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Introduction Preoperative assessment of the acetabular bone defect location and size is an important stage in the preparation 
for revision hip arthroplasty. It is generally recognized that radiographs are not sensitive enough to assess peri-implant 
osteolysis, and therefore difficulties arise in determining the true dimensions of acetabular defects and in choosing the 
optimal surgical tactics. Purpose To determine the effect of three-dimensional visualization of the pelvic bones in patients 
with significant acetabular defects on the evaluation of the defect and the choice of surgical tactics at the stage of planning 
operations. Materials and methods For our study, a questionnaire was compiled, in which the surgeon’s experience in 
performing revision interventions in the hip joint was evaluated and it was proposed to consistently evaluate 20 clinical cases 
based on radiographs, and then on three-dimensional reconstruction. Each clinical case was asked to be evaluated for defect 
type according to the Paprosky classification, and also to choose one of the proposed options of surgical techniques. Results 
After comparing the data obtained by viewing the radiographs with the data obtained after evaluating the three-dimensional 
reconstruction of the defect, the Kappa consistency coefficient for the type of defect according to the Paprosky classification 
was 0.10 (95 % confidence interval 0.05–0.26), and for the choice of surgical tactics was equal to 0.08 (95 % confidence 
interval 0.01–0.15). It indicates that surgeons changed their minds in a significant number of cases. Conclusion The results 
of the study show the need for additional studies, in particular three-dimensional visualization, as part of the preoperative 
planning of revision arthroplasty, especially in cases of complex acetabular defects.
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INTRODUCTION

The data of epidemiological studies indicate 
a steady growth in the number of revision hip 
arthroplasty (RHA) in the coming years [1–4] due 
to an increase in life expectancy and in the absolute 
number of primary THA in young patients [5, 6].

The most common cause of RHA, according 
to national registers, is aseptic loosening, which 
is accompanied by peri-implant osteolysis [7]. 
Pathogenetically, the process of peri-implant 
osteolysis is initiated and supported not only 
by mechanical factors but also by a cascade of 
biological reactions based on inflammatory process 
and leading to progressive loss of bone tissue [8]. 
Osteolysis accompanying aseptic loosening is often 
asymptomatic until pain is felt due to mobility in the 
implant-bone interface [9]. 

Revision interventions feature great complexity 
and are associated with a high risk of postoperative 
complications [10, 11], resulting in repeated revisions. 
Therefore, surgeons in their practice face with complex 
bone defects in the acetabulum, requiring the search for 
new solutions at the planning and surgical treatment 
stages. The preoperative assessment of the location 
and size of bone defects in the acetabulum is an 
important stage in the preparation for revision surgery 

and determines the intraoperative tactics regarding the 
choice of the necessary implants and methods for bone 
defect management [12]. The location of the defect and 
its dimensions are not the only aspects that should be 
considered in preoperative planning. Ideally, surgeons 
should know the exact amount of bone loss in order 
to assess the need and possibility of using structural 
allo- and autografts, serial cups of large sizes, metal 
augments, support rings and cup-cage designs. 
Information on the quality of the peri-implant bone, 
integrity of reaming, osseointegration sites can also be 
used to assess the expected loss of bone tissue when 
removing an unstable acetabular component [13].

Various classifications have been proposed 
for defects in the acetabulum, [14–17] but the 
classification of W.G. Paprosky (18) published in 
1994 is the most widely used in clinical practice. 
This classification defines the main patterns in the 
process of peri-implant osteolysis and is based on 
four radiological signs that characterize changes in 
various parts of the acetabulum [19].

The Paprosky classification is a useful tool in 
determining the acetabular defect type and the algorithm 
for subsequent surgical treatment. However, given its 
limited reliability and validity [20, 21] and the growing 
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number of increasingly complex situations by performing 
RHA, there is a need for additional diagnostic options, 
which should include three-dimensional reconstruction 
of the pelvis based on CT scans [22].

To date, the available studies have not raised the issue 
of the significance and impact of three-dimensional 
reconstruction on preoperative planning and the choice 
of surgical tactics for revision arthroplasty.

Based on the foregoing, it seems reasonable 
to provide the surgeon with the most complete 

information about the area of surgical intervention, 
as well as to demonstrate the differences in the 
assessment of defects in the acetabulum and the 
choice of surgical tactics according to plain X-ray 
examination and three-dimensional reconstruction.

Purpose Determine the significance of performing 
three-dimensional reconstruction of the pelvic bones 
in patients with significant defects in the acetabulum 
at the stage of planning RHA operations and choosing 
the necessary implants for revision.

MATERIALS AND METHODS

To complete our study, a questionnaire 
was compiled that consists of questions of the 
introductory part to determine the experience of 
surgeons in performing RHA (Table 1) and the main 
part with 20 clinical examples before and after three-
dimensional reconstruction. It is available at http://
orthoopros.ru/opros-5.

In the first part of the questionnaire, the 
participants of the survey were asked to assess defects 
in the acetabulum in the X-rays which included 
three images: a panoramic radiograph of the pelvis 
and radiographs of the hip joint in direct and axial 
projections (Fig. 1).

Next, the same 20 examples were presented by 
three-dimensional reconstruction with the possibility 
of a circular vizualization (Fig. 2). The sequence 
of the demonstration of the cases was different 
from the sequence of radiographs and was random 
presentation.

Table 1
Questions of presentations

№ Question Variant of answer
1 Name and surname –

2 Experience in hip 
arthroplasty, years

(1) less than 10; 
(2) from 10 to 20; 
(3) from 21 to 30; 
(4) more than 30

3 Level of medical 
institution

(1) District hospital; 
(2) City hospital; 
(3) Regional hospital; 
(4) Federal medical centre;
(5) research institution 

of traumatology and 
orthopaedics 

4
Number of primary 
hip arthroplasties 
performed per year

(1) Fewer than10; 
(2) from 10 to 30; 
(3) from 31 to 51; 
(4) from 51 to 100; 
(5) More than 100

5
Number of revision 
hip arthroplasties 
performed per year

(1) less than 10; 
(2) from 10 to 30; 
(3) from 31 доto 51; 
(4) from 51 to 100; 
(5) More than 100

Fig. 1 Radiographs of a 44-year-old patient presented for 
evaluation in the questionnaire: a – anteroposterior view; 
b – axial projection

Fig. 2 Three-dimensional 
reconstruction of pelvis 
of a 44-year-old patient 
presented to be evaluated 
in the questionnaire

It was necessary to answer three questions on each 
case (Table 2) with the possibility of determining the 
type of defect according to the Paprosky classification, 
and also to choose one of the proposed surgical options. 
Next, surgeons' answers on each case were compared, 
and differences in the classification of defects and the 
choice of the method of surgical reconstruction of 
the defect area before and after the demonstration of 
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three-dimensional reconstruction were found.
Statistical processing was performed in the 

IBM SPSS Statistics v.23.0.0.0; Kappa consistency 

coefficient was used to determine the consistency of 
surgeons in determining the defect type according to 
Paprosky and choosing surgical tactics (25).

Table 2
Questions for discussing radiographs and CT reconstructions

№ Questions Variants of answers

1 What type of defect according to 
Paprosky?

(1) I;
(2) IIA;
(3) IIB;
(4) IIC;
(5) IIIA;
(6) IIIB;
(7) Breach of pelvic ring integrity

2 What variant of surgical treatment 
is optimal in this case?

(1) hemispherical acetabular component: 
а) standard hemispherical acetabular components;
б) многодырчатый hemispherical acetabular components;
в) extra-large hemispherical acetabular components (Jumbo cup); 

(2) hemispherical acetabular component combined with: 
а) sector augment; 
b) butress; 
в) antiprotrusion rings (Burch-Schneider ring, Mueller ring); 

(3) Customized implant

3 What additional options would 
you use?

(1) impaction bone plasty with cemented component; 
(2) bone chips plasty; 
(3) bone plasty with structural graft; 
(4) use of computer navigation; 
(5) your own variant

RESULTS

Ten surgeons took part in the survey. Depending on 
their professional experience, they were divided into 
three groups: a) clinical residents; b) surgeons with 
experience from 10 to 50 revision hip arthroplasties 
per year; c) highly experienced surgeons performing 
from 51 to 100 operations of revision hip arthroplasties 
per year (Table 3).

Table 3
Professional experience of surgeons

Residents Experienced 
surgeons 

Highly experienced 
surgeons 

n = 3 n = 4 n = 3

It was found that after defining the defect 
type according to the Paprosky classification, the 
number of matches for a plain X-ray image and 
three-dimensional reconstruction was from 10 to 
45 % (Fig. 3). Matches in the group of residents 
ranged from 20 to 35 %, in the group of experienced 
surgeons from 15 to 35 %, and in the group of highly 
experienced surgeons from 10 to 45 %. We also 
estimated the percentage of cases when surgeons 
tended to aggravate or simplify the defect type after 
examination of three-dimensional reconstructions. 
The Kappa consistency coefficient in the sequential 
assessment of an X-ray image and three-dimensional 
reconstruction by the same surgeon was 0.10 

(95 % CI 0.05–0.26), which indicates a rather low 
consistency in determining the type of defect using 
different imaging methods.

Fig. 3 A comparative analysis of differences in determining 
the type of defect according to Paprosky classification 
after surgeons have evaluated plain radiological images 
and three-dimensional pelvic reconstructions

In choosing the tactics of surgical treatment, the 
percentage of coincidences varied from 30 to 70 % after 
examination of spatial reconstructions (Fig. 4). In the 
group of highly experienced surgeons, the percentage 
of matches was 45 %, in the group of residents from 30 
to 50 %. The Kappa coefficient regarding the choice 
of surgical tactics was also low and amounted to 0.08 
(95 % confidence interval 0.01–0.15).

After analyzing the choice of options for acetabular 
component fixation, the most experienced surgeons 
were more likely to change their mind about surgical 
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techniques after examination of three-dimensional 
reconstructions with a tendency of increasing the stability 
by additional fixation of the acetabular component.

The lowest consistency (Kappa coefficient 0.03) 
was also found when surgeons chose additional 
options.

Fig. 4 Comparative analysis of the differences in the choice of surgical tactics after evaluation of plain radiological images and 
three-dimensional reconstruction of the pelvis

DISCUSSION

There are various opinions in the available literature 
regarding the use of three-dimensional technologies 
for planning in the orthopaedic practice. Brizzotto N. 
[23] describes the technique of spatial visualization 
of fractures as a logical development of preoperative 
planning which assists surgeons to significantly improve 
their understanding of damaged structures. Models 
of fracture sites were able to accurately reflect such 
features as articular surface fragment displacement 
and fragmentation of bone fragments. These nuances 
enabled to plan the length of the screws and the position 
of the reconstruction plates even at the preoperative 
stage. In contrast, Guy R.L. [24] and his team, discussing 
the importance of spatial reconstruction in acetabular 
fractures, came to the conclusion that it did not change 
the diagnosis but only slightly clarifies it. The additional 
fragments and cracks discovered by them according to 
the results of three-dimensional reconstruction did not 
have any practical significance. The authors emphasized 
the self-sufficiency of classical radiographs, although 
three-dimensional models were indicated as a good tool 
during the educational process and as a visual aid for 
young surgeons.

The need for preoperative 3D CT for planning was 
discussed in a study by P. Wu [25], where this technique 
found application in patients with acetabular dysplasia 
for accurate sizing of the acetabular component and 
screw positioning. The main conclusions of the work 
were the actual possibility of determining the size of 
the cup and the selection of the screw length using 
three-dimensional reconstruction in patients with 
dysplastic acetabulum [26].

Our study evaluated the difference in perception 
of the type of acetabulum defect on radiographs and 
three-dimensional reconstruction, as well as the effect 
of this difference on the choice of options for surgical 

tactics. The data obtained indicate a significant 
difference in the surgeon's perception of a specific 
clinical case while comparing two methods of imaging 
such defects. The Kappa consistency coefficient 
in determining the type of defect according to the 
Paprosky classification showed a very low value (0.1), 
and even lower (0.08) for choosing a surgical tactic. 
In our opinion, it suggests that surgeons perceive and 
evaluate the defect differently in a significant number 
of cases, and also choose options for surgical tactics 
depending on the imaging method. Moreover, the 
difference in the assessment does not depend directly 
on the doctor’s experience: the trained and most 
experienced surgeons changed their minds when 
determining the type of acetabular defect in 73 and 
66 % of clinical cases, and in relation to the chosen 
surgical tactics in 62 and 55 % of clinical cases, 
respectively. When choosing additional options, 
respondents changed their opinion in 50 % of clinical 
cases on average.

Statistically significant differences in assessing 
the types of defects in the acetabulum may be 
associated with limitations in the ability to visualize 
plain X-rays, especially in the presence of a massive 
implant, which ultimately affects the choice of surgical 
tactics. The standardized analysis of defects based 
on three-dimensional reconstruction has not gained 
wide popularity mainly due to the high complexity 
and higher radiation dose compared to conventional 
radiographic examination. Nevertheless, three-
dimensional reconstruction based on CT data is more 
informative in terms of the possibility of evaluating an 
object from various angles and representing a holistic 
model of a complex three-dimensional object.

The ultimate goal of revision arthroplasty in 
significant acetabular defects is stable long-term 
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