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For a long time, lumbar spine and hip 
joint abnormalities have been studied 
separately. Pathological or postopera-
tive stiffness and concomitant pelvic 
tilt degression were not considered, as 
well as decrease in lumbar lordosis com-
pensated by increasing PT when chang-
ing sitting to standing position [1, 2]. 
Researches on the relationship between 
spine types and the incidence of pros-
thetic hip joint dislocations are described 
in the Russian literature sources; however, 
they are few in number [3].

Prosthetic dislocations in patients 
were often associated with concomi-
tant spinal abnormality, with the dislo-
cation incidence of 7.4% in patients with 
lumbar stiffness (history of ankylosing 
spondylitis, or single-level or multilevel 
lumbar fusion) vs 4.8% in patients with 

mobile lumbar spine [2, 4]. This com-
bined abnormality of the lumbar spine 
and hip joint, known as hip-spine syn-
drome, placed in question the perfect 
idea of the “safe zone” proposed earlier 
by Lewinnek.

The interrelation between the spa-
tial orientation of the pelvis and the 
spine is analyzed as part of spinopelvic 
relationships [4, 5]. Meanwhile, the cor-
relation of the criteria of spinopelvic 
relationships with the values of inclina-
tion and anteversion angles as knowl-
edge-based criteria for the position of 
the acetabular component (AC) is not 
analyzed sufficiently to clarify the pat-
terns of interrelation between these 
parameters.

To describe the AC position in the 
sagittal plane (sagittal orientation), the 

concept of the AC anterior tilt (acetabu-
lar tilt, ante-tilt) was implemented [6]. It 
was observed that the AC sagittal orien-
tation (AC anterior tilt, acetabular tilt) 
changed consistently with this move-
ment of the pelvis and correlated with 
PT [7, 8].

Accumulation of knowledge on the 
spinopelvic relationships contributes to 
the understanding of the regularity of 
the pelvic position transformation [7]. 
A change in the spatial position of the 
pelvis when changing body posture from 
a standing position to a sitting position 
and vice versa unavoidably leads to a 
change in the spatial position of the AC 
[1, 9]. These changes require analysis of 
the correlation of the AC position criteria 
with the sagittal balance criteria, and it 
was the objective of our research.

Objective. To analyze the correlation of the acetabular component (AC) position criteria with the sagittal balance criteria in pelvic trans-

lation associated with body posture change from a standing to a sitting position and vice versa.

Material and Methods. A prospective study of 20 patients who underwent hip arthroplasty for unilateral coxarthrosis, in the absence of signs 

of arthrosis and dysfunction of the contralateral joint was conducted. A the 20th week after surgery, an X-ray examination of the spine 

and hip joints was performed with an analysis of anteversion, inclination, AC ante-tilt, PT, SS, PTsit. A search for correlations between 

the indicators was carried out using the Spearman correlation method. Numerical associations were identified by calculating the Pearson 

correlation coefficients. Statistical hypotheses were tested at a critical significance level of 0.05, i.e. the difference was considered statisti-

cally significant when the level of p <0.05 was achieved.

Results. A direct correlation was found between the changes in the sagittal balance parameters (SS, PT) and the AC position. Compari-

son of the mean values and medians of the studied parameters measured in the standing and sitting positions showed the high correlation 

between them. The same dynamics of changes in the values between the AC ante-tilt and pelvic PT parameters was noted. A high direct 

correlation of the difference (Δ) in the AC ante-tilt values with PT in standing position, and a strong correlation of Δ in the AC ante-tilt 

values with PT in sitting position indicates an indirect relationship between the sagittal balance parameters and the AC position param-

eters through the AC ante-tilt parameter. This is confirmed by the strong direct correlation of Δ (sitting/standing) PT with Δ (sitting/

standing) AC inclination (0.67) and Δ (sitting/standing) AC ante-tilt (0.82), and by an inverse correlation of Δ (sitting/standing) SS 

with Δ (sitting/standing) AC inclination and Δ (sitting/standing) AC ante-tilt (–0.7).

Conclusion. Comparison of sagittal balance parameters (SS, PT) measured in standing and sitting positions with the position of the AC 

showed their direct high correlation with each other.  Acetabular ante-tilt serves as a connecting criterion between sagittal balance param-

eters and the spatial position of the acetabular cup. 
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Material and Methods

A single-center prospective study was 
conducted as part of the postoperative 
control and involved 20 patients who 
underwent hip arthroplasty for unilater-
al coxarthrosis with no signs of arthro-
sis and dysfunction of the contralateral 
hip joint.

Inclusion criteria were the following:
• patients who underwent unilateral 

cementless total hip arthroplasty;
• contralateral hip joint which was 

not involved in surgery with no signs of 
arthrosis or joint dysfunction;

• the AC prosthesis was placed in the 
Lewinnek safe zone;

• the study was conducted during 
week 20 after hip arthroplasty.

Non-inclusion criteria were the 
following:

• patients with bilateral total hip 
arthroplasty;

• patients with unilateral hip arthro-
plasty, contralateral hip joint which was 
not involved in surgery with the signs of 
arthrosis and joint dysfunction;

• the AC prosthesis was placed outside 
the Lewinnek safe zone;

• the study was conducted earlier than 
20 weeks after hip arthroplasty;

• history of revision surgical interven-
tion in the hip joint;

• the patient does not want to partici-
pate in the study.

Radiological examination of the pel-
vic area in two planes was performed 5 
months after surgery, when the hip joint 
function is restored (no pain, walking 
without walking aids) and the period of 
incapacity to work ends. Radiography 
was performed in a frontal plane with 
the patient standing and sitting, involv-
ing the lumbar spine in a lateral plane 
while standing (as a part of the radio-
logical examination of the sagittal bal-
ance). Radiography of the pelvis was also 
performed in a lateral plane with the 
patient sitting on a “backless stool” with 
arms crossed or palms (hands) placed 
crosswise in the clavicle area. Thus, each 
patient had four radiological images: a 
radiological image in the anteroposterior 
plane while standing (Fig. 1), a radio-
logical image in the anteroposterior 

plane while sitting (Fig. 2), a radiological 
image in the lateral plane while standing 
(Fig. 3), and a radiological image in the 
lateral plane while sitting (Fig. 4). A fron-
tal radiography of the pelvis in a sitting 
position was performed using the Ripp-
stein position [10].

The frontal anteroposterior radio-
logical images of the pelvis were used 
to analyze the AC anteversion and incli-
nation parameters using conventional 
techniques. The measurements were 
performed in K-PACS software, version 
1.5.0.29 (Image Information Systems Ltd). 
The anteversion of the acetabular com-
ponent was measured using the method 
proposed by Lewinnek et al. [11].

The following parameters were deter-
mined using the lateral radiological imag-
es of the pelvis in the standing and sitting 
positions: the AC ante-tilt, sagittal bal-
ance parameters (PT and SS; PTsit that is 
measured as the angle between the line 
connecting the middle of the upper end-
plate of the S1 with the projection point 
of the ischial tuberosity axis and the ver-
tical line drawn through the projection 
point of the ischial tuberosity axis).

The AC ante-tilt was calculated by 
measuring the angle formed by a hori-
zontal line drawn through the lower 
edge of the AC and a line drawn along 
the AC plane, or a line drawn through 
the most prominent points of the AC 
contour [12].

The correlation of the AC ante-tilt 
angles with the AC inclination and ante-
version was analyzed, as well as with the 
sagittal balance parameters.

Statistical analysis. The search for cor-
relations between the parameters in the 
standing and sitting positions, between 
the parameters of the acetabular inclina-
tion, acetabular anteversion and ante-tilt 
in the standing and sitting positions and 
other parameters, as well as between the 
difference in the values in the standing 
and sitting positions and other parame-
ters was carried out using the Spearman’s 
correlation coefficient. Numerical asso-
ciations were found by calculating the 
Pearson correlation coefficients. Statisti-
cal hypotheses were tested at a critical 
significance value of 0.05, i.e. differences 
were considered statistically significant at 

the achieved p < 0.05. Statistical calcula-
tions were performed in the IDE RStudio 
software (version 2023.09.1 Build 494 © 
2009-2009-2023 Posit Software, PBC) 
using the R language (version 4.0.2, URL: 
https://www.Rproject. org).

Results

Measurement results obtained during 
radiological examinations 5 months after 
hip arthroplasty in the standing and sit-
ting positions are provided in Table 1.

Differences in the values of the AC 
inclination and anteversion angles in the 
standing and sitting positions are associ-
ated with the pelvic retroversion when 
the patient sits with support on the ischi-
al tuberosities. These data correlate with 
changes in the PT and SS parameters in 
the standing and sitting positions that 
are used to describe the sagittal balance, 
in particular, the spinopelvic relation-
ships. The values of PT standing and sit-
ting, PTsit standing and sitting, and SS 
standing provided in Table 1 correspond 
to the conventional values and patterns 
and indicate the measure of the pelvic 
inclination angle (retroversion) when 
changing from a standing to a sitting 
position. A direct correlation of the sag-
ittal balance parameters (SS, PT) with the 
AC position can also be observed when 
analyzing the values of the AC ante-tilt 
that varied in the same ranges.

Comparison of the means and medi-
ans of the analyzed parameters in the 
standing and sitting positions demon-
strated their high correlation with each 
other (Table 2). However, the most sig-
nificant are the same-type changes over 
time between the AC ante-tilt and pelvic 
PT values.

Being an integrating parameter for 
the AC inclination and anteversion 
measured on frontal pelvic radiological 
images in the anteroposterior plane, the 
AC ante-tilt measured on lateral pelvic 
radiological images can be used as a link-
ing criterion between the parameters of 
the sagittal balance and of the AC spatial 
position.

The high direct correlation (0.025) of 
the difference (Δ) of the AC ante-tilt val-
ues with the pelvic tilt values in the stand-
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ing position, as well as the strong corre-
lation of the Δ ante-tilt values (0.058) 
with the pelvic tilt values in the sitting 
position indicate an indirect relationship 
between the sagittal balance parameters 
and the AC position parameters via the 
ante-tilt. This is confirmed by the strong 
direct correlation of Δ PT in the sitting/
standing position with Δ AC inclination  
(r (p) = 0.67 (0.001)) in the sitting/
standing position and Δ AC ante-tilt  
(r (p) = 0.82 (<0.001)) in the sit-
ting/standing position, as well as the 
inverse correlation of Δ SS in the sit-
ting/standing with Δ acetabular incli-
nation (r  (p) = 0.48 (0.031)) in the sit-
ting/standing position and Δ AC ante-
tilt in the sitting/standing position 
(r (p) = –0.7 (<0.001)).

The inverse correlations of the sitting 
sacral slope (SS) angle and Δ standing/
sitting SS angle values with the values of 
the AC ante-tilt correspond to the pel-
vic back rotation in regard to the sciatic 
axis which is formed with support on the 
ischial tuberosities.

Pelvic rotations in regard to the rota-
tion axes (the rotation axis in regard to 
the femoral heads in the standing posi-
tion, and the rotation axis in regard to 
the ischial tuberosities in the sitting 
position) are estimated using anatom-
ical landmarks with relatively conven-
tional “zeros”: vertical (Y) and horizontal 
(X) (2D coordinate system). If the values 
of the ante-tilt while standing correlate 
with the sitting values and the values of 
the SS angle, then the AC anteversion and 
inclination angles have the same reliable 
direct correlation with the same correla-
tion of the values of the acetabular incli-
nation angle while standing and sitting. 
Thus, it can be assumed that the change 
in the AC angles will correlate with the 
values of the sacral slope angles, so it cor-
responds to the incidence principle.

When changing to a sitting position, 
the pelvis is supported by the tuberosities 
of the ischial bones, and the values of the 
pelvic tilt (PT) angle measured in regard 
to the centers of rotation of the femoral 
heads highly correlate with the values 
of the ante-tilt; and it is a natural result, 
since the measurement of the pelvic tilt 
angles and ante-tilt is carried out in the 

same X/Y coordinate system, which cor-
responds to their common “zero” point.

Discussion

Hip joint prosthesis dislocation as a clini-
cal manifestation of instability is a signifi-
cant complication [2, 4]. To prevent hip 
joint instability, in particular, femoral 
component dislocations, Lewinnek 
et al. [11] proposed implanting the AC 
of the hip joint prosthesis in acceptable 
angle ranges.

The accepted values are 40–45° for 
the AC inclination angle and 5–15° for 
the AC anteversion. These ranges of AC 
inclination and anteversion are associ-
ated with the lowest amount of disloca-
tions of the femoral component of the 
hip joint prosthesis; due to that, Lewin-
nek et al. [11] described the above ranges 
as the safe zone. Using these recommen-
dations, the incidence of dislocations 
during standard primary hip arthroplas-
ty significantly reduced; however, they 
still occurred, amounting to 4.8–7.4%, 

Fig. 1
Radiograph of the pelvis in the 
anteroposterior plane in a standing 
position with an angle of inclination 
and anteversion

Fig. 3
Radiograph of the pelvis in the later-
al plane in a standing position with 
an angle of acetabular component 
ante-tilt and PT

Fig. 2
Radiograph of the pelvis in the 
anteroposterior plane in a sitting 
position with an angle of inclina-
tion and anteversion

Fig. 4
Radiograph of the pelvis in the lat-
eral plane in a sitting position with 
an angle of acetabular component 
ante-tilt and PT
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despite the fact that the AC position was 
in the target safe zone [2]. When study-
ing the hip-spine syndrome, it was found 
that a spinal pathology leads to not only 
the pelvic tilt in the frontal plane that 
is often considered during hip arthro-
plasty, but also to the limited movement 
(retro- and anteversion) of the pelvis that 
is often ignored by orthopedists in rou-
tine practice when planning hip arthro-
plasty [1, 2, 13]. Placed in a certain spatial 
position considering the “safe zone” and 
according to the manufacturers’ technol-
ogies in the patient’s lying position with 
orientation to the pelvic anterior plane, 
the prosthetic AC is usually analyzed 
using frontal radiological images of the 
pelvis in the anteroposterior plane in a 
standing or lying position, when the spa-
tial position of the pelvis differs. Due to 
the actual kinetics of the pelvis, in accor-
dance with the incidence principle, the 
AC, like the pelvis, will change its posi-
tion in natural everyday postures (stand-
ing or sitting) in a greater range than the 
safe zone [2, 5, 14].

The pelvic kinetics and its interrela-
tion with the spine are analyzed in the 
context of spinopelvic relationships and 
are described using specific criteria, fea-
tures, values, and patterns of correlation 
relationships [1].

The criteria for assessing spinopelvic 
relationships were developed as follows. 

Legaye et al. [15] proposed a parameter 
to measure the pelvic incidence (PI). The 
pelvis is a rigid structure, with certain 
defined points (vertices) and lines (edg-
es) forming the common pelvic param-
eters (PI, PT, SS, etc.). These vertices 
and edges form an interconnection 
that can be described using graph the-
ory [12] and incidence as a fundamen-
tal feature that characterizes all sys-
tems with rigidly interconnected land-
marks that have stable connections; it 
explains the interrelations of the sagit-
tal balance parameters. The pelvic tilt 
(PT) parameter was proposed to mea-
sure the dynamic parameters of the 
pelvic tilt. Sacral slope (SS) and lum-
bar lordosis (LL) are also the param-
eters required to evaluate the sagittal 
balance. PT, PI, SS, and LL are the most 
valid parameters of the spinopelvic 
relationships in the sagittal plane. It 
is recognized that LL directly depends 
on the SS and has a positive correlation 
with it. The LL parameter describes the 
compensation of the pelvic tilt varia-
tion which results in the achievement of 
trunk balance. This compensation mech-
anism also has a reverse trend: in degen-
erative diseases of the lumbar spine, with 
the flattening of the lumbar lordosis, the 
pelvis tilts dorsally for compensation 
and acquires a posteriorly open SS angle  
[1, 2, 11].

In 2014, Kanawade et al. [8] studied 
the changes in the AC position in the 
sagittal (lateral) plane, with simultaneous 
evaluation of the sagittal balance param-
eters. When analyzing the AC position 
on lateral pelvic radiological images, to 
describe it and considering the orienta-
tion in the sagittal plane, they introduced 
the concept of “acetabular tilt” that can 
be described as the acetabular ante-tilt, 
in a manner similar to the SS and PT cri-
teria. The authors proposed to define the 
ante-tilt angle as the angle between the 
line drawn through the most prominent 
points of the contours of the AC anterior 
and posterior edges and the horizontal 
line drawn through the point of the AC 
lower edge [8]. Differences between the 
ante-tilt angles measured in the standing 
and sitting positions represent a change 
in the AC inclination and anteversion 
caused by the dynamic movement  
of the pelvis.

During the study of the correlation 
of the AC inclination and anteversion 
angles when changing the standing/sit-
ting position, Lazennec et al. [6, 7] dem-
onstrated that the AC anteversion angle 
measured on standing and sitting sur-
vey radiological images of the pelvis in 
anteroposterior plane is directly pro-
portional to the magnitude of the pelvis 
version angle. Thus, when changing the 
trunk position from standing to sitting, 

Table 1

Indicators of sagittal balance and orientation of the acetabular component (AC) in the patient’s standing and sitting positions 5 months after surgery, degrees

 

Indicator MED [Q1; Q3] M ± SD MIN–MAX

PT standing                 14.0 [8.25; 19.00] 13.80 ± 8.97 1–33

SS standing 39.0 [33.75; 48.25] 41.15 ± 9.01 28–56

Anteversion angle of AC standing 21.0 [16.25; 25.75] 20.70 ± 8.44 5–34

Inclination angle of AC standing 44.0 [37.50; 45.50] 42.80 ± 8.08 30–61

Ante-tilt angle of AC standing  

in sagittal plane

39.5 [30.00; 48.50]   39.50 ± 11.36 18–59

PTsit standing –0.5 [–5.25; 2.50]   0.15 ± 9.48 –5–27

PT sitting 36.5 [30.25; 42.25] 35.60 ± 7.42 23–48

SS sitting                 18.5 [9.75; 27.00]    18.40 ± 11.03 1–40

Anteversion angle of AC sitting 29.0 [22.75; 33.25] 27.65 ± 8.53 7–39

Inclination angle of AC sitting 50.0 [47.50; 59.00]    53.15 ± 10.06 37–77

Ante-tilt angle of AC sitting  

in sagittal plane

61.0 [51.75; 68.00]     60.20 ± 12.15 38–83

PTsit sitting 15.0 [10.00; 22.25]   15.20 ± 8.10 –13–18
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with a mean retroversion of the pelvis 
by 14.5°, there is an increase in the AC 
frontal anteversion by 7.1° [6]. The simi-
lar relationship is observed in the Bor-
deaux classification that considers the 
features of the spinopelvic relationship 
and assumes a change in the AC antever-
sion in one or another direction during 
its implantation [17].

The experiment on modeling various 
combinations of AC inclination and ante-
version angles compared with the AC 
ante-tilt angles during a sagittal exami-
nation conducted by Kanawade et al. [8] 
revealed their effect on the actual values 
of the ante-tilt angle; this emphasizes the 
importance of the ante-tilt parameter as 
an additional reference criterion for the 
functional position of the AC.

Based on this experiment and the 
earlier described features of pelvic bio-
mechanics [18], one can state with con-
fidence that the spatial positions of the 
placed ACs with a certain combination 
of inclinations and anteversions during 

surgery in the lying position will differ 
from the effective spatial position of the 
AC while standing and sitting. At that, as 
we have demonstrated, the correlation 
of the AC position angles depending on 
the standing and sitting position with 
the sagittal balance parameters (PT and 
SS) measured under the same conditions 
is quite strong. These data values corre-
spond to the results obtained by Lazen-
nec et al. [6, 7] who stated that the posi-
tion of the AC implanted with certain 
angles of anteversion and frontal incli-
nation in the lying position will subse-
quently change when taking a sitting and 
standing position.

Accumulated data resulted in clear 
understanding that the AC position in 
the safe zone does not guarantee the 
absence of dislocations in the postoper-
ative period. This is associated with either 
excessive retroversion of the pelvis and, 
accordingly, of the AC in the sitting posi-
tion, or, conversely, with a fixed position 
of the pelvis when it becomes static and 

an unchanged AC position. Ignoring this 
fact may result in unavoidable impinge-
ment of the femoral component with the 
AC and the prosthesis dislocation [2, 19].

Being one of the significant refer-
ence parameter for hip arthroplasty, 
the AC anteversion has an effect not 
only on the prosthesis dislocation, 
but also on its survival. Increasing AC 
anteversion leads to the contact patch 
shifts and, as a result, to the increas-
ing pressure on the edge of the liner 
[20]. The correct position of the con-
tact patch and regular load distribu-
tion on the liner have an effect on the 
wear rate of the latter [1], and this is 
extremely important for assessing the 
quality of surgical intervention.

One of the current issues of hip 
arthroplasty is noise in hard-on-hard 
bearing surfaces. It is established that the 
assessment of the AC position can be a 
noise predictor vs static measurements in 
the lying position [20–23]. The authors of 
the researches associated this phenome-

Table 2

Indicators of sagittal balance (PT, SS) and spatial orientation (inclination, anteversion) of the acetabular component (AC) in the patient’s sitting  

and standing positions

Indicators Standing position Sitting position Δ, difference in the values  

in standing/sitting position

Wilcoxon test,

p value

p value MED [Q1; Q3] pMED [95 % CI]

M ± SD M ± SD
SMD [95 % CI]

MIN–MAX MIN–MAX

PT 14.00 [8.25; 19.00] 36.50 [30.25; 42.25] –21.50 [–22.50; –20.50]

<0.001*13.80 ± 8.97 35.60 ± 7.42 –2.65 [–3.51; –1.79]
1–33 23–48

SS 39.00 [33.75; 48.25] 18.50 [9.75; 27.00] 22.25 [21.50; 23.00]

<0.001*41.15 ± 9.01 18.40 ± 11.03 2.26 [1.46; 3.06]
28–56 1–40

AC inclination 44.00 [37.50; 45.50] 50 [47.50; 59.00] –10.50 [–11.50; –9.50]

<0.001*42.80 ± 8.08 53.15 ± 10.06 –1.13 [–1.80; –0.46]
30–61 37–77

AC anteversion 21.00 [16.25; 25.75] 29 [22.75; 33.25] –7.00 [–7.50; –6.50]

<0.001*20.70 ± 8.44 27.65 ± 8.53 –0.82 [–1.47; –0.17]
5–34 7–39

AC ante-tilt 39.50 [30; 48.50] 61 [51.75; 68.00] –20.50 [–21.50; –20.00]

<0.001*39.50 ± 11.36 60.20 ± 12.15 –1.76 [–2.50; –1.02]
18–59 38–83

PTsit –0.50 [–5.25; 2.50] 15.00 [10.00; 22.25] –16.50 [–17.50; –15.00]

0.001*0.15 ± 9.48 15.20 ± 8.10 –1.71 [–2.44; –0.98]
–5–27

* * p < 0.05.
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non with the pelvic displacement during 
movement corresponding to the disori-
entation of the acetabular component 
angles in the sitting and standing posi-
tions, and during moving [22, 24].

In an experiment with mathematical 
simulation, Pierrepont et al. [24] evalu-
ated and clearly demonstrated the signifi-
cance of the sagittal balance in relation 
to the anteversion of the acetabular com-
ponent in various positions and its effect 
on the displacement of the contact patch. 
The experiment demonstrated that an 
increase in the PT angle of more than 10° 
when the patient assumes a sitting posi-
tion leads to a displacement of the head 
of the prosthetic femoral component to 
the AC edge (edge loading), regardless 
of the size of the femoral component 
head (32 mm, 36 mm, and 40 mm). As 
a result of the displacement of the con-
tact patch between the femoral head 
and the acetabulum, the contact patch 
area was reduced, thereby increasing the 
contact pressure of the head on the liner 
that contributes to its premature wear in 
case of, for example, a polyethylene liner. 
With a ceramic liner, friction under dry 
conditions develops (with no lubricated 
zones because of high pressure which 
leads to noise/creaking). The maximum 
pressure of 500 MPa was identified by 
the authors for a 40 mm liner and 30° PT 
displacement in the sitting position [24].

In our research, a very high positive 
correlation was found at the critical sig-
nificance value (p < 0.001) between the 
variable values of PT, acetabular antever-
sion, as well as a high correlation with 
the acetabular ante-tilt, and a significant 
correlation of SS values and acetabular 
inclination between the standing and 
sitting positions. These data indicate one-
way changes in the measured parameters 
within one object (pelvis) in accordance 
with graph theory and represent their 
interrelation by the type of an incidence 
matrix. These changes correspond to 
the concept of pelvic rotation with sup-
port on the femoral heads and are well 
described in the literature [18].

Generally accepted criteria of sagittal 
balance to assess the pelvic version (SS, 
PT) allow for an accurate determination 
of the extreme positions of pelvic ante-
version and retroversion, therefore, pro-
viding an indirect preoperative idea of 
the difference in the AC position when 
moving from a standing position to a 
sitting position and vice versa as a part 
of preoperative planning. This helps to 
make adequate decisions on the target 
position of the AC imposed by the pelvic 
kinetics [1].

Thus, the ante-tilt is the crossover 
point for the areas of interest of spinal 
surgeons and orthopedic prosthetists. 
The latter have increasingly start paying 
attention to individual parameters and 

patient requirements, as well as to kine-
matic technique for arthroplasty, rather 
than remaining within the standardized 
range of certain patient parameters, and 
all this has a beneficial effect on long-
term results.

To comply with the principles of 
kinematic arthroplasty, it is recommend-
ed to perform a preoperative evaluation 
of the position of the lumbar spine, pel-
vis and hip in the sagittal plane in func-
tional positions (sitting/standing) and 
to consider the specific features of the 
sagittal balance, thereby reducing the 
possibility of dislocation, early wear of 
polyethylene liner, loosening of compo-
nents, or destruction of certain contact-
ing surfaces.

Our study brings new data that may 
reveal the pathogenesis of type VI hip 
prosthesis instability (of unclear origin) 
according to the Classification System 
for the Unstable THA. Standard treat-
ment for this type of instability using a 
constrained liner, without considering 
the kinematics of the pelvis, leads to a 
high failure rate; therefore, a change in 
treatment strategy is required for this 
type of instability. With this background, 
the implementation of robot-assisted hip 
arthroplasty technologies is becoming 
increasingly reasonable.

Further studies with a high level of 
evidence are needed for more detailed 
analysis of this issue.

Table 3

Comparative assessment of the difference (Δ) in the values of sagittal balance (PT, SS) and spatial orientation (inclination and anteversion, ante-tilt)  

of the acetabular component when changing the sitting and standing position 5 months after surgery

Показатель Δ cup inclination, sitting/ 

standing, r (p)

Δ cup anterversion, siting/ 

standing, r (p)

Δ ante-tilt, sitting/

standing, r (p)

PT standing –0.34 (0.145) –0.05 (0.822) –0.50 (0.025*)

SS standing  0.07 (0.756) –0.31 (0.181) –0.03 (0.913)

PT sitting    0.47 (0.039*)   0.44 (0.051) 0.43 (0.058)

SS sitting –0.28 (0.231)  –0.50 (0.023*) –0.61 (0.004*)

Δ PT standing     0.67 (0.001*)   0.20 (0.405)      0.82 (<0.001*)

Δ SS sitting/standing  –0.48 (0.031*) –0.33 (0.152)  –0.70 (<0.001*)

PTsit standing   0.01 (0.968)   0.09 (0.718) –0.21 (0.377)

PTsit sitting   0.25 (0.281)   0.42 (0.062) 0.39 (0.087)

Δ PTsit sitting/standing   0.22 (0.347)   0.22 (0.354) 0.38 (0.099)

 * p < 0.05.
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Conclusion

Comparison of sagittal balance param-
eters (SS, PT) measured in the standing 
and sitting positions with the AC posi-
tion demonstrated their high direct cor-
relation with each other.

The ante-tilt may be used as a link-
ing criterion between the sagittal bal-
ance parameters and the spatial position 
of the acetabulum.
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