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Backround. Total hip replacement in cases of traumatic changes of the acetabulum refers to cases of difficult 
primary arthroplasty and requires detailed preoperative planning and accurate restoration of anatomical 
relationships in the operated joint.
The aim of the study was to evaluate the structure of pathological changes in the acetabulum in patients with 
posttraumatic hip arthrosis, to develop a method for their detailed description and to determine the tactics of 
choosing the type of acetabulum implant.
Methods. The results of treatment of 194 patients with the consequences of acetabulum fractures who 
underwent total hip arthroplasty in the period from 2014 to 2022 were analyzed. The study was conducted in 
two stages, at the first stage, the structure of pathological changes, such as defect, deformation, changes in the 
center of rotation and offset (relatively healthy contralateral joint), was analyzed. A method was developed for 
choosing the tactics of implantation of the acetabulum component, based on a detailed description of the defect 
and deformation of the acetabulum. The second stage analyzed the results of treatment of patients for whom 
planning and surgical treatment was carried out in the period from 2020 to 2022 using the proposed method.
Results. During the first stage of the study, it was revealed that the magnitude of the change in the indicators 
of the displacement of the rotation center and offset changes by more than 8 mm. statistically significantly 
increases the likelihood of complications by 17.9%. The restoration of the rotation and offset center reduces 
the number of complications by 22.3%. The proposed method makes it possible to statistically reliably restore 
anatomical relationships in the operated hip joint and reduce the number of complications by 10%.
Conclusion. The proposed method allows us to qualitatively and quantitatively describe pathological changes 
in the bone tissue of the acetabulum. Depending on the degree of displacement of the center of rotation, the 
walls of the acetabulum and the nature of the defect of the supporting bone tissue, the surgeon can determine 
the tactics of surgical treatment.
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Эндопротезирование тазобедренного сустава у пациентов  
с посттравматическими дефектами и деформациями  
вертлужной впадины
А.А. Пронских, С.В. Романова, В.Л. Лукинов, В.А. Базлов, Т.З. Мамуладзе,  
А.А. Корыткин, В.В. Павлов

ФГБУ «Новосибирский научно-исследовательский институт травматологии и ортопедии  
им. Я.Л. Цивьяна» Минздрава России, г. Новосибирск, Россия

Актуальность. Эндопротезирование тазобедренного сустава у пациентов с посттравматическими из-
менениями вертлужной впадины относится к случаям сложного первичного эндопротезирования и тре-
бует детального предоперационного планирования и точного восстановления анатомических взаимо-
отношений в оперированном суставе.
Гипотеза исследования — создание описательной системы, основанной на качественном и количе-
ственном определении деформации и дефекта костей, образующих вертлужную впадину, позволяет 
спланировать пространственное положение вертлужного компонента, тип его фиксации, объем кост-
ной пластики, необходимые для восстановления правильной механики тазобедренного сустава, а ее 
использование позволяет улучшить клинические и функциональные результаты лечения пациентов с 
посттравматическим коксартрозом.
Материал и методы. Проанализированы результаты лечения 194 пациентов с последствиями перело-
мов вертлужной впадины, которым в период с 2014 по 2022 г. выполнялось тотальное эндопротезирова-
ние. Исследование проводилось в два этапа. На первом этапе анализировали структуру патологических 
изменений, таких как дефект и деформация — смещение центра ротации и офсета относительно здо-
рового контралатерального сустава. Был разработан способ выбора тактики имплантации вертлужного 
компонента, основанный на детальном описании дефекта и деформации вертлужной впадины. Вторым 
этапом были проанализированы результаты лечения пациентов, которым планирование и оперативное 
лечение было проведено в сроки с 2020 по 2022 г. с использованием предложенного способа.
Результаты. В ходе проведения первого этапа исследования было выявлено, что изменение показа-
телей смещения центра ротации и изменение офсета более чем на 8 мм увеличивает вероятность раз-
вития осложнений на 17,9%. Восстановление центра ротации и офсета позволяет сократить количество 
осложнений на 22,3%. Предложенный способ позволяет восстановить анатомические взаимоотношения 
в тазобедренном суставе и снизить общее количество осложнений на 10%.
Заключение. Предложенный способ выбора тактики имплантации вертлужного компонента позволяет 
качественно и количественно описать патологические изменения костной ткани вертлужной впадины. 
В зависимости от степени смещения центра ротации, стенок вертлужной впадины и характера дефекта 
опороспособной костной ткани хирург может определять тактику оперативного лечения.

Ключевые слова: эндопротезирование тазобедренного сустава, посттравматический коксартроз, де-
фект вертлужной впадины, классификация, предоперационное планирование. 
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BACKGROUND
Nearly 1 million hip arthroplasties are per-
formed in the world annually. This type of hip 
replacement in patients with acetabular injury 
consequences refers to complicated cases of ar-
throplasty due to acetabular defects and post-
traumatic deformities. Literature data describe 
multiple ways of surgical treatment of this cat-
egory of patients that is focused on achieving 
stable primary fixation of components, replacing 
bone defects with transplants or augments, im-
planting acetabular component in the true center 
of rotation in order to restore biomechanics of 
the affected joint [1, 2, 3]. 

Nowadays there is no common evaluation sys-
tem of post-traumatic changes in the acetabulum 
such as defects and deformities, that significant-
ly complicates the analysis of results of primary 
arthroplasty and development of system ap-
proach when choosing surgical tactics [4]. Trying 
to describe the localization and the character 
of pathologic changes, most authors use either 
acetabular fractures classifications [5, 6, 7], or 
periacetabular osteolysis classification, such as 
AAOS [8], DGOT [9], classifications of A.E. Gross 
and K.J. Saleh [10], W.G. Paprosky [11].

However, both approaches are not without 
significant disadvantages. Attempts to use the 
classification of acute pelvic damages for evalua-
tion of post-traumatic changes of the acetabulum 
during the primary replacement are incapable to 
reveal all aspects that might significantly affect 
the choice of surgical tactics enabling stable and 
correct implantation of acetabular prosthesis 
component. Descriptive systems for revision ar-
throplasty cannot fully reflect the state of bone 
tissue in the context of post-traumatic acetabular 
changes. Careful preoperative planning based on 
visualization and description of acetabulum de-
formity and post-traumatic defect of bone tissue 
is necessary to develop a surgical plan, to choose 
correct implant size and type and to decide upon 
the necessity of bone grafting. 

In our study we suggested the following hy-
pothesis: creation of descriptive system based 
on qualitative and quantitative evaluation of 
deformity and defect of bones forming the ac-
etabulum enables to plan the spatial attitude of 
acetabular component as well as the type of its 
fixation and the extent of osteoplasty necessary 
for restoration of correct biomechanics of the hip 

joint. Application of this system will allow to im-
prove clinical and functional treatment results of 
patients with post-traumatic hip osteoarthritis.

methods

Treatment results of 194 patients with acetabular 
injury consequences were analyzed in the study.  
All patients underwent total hip arthroplasty at 
Novosibirsk Research Institute of Traumatology 
and Orthopedics n.a. Ya.L. Tsivyan between 2014 
and 2022. The study was retrospective.

Study inclusion criteria:
–  unilateral grade 3 post-traumatic hip 

osteoarthritis;
–  AAOS type II-IV defect of the acetabulum 

[12];
–  age of more than 18 years;
–  availability of radiographic examination re-

sults (X-rays, multislice spiral CT) and medical 
records concerning preceding trauma. 

Presence of active inflammation or infection 
at the surgical site at the time of admission to the 
hospital was considered as an exclusion criterion.

Among the patients were 147 men and 47 
women, their mean age at the time of total hip 
arthroplasty was 52.2±10.1 years.

Average time after the trauma was 4.6±0.3 
years. Fracture type analysis according to AO/
ASIF classification was performed basing on the 
presented medical records and X-rays [12].

For the study we advanced the hypothesis that 
the restoration of hip joint anatomy as close to 
the intact contralateral joint as possible, allows 
to improve functional treatment result and to re-
duce complications, associated directly with the 
method of surgical treatment.  

To verify the hypothesis, all patients were di-
vided into two groups at the stage I of the study. 
Group allocation was performed depending on 
the degree of restoration of such parameters as 
triplane displacement of the center of rotation 
and femoral offset of the operated joint in com-
parison to the contralateral joint (Fig. 1). 

Group 1 included 56 patients, who had no 
more than 8 mm discrepancy between the values 
of displacement of the center of rotation and be-
tween the values of offset. Group 2 enrolled 138 
patients who had more than 8 mm difference at 
least in one of the parameters. Threshold value of 
8 mm for group allocation was determined by the 
performed statistical ROC analysis.
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Patient characteristics of the stage I of the 
study is presented in the Table 1.

Allocation was performed depending on the 
defect type according to AAOS classification. [8]. 
Type 2 and 3 defects were predominant in both 
groups. Type 5 defects were identified in group 1 
in 2 cases.  

During the stage I of the study we developed 
the method that allowed to determine surgical 
tactics of acetabular component implantation 
of total prosthesis. Stage II of our study was car-
ried out to analyze the method efficacy. Patients 
were divided into two groups. Group 1 included 
45 patients who underwent preoperative plan-
ning between 2020 and 2022 with the application 
of suggested method. Surgical tactics was chosen 
according to this method as well. Group 2 (con-
trol group) included 149 patients who underwent 
conventional preoperative planning (plane tem-
plates, virtual planning program) between 2014 
and 2019 (Fig. 2). Gender and age characteristics 
are presented in the Table 2.

Assessment of results

Hospital length of stay, surgery duration and in-
traoperative blood loss were compared in order 
to evaluate clinical results. Functional results 
were assessed by the means of statistical analy-
sis of joint function according to Harris Hip Score 
(HHS) and intensity of pain according to visual 
analogue scale (VAS). These scores were com-
pared between all groups before the surgery and 
6 months after it. Structure of complications was 
analyzed separately.

Statistical analysis

Mann-Whitney U-test was used for comparison 
of continuous variables between the groups. 
Two-tailed Fisher's exact test was applied for 
binary and categorical variables comparison. 
Identification of pairwise association between 
continuous variables was performed by calcu-
lating the Spearman rank correlation coefficient 

Table 1
Characteristics of patients at the stage I 

of the study 

Characteristics Group 1  
n = 56

Group 2  
n = 138

Mean age, y.o., M±SD 52.55±11.68 52.24±13.66

Men/women 41/15 104/33

Time after injury, 
years, M±SD

3.81±0.34 5.17±0.49 

Table 2
Characteristics of patients at the stage II  

of the study 

Characteristics Group 1  
(2020–2022) 

Group 2  
(2014–2019) 

Mean age, y.o., M±SD 53.74±12.55 51.89±13.26 

Men/women 34/11 113/36

Time after injury, 
years, M±SD

5.23±7.16 4.63±5.45

Fig. 1. Flowchart of the I stage of the study

Group 1  
56 patients 

194 patients with consequences of 
acetabulum injury

Multislice spiral CT and detecting 
correlation between the 

displacement of the center of 
rotation and the offset > 8 mm and 

clinical result 

Analysis of outcomes 

Group 2  
138 patients 

Stage I of the study

Group 2 
Conventional 

method – planning 
based on the 

X-rays  
(149 patients) 

194 patients with post-traumatic hip 
osteoarthritis 

Selection of patients by 
planning method 

Analysis of outcomes 

Original method 
based on the 3D 

visualization  
(45 patients)

Stage II of the study

Fig. 2. Flowchart of the II stage of the study
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with evaluation of achieved level of significance 
p. Statistical hypothesis testing was carried out 
at the level of significance p=0.05, i.e., the dif-
ference was considered statistically significant 
in case of p<0.05. ROC analysis was used to as-
sess correlation between the complications 
and the value of displacement of the center of 
rotation. 

results

Stage I study results

Total amount of complications and clinical and 
functional treatment results was analyzed with 
the use of logistic regression method with defini-

tion of correlated covariants. It was determined 
that the variation values of vertical and anter-
oposterior displacement of the center of rotation 
and offset change of more than 8 mm increased 
statistically significantly increased the risk of 
complications by 17.9% with the sensitivity index 
of 66.7% and specificity of 79% (Fig. 3). 

When the threshold value of spatial variation 
of the center of rotation and offset was identified, 
two experimental groups were formed: group 1 
with displacement of less than 8 mm; group 2 with 
displacement of more than 8 mm. Evaluation of 
clinical results of the stage I of the study included 
analysis of hospital length of stay, intraoperative 
blood loss, surgery duration (Tab. 3). 

Structure of complications is presented in the 
Table 4. Functional results 6 months after the 
surgery are reported in the Table 5.

Fig. 3. Receiver operating characteristic (ROC) 
curve (threshold value 17.9).  
Automatic multifactorial optimal predictive 
model of complications

Table 3
Clinical outcomes at the stage I of the study (M±SD, Ме, min-max) 

Characteristics Group 1 (displacement 
less than 8 mm)

Group 2 (displacement 
more than 8 mm) p

Hospital length of stay, days 9.20±3.46
8

3–22

11.01±6.01
9

4–43

0.013*

Blood loss, ml 310.89±150.72
300

100–700

374.09±237.49
300

200–2000

0.104

Surgery duration, min. 85.80±41.56
75

35–300

89.39±40
80

40–300

0.390

* — hereinafter: result is considered statistically significant. 
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Analysis of the stage I study results showed no 
statistical difference in such parameters as sur-
gery duration and blood loss. These results are 
due to the fact that all surgical interventions were 
performed by the same surgeons using the same 
methods. Difference in hospital length of stay is 
explained by increased number of complications 
in the group 2 (patients in whom the anatomical 
relationships in the operated joint were restored 
in a lesser extent). The fact that the group 1 pa-
tients had no such complications as recurrent 
dislocation and neuropathy of different portions 
of sciatic and femoral nerves deserves special at-
tention. When analyzing joint functions accord-
ing to HHS, statistically significant improvement 
of treatment results was obtained in the group 
of patients who had anatomic relationships re-
stored maximally similarly to the contralateral 
joint. Studying in details the restoration results 
of such parameters as offset and spatial displace-
ment of the center of rotation, we revealed sig-
nificant correlation between the degree of offset 
variation and joint function (Fig. 4)

Results obtained at the first stage of our study 
showed the need of careful preoperative plan-
ning and intraoperative restoration of anatomic 

parameters in the operated joint. Accumulating 
clinical material and analyzing intermediate re-
sults, during the first stage of the study we de-
veloped a method of preoperative planning for 
restoration of anatomy, improvement of cur-
rent preoperative planning method and selec-
tion of surgery type for acetabular component 
implantation. This method was based on the 
stage-by-stage verification of pathologic struc-
tural changes of the acetabulum and included the 
measurement of two parameters, namely degree 
of deformity and acetabular defect size. 

Table 4
Structure of complications at the stage  

I of the study, %

Type of complication

Group 1 
(displacement 

less than  
8 mm) 

Group 2 
(displacement 

more than  
8 mm)

Surgical site infections 0 4.3

Recurrent dislocation 0 3.2

Aseptic loosening 0 2.1

Neuropathy 0 9.7

Periprosthetic fracture 2.4 5.4

Table 5
Functional results in 6 months at the stage  

I of the study, points 

Scale Group 1 Group 2 p

VAS 2.66±1.28 2.47±1.26 0.334

HHS 84.87±9.18 78.12±9.01 <0.001*

Fig. 4. Correlation between offset  
after surgery and joint function changes  
on the Harris Hip Score

Multislice spiral computed tomography 
of pelvis and hip joints is performed at first. 
Сontralateral joint must be intact. Spatial axes 
of pelvis are lined, reference angles and lines 
are measured by mirroring the landmarks on the 
affected side. Studied parameters include dis-
placement of the center of rotation, acetabulum 
deformity and defect of its weight-bearing bone 
tissue by segments. Deformity (displacement of 
acetabular walls) is defined after measuring the 
bone density according to the Hounsfield scale in 
the range from 200 to 400 HU. Native anatomic 
center of rotation of the intact hip joint having 
been detected, its hemisphere is determined and 
is divided into 3 sectors corresponding to pubic, 

H
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Offset after surgery
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ischiatic and supraacetabular parts of acetabu-
lum. These sectors are denominated as P (pubis), 
Il (ilium) and Is (ischiadicum). To define the sec-
tor of the corresponding size, geometric figure 
matching is performed using the library formed 
with the range of sizes with 1 mm interval. The 
sector is positioned so that no less than 75% of its 
base surface would be in contact with the weight-
bearing dense bone tissue and its top would cor-
respond to the center of rotation.  When the sec-
tor with known parameters of volume and surface 
area is chosen correctly and is well-aligned, these 
parameters are described for each sector that cor-
responds to pubic, ischiatic and supraacetabular 
surface of the acetabulum (Fig. 5).

 After measuring the quantitative parameters 
(area, sector volume) the values obtained are mir-
roring on the pathologic side by transferring the 
center of rotation which is considered the refer-
ence point for spatial arrangement of geometric 
figures. Resulting graphic presentation is con-
sidered the norm for this joint. These parameters 
are denominated as normal. Pathologic sectors of  
each surface are measured from the mirrored  
center of rotation and are defined by choosing vir-
tual sectors under the condition that no less than 
75% of figure area would be in contact with the 
weight-bearing bone tissue of the segment. In order 
to implement this idea, we formed a virtual library 
of hemispheres and sectors with radius interval of  

2 mm. Since the geometry of acetabular area de-
fect is unique in each particular case, we devel-
oped a sector scale with 2 mm interval in order to 
put in practice the offered technology of defect as-
sessment using virtual designing method (Fig. 6).

Formation of test sectors library is performed 
via scaling method with the use of standard set 
of functions of the NetFabb software (Autodesk, 
USA).  This technology of application of size- and 
volume-defined sectors for evaluation of pelvic 
bones defects especially in the acetabular area 
does not require specific knowledge and is avail-
able on any platform compatible with the *.stl 
format. The main advantage of this library is the 
simplicity of processing and receiving informa-
tion on the defect.  Obtained quantitative data 
are compared with normal ones. The area differ-
ence presented in percentage terms is denomi-
nated as weight-bearing bone tissue deformity, 
while the volume difference – as pathologic seg-
ment defect. Considering the discrepancy of de-
formity and defect severity between pathologic 
and normal segments, all changes are divided 
into 5 types: under 25%, from 26% to 40%, from 
41% to 60%, from 61% to 80% and beyond 80%.

All parameters being defined, we compose 
characteristics of deformity and defect using 
quantitative numerical description of parameters 
separately for each acetabular segment (P – pel-
vic, Is – ischiatic, Il – iliac). 

Fig. 5. Virtual model with plotted planes and axes  
for quantitative measurements

Fig. 6. Virtual model after the selection of sectors  
for measurement
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Basing on the clinical experience of the in-
stitute, domestic and foreign publications, we 
developed indications for application of differ-
ent types and methods of fixation of acetabular 
components that depend on acetabulum deform-
ity and defect degree. In our opinion, the main 
goal when performing arthroplasty is to restore 
anatomic and biomechanical relationships in the 
joint including the center of rotation and acetab-
ular offset by achieving stable component fixa-
tion with 3 support points of the acetabulum and 
bone defect replacement. 

In case of P I defects, the press-fit fixation 
and conventional uncemented acetabular com-
ponents are possible, taking into account insig-
nificant bone tissue loss and retention of weight 
bearing of the anterior acetabular column. Bone 
grafting is performed in case of bone tissue defi-
cit in the area of pubic bone base. Both bone 
chips made of femoral head and alloplasty are 
possible. Use of fixing screws is up to the surgeon 
to decide in case of concomitant defects of other 
acetabular parts. 

Is I defects also refer to insignificant ones and 
require optional bone or autogenous bone graft-
ing in case of intact femoral head or alloplasty. 
With regard to sufficient volume of weight-bear-
ing bone tissue of the posterior column, it is nec-
essary to strive for press-fit fixation with the use 
of uncemented acetabular component. 

In case of Il I defects, the acetabular structure 
is intact, so that the defect replacement does not 
require bone grafting. Uncemented fixation of 
the acetabular component is indicated. If neces-
sary, the surgeon can also use screws to achieve 
greater stability. 

Type I corresponds to insignificant changes. 
Preserved weight-bearing bone tissue of the ac-
etabulum is enough to apply the press-fit fixa-
tion. Bone grafting is optional and is used in case 
of the defects located in the anterior or posterior 
column area only. Surgical intervention presents 
no technical difficulties and use of conventional 
acetabular components is possible.

Bone tissue loss in case of P II defects refers 
to moderate. However, combination of bone tis-
sue loss in the anterior and posterior columns 
requires fixation with screws that are introduced 
not only in the supraacetabular area by sectors, 
but also in the pubic and ischial bones. That 
means that uncemented acetabular components 

with the big number of holes for polyaxial screws 
are needed. Combination of moderate anterior 
column defect and insignificant defects of other 
sectors prompts to use press-fit fixation by im-
planting large size acetabular component.

Is II defects also refer to moderate ones. If 
there are no defects of other sectors, large size 
acetabular component or acetabular component 
with polyaxial screws are possible. However, in 
case of moderate defects of all areas, posterior 
column reconstruction is necessary and includes 
its defect replacement by buttress augment to 
achieve the wedging effect. Bone grafting is op-
tional, as the use of structural transplant will not 
allow to reach stable press-fit fixation.

Il II defects require replacement of the su-
praacetabular area defect using either buttress 
transplant made of femoral head, or hemispheric 
augment, if the bone quality is poor. Posterior col-
umn being preserved, large size acetabular com-
ponent with polyaxial screws is recommended.

Type II defects are considered moderate and 
admit surgical intervention using conventional 
implants. However, supraacetabular bone stock 
and posterior column defects require replace-
ment to achieve press-fit fixation. Bone grafting 
is recommended only in case of supraacetabular 
area defects. Cemented fixation of components is 
possible in none of the cases, as the presence of 
moderate defects will lead to incorrect execution 
of cemented arthroplasty and absence of acetab-
ular component stable fixation.

P III defect refers to significant one due to the 
evident absence of weight-bearing bone in the 
anterior column of the acetabular area. In case 
of isolated P III defect, it is possible to use large 
size acetabular component with polyaxial fixing 
screws that must be inserted into all segments 
of acetabulum to achieve stable fixation. If P III 
defect is associated with significant sectors’ de-
fects, the use of individual acetabular component 
of simple geometry, if possible, is recommended. 
This facilitates reaming of the acetabulum and 
increases variability of intraoperative compo-
nent positioning. Bone grafting is performed 
with bone chips only, as soon as the use of struc-
tural transplant does not allow anterior column 
weight bearing.

Is III defect is significant. If significant posteri-
or column defect is associated with insignificant 
or moderate defects of other sectors, the recon-
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struction of the posterior column with buttress 
augment or combination of buttress and spheri-
cal one is required. In case of isolated Is III defect 
it is indicated to use large size acetabular compo-
nent with polyaxial fixing screws that are man-
datory inserted into all segments of acetabulum 
to achieve stable fixation. If significant defects of 
all three sectors are present, implantation of in-
dividual acetabular components of mainly simple 
geometry is recommended. Bone grafting with 
structural transplant is not used.

Il III defect refers to significant, where the frac-
tion of weight-bearing bone is up to 60%. In this 
situation isolated defect of supraacetabular bone 
stock requires defect replacement with hemi-
spherical augment or osteoplasty and implanta-
tion of acetabular component with uncemented 
fixation in order to provide stability. If significant 
defect of supraacetabular area is associated with 
moderate defects of the anterior and posterior 
columns, it is recommended to use large size ac-
etabular component with polyaxial screws, that 
can be introduced in all areas of acetabulum. In 
case of significant defects of all sectors we sug-
gest to use individual acetabular component of 
mainly simple geometry with obligatory preop-
erative planning of direction and length of fixing 
screws.

P IV defects are subtotal. It is recommended to 
use individual acetabular component with  resto-
ration of pubic sector defect and obligatory screw 
fixation to other regions of acetabulum in case 
of isolated or complex deficit of weight-bearing 
bone in the anterior column area. The main re-
quirement to this component is the holes for pol-
yaxial screws to be introduced into the thickest 
bone areas, as soon as conventional components 
do not provide stable fixation. Components of 
simple geometry are preferred, because complex 
constructs require significant correcting of the 
bone bed in case of even minimal technical in-
accuracy during their production, which can lead 
to component positioning that differs from the 
planned one. Alternative method is stage-by-
stage surgical treatment with anterior column 
reconstruction via intrapelvic approach with its 
plate osteosynthesis.

Is IV defects also make it impossible to use 
conventional acetabular components. Method of 
choice is individual components with the resto-
ration of posterior column defect and polyaxial 

screw fixation to other areas of the acetabulum. 
In that case careful preoperative planning and 
simulation of screw insertion direction are essen-
tial. It is recommended to use not only individual 
component, but also individual guide to make 
holes for screw insertion. Alternative method is 
stage-by-stage surgical treatment with plate re-
construction of the posterior column. 

Il IV defects require obligatory replacement of 
subtotal defect of supraacetabular bone stock. 
In case of isolated defect, the implantation of 
large size acetabular component with polyaxial 
screws is possible. However, this method re-
quires the system of augments, both buttress 
and thick hemispherical ones. In case of su-
praacetabular bone deficit associated with sig-
nificant or subtotal defects of other regions of 
the acetabulum the preference should be given 
to individual acetabular components with pol-
yaxial screws.

Type V defects are total. In that case the in-
tegrity of the acetabulum is violated, so that the 
fixation of conventional acetabular component 
in one or in all sectors is impossible. The main 
pathologic components of this type of defects are 
destruction of obturator foramen or iliac bone, 
that impairs the stability of the pelvic ring. Thus, 
the only arthroplasty option is to use individual 
acetabular components with complex geometry 
with extraacetabular fixation to intact parts of 
the pelvis. For example, components with fixa-
tion to the sacral bone, to the contralateral pubic 
bone etc. Decision upon the use of these indi-
vidual components requires careful preoperative 
planning.

Stage II study results

Analysis of results concerning application of the 
suggested method was performed at the stage II 
of the study. Clinical outcomes are displayed in 
the Table 6, structure of complications – in the 
Table 7.

Analysis of clinical results showed that the 
hospital length of stay was statistically signifi-
cantly greater in the group of patients, who un-
derwent conventional preoperative planning. 
This is due to the fact that the number of com-
plications increased by 10%. We have compared 
the values of displacement of the center of rota-
tion and offset in both groups in order to verify 
our hypothesis that the suggested method al-
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lows to restore anatomical relationships in the 
hip joint more effectively and precisely (Tab. 8).

Table data enable to conclude that optimal 
preoperative planning, application of algorithm 
of acetabular component selection and method 
of its fixation permit more accurate restoration 
of the operated joint anatomy. 

Patient scores according to VAS and HHS were 
analyzed at the stage II of the study to assess 
functional outcomes (Tab. 9).

Presented data, as well as the stage I study re-
sults, show the dependence of the joint function 
changes on the restoration of the center of rota-
tion and the offset. 

Table 6
Clinical outcomes at the stage II of the study (M±SD, Ме, min-max) 

Characteristics Group 1 
(2020–2022) 

Group 2 
(2014–2019) p

Hospital length of stay, days 9.89±6.91
8

5–38

10.67±4.92
8

7–43

0.020*

Blood loss, ml 392.39±198.60
350

150–1000

344.29±222.42
300

100–2000

0.067

Surgery duration, min. 96.74±43.57
85

50–80

85.73±39.12
75

35–300

0.090

Table 7
Structure of complications in groups  

at the stage I of the study, n 

Type of complication Group 1 
(2020–2022) 

Group 2 
(2014–2019) 

Total complications 3 25

Surgical site 
infections

2 3

Dislocation 1 4

Neuropathy 0 9

Instability 0 2

Other 0 7

Table 8
Displacement of anatomical markers in 

comparison with intact contralateral joint, 
mm (M±SD)

Characteristics Group 1 
(2020–2022) 

Group 2 
(2014—2019) p

Vertical 
displacement

3.72±3.69 10.20±6.77 <0.001*

Horizontal 
displacement

5.87±3.96 9.40±6.25 <0.001*

Anteroposterior 
displacement

2.09±1.21 4.48±4.65 0.027*

Offset 4.20±2.85 7.76±6.25 <0.001*

Table 9
Functional results 6 months after the surgery at the stage II of the study, points

Scale Group 1 (2020–2022) Group 2 (2014–2019) p

VAS 2.65±0.92 2.48±1.36 0.112

HHS 85.91±6.15 78.21±9.69 <0.001*
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Discussion

AAOS classification, popular in the USA, allows 
to describe rather accurately the defects of any 
etiology (both post-traumatic and post-implan-
tation) and represent its character. However, 
this classification does not reflect the severity of 
changes and only in small extent helps to deter-
mine the defect restoration tactics and implan-
tation technique of the acetabular component 
[12]. Apart from the stable fixation of the compo-
nents and defect replacement, several key points 
should be considered in order to achieve good re-
sults. These key points include the accurate res-
toration of the femoral offset, limbs length and 
center of rotation [13, 14].

Number of publications are known to ad-
dress the tactics of patients’ surveillance, who 
have post-traumatic acetabular deformities  
[15, 16, 17]. The closest analogues to the suggest-
ed method were described by A.V. Tsybin et al. [4] 
and D.V. Martynenko et al. [18]. R.M. Tikhilov et 
al. single out three grades of post-traumatic de-
formity of the acetabulum based on the degree 
of the femoral head displacement [19]. Authors 
suggest several options for the type of acetabular 
component and method of its fixation depend-
ing on the severity of pathologic process. That 
method rests on the analysis of plane X-rays and 
is generalized. Moreover, the degree of the head 
displacement cannot always be described in de-
tails due to its absence or marked destruction. 

D.V. Martynenko et al. proposed a way of de-
scription of acetabular deformities with the use 
of two-dimensional plane X-rays, based on the 
identification of the acetabular square – standard 
position of spheric femoral head or hemispheric 
acetabular component in the acetabulum [18]. 
The disadvantage of this method is its variability. 
Authors suggested 25 variants of acetabular de-
formities, but that method appeared to be diffi-
cult for clinical application. Moreover, the evalu-
ation is performed using two-dimensional plane 
X-rays, that reduces the diagnostic value of the 
method. Assessment of degree of deformity se-
verity is rather subjective and does not provide 
accurate quantitative characteristic of post-trau-
matic defect and acetabular deformity.

A.V. Tsybin et al. registered an invention, 
ASPID descriptive system, that allowed to in-
crease the accuracy of acetabular deformity anal-
ysis and to develop a verified approach to the 

surgical treatment [4]. This method implies the 
estimation of displacement degree in CT scans; 
the diagnostics is based on three criteria: locali-
zation (by acetabular walls), degree of displace-
ment and continuity of pelvic ring (disrupted 
or integer). Stage-by-stage identification of de-
formity components (degree of displacement of 
separate acetabular walls and center of rotation) 
and the principle of assessment of acetabular 
walls displacement are the main differences of 
our method. CT 3D reconstruction models, i.e., 
images that are cleared from noise and implants 
and visualized by Hounsfield’s scale between 200 
and 400 HU, are used for analysis by the contrast 
with A.V. Tsybin’s invention [4].  

Conclusion

Results of our study revealed the correlation be-
tween the degree of restoration of anatomical re-
lationships in the operated joint and functional 
outcomes of treatment. Displacement of the 
center of rotation or the femoral offset for 8 mm 
or more is the threshold value, and it is possible 
to expect increase of complication rate and wors-
ening of functional results in case of its overrun. 
Total hip replacement in patients with post-trau-
matic defects and deformities of the acetabulum 
requires careful preoperative planning and is 
considered as a complicated case of arthroplasty. 
Presented method of volume imaging allows to 
describe pathologic changes of the acetabular 
bone tissue in quantitative and qualitative way. 
Surgeons can define the tactics of surgical treat-
ment depending on the degree of displacement 
of the center of rotation and acetabular walls and 
the characteristics of defect of weight-bearing 
bone tissue. Analysis of the application of this 
method shows the decrease of total number  
of complications by 10%, as well as improvement  
of functional and clinical results.
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