outcomes of revisions will
most likely be different. Increasingly active
introduction of current visualization and
prototyping methods greatly expanded out
perception on acetabular defects and ena-
bled customized choice of implants, but the
principles elaborated during past quarter
of a century remain important for under-
standing the essence of anatomical chang-
es. Respectively, application of Paprosky
classification is still actual while it allows
surgeons speak the same language and to
the large extend determine the choice of
surgical tactics. Probably further develop-
ment of digital techniques in the foresee-
able future will broaden our options not
only for defect visualization but our capa-
bilities to understand the vitality of host
bone, and perhaps then we would need a
new classification based on completely new
principles.
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