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Relevance It is known that the state of sagittal balance is strictly correlated with the quality of life of the patient. At the same time, reference 
values for correction of sagittal parameters of the spine are derived only from vertical radiographs. Current evidence shows that the use of 
only standardized sagittal parameters in the standing position for planning the volume of surgical reconstruction is erroneous. However, 
rare publications show the difference between the sagittal profile of the spine in the sitting and standing position related to age. There is no 
information on the profile in extended degenerative pathology of the spine. Aim of the study Comparative assessment of the variability of 
the parameters of the sagittal profile of patients with Hip-Spine syndrome in the standing and sitting positions and comparison with healthy 
subjects from the average population. Design A prospective case-control monocenter observational study with historical control. The study 
included 74 patients with "Hip-spine" syndrome at the age of 63 ± 9.9 (43 to 83) years at the time of examination. The recruitment period 
was 23 months. The main group was formed by 74 patients with Hip-Spine syndrome. The control group (58 subjects) was represented by 
healthy individuals from open sources on the average population. The criteria of the analysis were sagittal vertebral-pelvic parameters of the 
trunk - CL, TK, TLK, LL, PI, PT, SS, SVA. The calculation of sagittal parameters was performed with Surgimap Spine software. Results In 
all patients during the transition from standing to sitting, there was kyphotization of the thoracolumbar transition (mean TLK angle was 10.3° – 
145 %), a decrease in lumbar lordosis (mean LL angle – 23° – 44.4 %) with pelvic retroversion (PT: 18.6° – 126.5 %, SS: 18.3° – 51.6 %) and 
an increase in forward SVA deviation (10.5 mm – 25.5 %). No significant changes in cervical lordosis and thoracic kyphosis were revealed. 
When comparing the average values of sagittal parameters of patients of the main and control groups, there were no significant differences. 
However, among all patients of the main group, there were 6 patients (8.1 %) in whom the difference in the parameters LL, SS, PT in the 
standing and sitting positions was less than 10°, which indicates a pronounced rigidity of the lumbosacral spine. Conclusion Postural sagittal 
vertebral-pelvic parameters of the trunk in the standing and sitting positions in patients with Hip-Spine syndrome differ significantly from 
each other. A key role in the changes is played by the position of the pelvis, which retains mobility, despite different severity of degenerative 
changes in the complex "hip joints-lumbosacral spine".
Keywords: hip-spine syndrome, sagittal balance of the trunk, postural parameters of sagittal balance, sagittal vertebral-pelvic parameters

INTRODUCTION

A man strives for harmony both in static and in 
dynamic actions to save energy throughout the day. 
In relation to the balance of the trunk in general 
and the spine in particular, it is determined by the 
concept of the J. Dubousset’s cone of economy [1–
4]. Assessment of the patient’s sagittal profile plays 
an important role in planning surgical treatment of 
spinal pathology [5–12]. Sagittal balance and sagittal 
alignment are two different concepts in vertebrology. 
Sagittal alignment determines the combination of 
static parameters while the sagittal balance is dynamic 
parameters. Current spinal surgery focuses directly on 
sagittal alignment, and transpedicular fixation with 
interbody fusion serves as a guarantee of stability of 
the restored sagittal profile [13–19]. The most mobile 
and important role in the compensatory mechanisms of 
body imbalance is the complex “pelvis - lumbosacral 
spine” [20–23]. Recent studies have shown significant 
changes in lumbar lordosis and dynamic parameters 
of the pelvis in standing and sitting positions, but we 
have not found works on the study of spinal balance 
in patients with combined degenerative pathology 
in the complex “pelvis –lumbosacral spine”. This 
circumstance substantiates the main research question 
and its purpose: Is there variability in the parameters of 

the patient’s sagittal profile in the standing and sitting 
positions? And second, how they correlate with the 
normal values found in the community population. The 
nosological group “hip-spine syndrome” was chosen 
by us as a common condition with an alleged a priori 
impaired sagittal profile.

Purpose A comparative assessment of the 
variability of the parameters of the sagittal profile of 
patients with hip-spine syndrome in the standing and 
sitting positions in relation to the normal values of the 
average population.

Study design a continuous prospective monocenter 
case-control study with historical control.

Level of Evidence 3a (according to UK Oxford, 
version 2009).

Selection of patients for the main group followed 
inclusion criteria:

• cohort principle of location (patients of the 
Ilizarov Centre) and time (recruitment period from 
January 2016 to December 2018), surgical team 
(planning of the surgical protocol);

• nosological principle of the unity of clinical 
manifestations (patients with degenerative pathology 
confirmed by radiological findings in the complex 
“hip joints – lumbosacral spine” (HJ-LSS complex) 
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associated with pain in both the hip joint (s) and in the 
lumbosacral spine).

The following criteria were defined as exclusion 
criteria:

• patients with unstable somatic status, neurological 
disorders (including severe pain syndrome) and severe 
contractures of large lower limb joints, restricting 
upright and sitting positions;

• patients with dysplasia and abnormalities of the 
spine, combined with deformity or pain, with injuries of 
the spine, pelvis, and hip joints; with any inflammatory 

and oncological diseases in the spine and hip joints.
Patients’ recruitment period: January 2016 through 

December 2018 (total, 36 months).
Based on the selected criteria, the main group 

included the results of 74 patients. The gender ratio 
was ♀ – 26 (35.1 %), ♂ – 48 (64.9 %). The average 
age of the subjects was 63 ± 9.9 years and ranged from 
43 to 83 years. Patients of the control group (healthy 
subjects) had available values of the difference in 
sagittal spinal-pelvic parameters in standing and 
sitting positions.

Fig. 1 Diagram of study design

MATERIAL AND METHODS

All patients in the study group underwent 
radiological and clinical examination.

Radiological study included lateral X-ray telemetry 
of the spine and pelvis in the standing position and 
sitting on a chair. Standing and sitting positions were 
standardized as the most correct in accordance with 
the studies of several authors Sieh K.M. (2018), Cho 
I.Y. (2015): the standing position required to stand as 
straight as possible, not bending forward or backward, 
hands on the clavicles; the sitting position required 
bending of the hips and knees at an angle of 90 , and 
also to sit as straight as possible, not bending forward 
or backward, hands on the clavicles.

Clinical study included detection of the hip-
spine syndrome type according to Offierski, MacNab 
[40]; assessment of the functional status of patients 
according to ODI, Harris, as well as assessment of 
the severity of pain according to VAS LBP (low back 
pain) and VAS LEP (low extremity pain),

Criteria for evaluation According to X-ray 
telemetry of the spine and pelvis, eight sagittal 

parameters of the spinal-pelvic relationships – CL, 
TK, TLK, LL, PI, PT, SS, SVA – were evaluated. 
The Surgimap software was used for calculation and 
integral estimation of the parameters. The criteria 
for sagittal parameters of the trunk and spinal-pelvic 
relationships in the sitting and standing positions were 
identified by D. Hey (2016), being the most valid and 
reliably correlated with the quality of life.

Statistical data analysis was performed using 
the Statistical Package for the Social Sciences 
(SPSS) software, version 22.0 (SPSS Inc., 
Chicago, IL, USA). Normality of distribution 
of the studied parameters was checked using the 
method of descriptive statistics. For the intergroup 
comparative assessment of differences in the 
average values of the analyzed parameters, the 
non-parametric H-Kruskal-Wallace criterion and 
the correlation analysis with the r-Pearson criterion 
were used due to a small number of samples. 
Statistical differences were considered significant 
at bilateral p ≤ 0.05.

RESULTS

There were 57 patients with simple hip-spine 
syndrome (76.9 %), 17 with complex syndrome 
(22.1 %). In the group with simple syndrome, a 
subgroup with a predominance of the hip joint 
pathology was distinguished (n = 43, 58.0 %) 
and a subgroup with a predominance of the 
lumbosacral spine symptoms (n = 14, 18.9 %). 
Different combinations in neurological status were 
detected, vertebrogenic pain (n = 74, 10 %) and 
VAS = 5.7 ± 2.5, arthrogenic pain (n = 74, 100 %) 

with VAS = 4.6 ± 2.1, neurogenic intermittent 
claudication (n = 10, 13.5 %), radiculopathy (n = 10, 
13.5 %). The Harris Hip Score of 65.8 ± 13.6 and ODI 
of 42.3 ± 13.5 indicated a significant deterioration in 
the patients’ quality of life. According to the Harris 
questionnaire, most patients (51, 68.9 %) responded 
to the question about the ability to sit on a chair with 
“b” or “c” answers (a – comfortable in an ordinary 
chair for one hour, b – in high chair for half an hour, 
c – cannot sit on any chair).
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According to X-ray examination, all patients had 
varying severity of coxarthrosis (grade 1, 2 patients 
(2.7 %); grade 2 stages, 16 patients (21.6 %); 
grade 3, 56 (75.7 %). Clinical examination revealed 
combined contractures of the hip joints with an 
extension deficiency of up to 10° in 58 patients 
(78.4 %). Degenerative changes in the lumbar spine 
were observed in all patients of the study group 
(n = 74). 52 (92.85 %) patients had osteophytes of 
the vertebral bodies, a decrease in the height of the 
intervertebral discs and foramen was detected in 
43 (76.78 %) patients, arthrosis of the facet joints in 
48 (85.71 %). In all cases, the changes were localized 
in the lower lumbar segments (L4–S1).

The transition from a standing position to a sitting 
position caused kyphotization of the thoracolumbar 
junction in all patients in comparison with the standing 
position (average value of the change in TLK angle was 
10.3°, 145 %), decrease in lumbar lordosis (average 
value of change in the LL angle of 23.0°, 44.4 %) with 
pelvic retroversion (PT = 18.6°, 126.5 %, SS = 18.3°, 
51.6 %) and an increase in positive SVA deviation 
(10.5 mm, 25.5 %) due to leaning forward. Significant 
changes in cervical lordosis and thoracic kyphosis 
were not detected. Statistical analysis to assess the 

significance of differences (Table 1), according 
to the H – Kruskal-Wallace criterion indicates the 
significance of differences in LL, PT, SS in the sitting 
and standing positions, p ≤ 0.05. According to the 
correlation analysis using the r-Pearson criterion 
(SPSS, version 22.0), a strong relationship was noted 
only between the LL and SS parameters (r = 0.84).

When comparing the average values of the angles 
of change of the spinal-pelvic parameters in patients of 
the main group with the data of the comparison group 
(healthy individuals) according to H. Hey (2016) 
[39], no significant differences were noted with the 
exception of TK, which changed more significantly 
in healthy individuals (Table . 2). However, among all 
patients of the study group, it is necessary to mentions 
six patients (8.1 %), in whom the difference in LL, SS, 
PT parameters in the standing and sitting position was 
less than 10 °, which indicates a pronounced rigidity 
of the lumbosacral spine (five of them belonged to 
the group with complex hip-spine syndrome and one 
to the group with a simple syndrome, a subgroup 
with a predominance of symptoms of lesions of the 
lumbosacral spine). The difference in sagittal balance 
in the sitting and standing positions is presented in 
Figure 2.

Table 1
Statistical processing of the spinal-pelvic parameters in the sagittal plane

Parameter Standing Sitting Significance of difference 
TLK (thoracolumbar transition)

Minimum -26 -2
p = 0.06Maximum 40 48

Mean 7.1 ± 11.8 17.4 ± 10.7
LL (lumbar lordosis)

Minimum -29 -4
p = 0.04Maximum -91 -79

Mean -54.1 ± 13.2 -30.9 ± 17.1
PT (pelvic tilt)

Minimum -5 7
p = 0.05Maximum 29 56

Mean 13.9 ± 7.3 34.2 ± 11.8
SS (sacrum slope)

Minimum 18 -6
p = 0.04Maximum 53 47

Mean 38.6 ± 9.0 18.7 ± 12.4
SVA (sagittal vertical axis)

Minimum -25 -11
p > 0.09Maximum 145 132

Mean 41.1 ± 40.7 51.6 ± 29.1
TK (thoracic kyphosis)

Minimum 1 7
p = 0.08Maximum 65 60

Mean 31.9 ± 12.9 33.7 ± 11.9
CL (cervical lordosis)

Minimum 11 4
p > 0.09Maximum -62 -81

Mean -23.1 ± 17.7 -25.7 ± 18.6
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Fig. 2 X-ray telemetry of the spine in the 
lateral projection in the sitting and standing 
positions of a 62-year-old patient with a 
simple type of hip-spine syndrome (subgroup 
with a predominance of hip joint pathology). 
The difference between the position of 
the pelvis and the value of lumbar lordosis 
between the standing and sitting positions 
was: PT: 24° – 131 %, LL: -35.7° – 74 %

DISCUSSION

Currently, the "gold" standard in spinal surgery is to 
restore the natural curvature of the spine characteristic 
for standing position. This is based on the assumption 
that standing is the most preferable posture for 
the spine [24–27]. Nevertheless, this statement is 
debatable, since for a significant number of people a 
more functional posture may be sitting, especially for 
elderly patients with severe degenerative changes in 
the spine and joints (a group of people with hip-spine 
syndrome).

A number of foreign authors who evaluated the 
functional activity of healthy children and adults, 
indicate that a modern person spends most of his day 
time sitting rather than standing, which may be due to 
an increase in the technogenicity of the life process 
and robotization, in which the physical work of a 
person is a secondary activity [28–31]. Therefore, a 
hypothesis was formed that surgical intervention on 
the lumbosacral spine with its stabilization in patients 
who need it and who spend most of their time in a 
sitting position should involve fixation of the spine 
in the sagittal alignment corresponding to the sitting 
position.

The sagittal alignment of the trunk differs 
significantly in the standing and sitting positions. In 
sitting, the pelvis rotates backward and hypolordization 

of the lumbar spine is observed [28, 32–34]. Our study 
confirms the conclusion of these studies and points 
to comparable mobility of the lumbosacral spine in 
healthy people and people with significant degenerative 
changes in LSS and hip joints. Six patients (8.1 %) had 
the difference in LL, SS, PT parameters less than 10° 
in the standing and sitting positions that showed absent 
compensatory capabilities due to the pronounced 
clinical and radiological manifestations of hip-spine 
syndrome.

Moreover, in most cases, despite the retained 
mobility of LSS and HJs, the sitting position 
may cause discomfort and pain. In our study, it 
was found in 51 patients (68.9 %) and was, in our 
opinion, associated with pronounced changes in the 
complex under the investigation. All this suggests 
that the lumbosacral spine plays an important role 
as a compensator and regulator of the body balance. 
However, the assumption that it is necessary for 
such patients to maintain the sagittal alignment of 
the sitting position is, in our opinion, incorrect and 
unacceptable due to the fact that hypolordosis of the 
lumbar region (especially when the lower lumbar 
segments are fused) will bring the patient out of the 
J. Dubousset’s “cone of economy” and will result in 
deviation of the gravity line forward in the state of 

Table 2
Comparison of mean values of the angle of change of the spinal-pelvic parameters (between sitting and standing 

positions) among healthy individuals and patients with hip-spine syndrome

Parameters
Healthy subjects Hip-spine patients

Mean angle of change
LL (lumbar lordosis) 24.6 ± 12.7 23.0 ± 16.2
SS (sacral slope) 18.8 ± 8.7 18.3 ± 9.4
PT (pelvic tilt) 19.5 ± 7.9 18.6 ± 8.8
TK (thorathic kyphosis) 8.6 ± 7.2 2.2 ± 6.3
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being in the vertical position due to pelvic anteversion 
and absence of compensatory capabilities of the 
lumbar spine (due to the lack of mobility).

This statement is confirmed by the results of our 
study and the publications of several authors who 
showed high correlation between the SS parameter 
and lumbar lordosis, as well as the fact of the pelvis 
changes in the sitting and standing positions [35–38]. 
Thus, there is every reason to believe that multi-
segmented stabilization of the lumbar spine in the 

position corresponding to the “sitting” alignment, 
while maintaining the mobility of the pelvis, will 
make verticalization of the patient difficult and thus 
will worsen patient’s self-care and ability of daily 
activities. Correction and stabilization of the lumbar 
spine within the “cone of economy” allows patients 
to acquire the sitting position, since the load on the 
muscles to maintain a sitting posture can be leveled 
by changing the position of the back of the chair to 
support the spine.

CONCLUSIONS

There are significant differences in postural 
sagittal spinopelvic trunk parameters in the standing 
and sitting positions in patients with hip-spine 
syndrome.

A key role in the changes is played by the position 
of the pelvis.

In most cases, the pelvis retains the mobility and 
the function of the body balance regulator, despite 

pronounced clinical and radiological manifestations 
of the hip-spine syndrome.

Limitations The monocentral character with a 
limited cohort in number, no doubt, lowers the level 
of evidence of the patterns obtained, which not only 
excludes the categorical nature of the conclusions but 
also determines the goal for a multicenter research on 
the topic under this study.
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