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Objective. To assess sagittal balance parameters in children with spondylolisthesis before and after surgical treatment and to analyze their 

correlation with quality of life.

Material and Methods. A retrospective analysis of postural radiographs of 98 children and adolescents was performed. The patients were 

divided into 2 groups: Group 1 included 43 patients under 17 years of age (mean age 12.0 ± 2.6 years) without spinal pathology, and 

Group 2 – 55 patients under 17 years of age (mean age 13.3 ± 2.5 years) with spondylolisthesis before and after surgical treatment. In pa-

tients of Group 1, the main spinopelvic parameters (PT, PI, SS, LL, PI-LL, TK) were calculated and studied. In patients of Group 2, pa-

rameters characterizing local lumbosacral kyphosis (SA, Dub-LSA, LSJA) were calculated and studied in addition to the main ones. The 

obtained results were compared with the conditional norm for children. The intensity of pain syndrome and quality of life were assessed 

using questionnaires and scales (Ped`s QL, ODI, VAS) before surgical treatment, at the time of discharge from the hospital, and after 

3 months since surgery. Statistical data analysis was carried out using the statistical programming language and the R environment (ver-

sion 3.6.1) in RStudio IDE (version 1.2.1335) with representation in the M ± SD format for normally distributed random variables and 

Me [Q1; Q3] for variables with abnormal distribution. Categorical indicators were presented as an absolute number and a percentage ra-

tio. The null hypothesis in statistical tests was rejected at a significance level of p < 0.05 

Results. A decrease in the intensity of pain syndrome and an improvement in the quality of life were observed after surgical treatment 

in all cases. Statistical analysis of the relationship between parameters characterizing local lumbosacral kyphosis (Dub-LSA, SA, LSJA) 

and the results of using questionnaires and scales (Ped`s QL, ODI, VAS) showed a statistically significant positive correlation (r = 0.57; 

p = 0.004) of the LSJA score and pain intensity assessed before surgery, as well as a statistically significant negative correlation (r = -0.47; 

p = 0.004) of the LSJA score before surgery and the results of the PED`s QL questionnaire after surgery. In a comparison group analysis, 

it was found that after surgical treatment, there was a tendency towards normalization of sagittal parameters, though their complete re-

covery to normal values was not achieved. Local lumbosacral kyphosis was completely eliminated in all cases.

Conclusion. Correction of the angle of lumbosacral kyphosis during surgical treatment of children with spondylolisthesis directly corre-

lates with indicators characterizing the quality of life, which makes its elimination the main purpose of the operation. The degree of cor-

rection of the sagittal balance parameters (PT, SS, LL) has no significant impact on the quality of life, and their correction to the target 

calculated values is not required at an initially high PI value. In cases of decompensation of the sagittal and coronal balances of the trunk 

with low grades of spondylolisthesis, combined with impaired gait and anterior inclination of the torso (lumbar-femoral rigidity syndrome), 

the instrumental restoration of segmental lordosis at the level of L5–S1 and decompression of neural structures lead to correction of sag-

ittal balance and normalization of gait.
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Severe spondylolisthesis in children in 
most cases is characterized by high PI 
values that may be a causative factor 
of this disease and lead to the devel-
opment of sagittal imbalance [1, 2]. 
Severe spondylolisthesis is also char-
acterized by the presence of lumbo-
sacral kyphosis, which correlates with 
the quality of life of patients [3]. The 

restoration of sagittal parameters or 
their maximum approximation to 
normal values is one of the aims of 
surgical treatment of spondylolis-
thesis. Nowadays, literature sources 
contain an extremely small number 
of studies devoted to sagittal parameters 
in children, which is due to ethical stan-
dards [4–11].

Sagittal balance abnormalities can 
develop in children with grade I–II slip-
page (also known as low-grade spondy-
lolisthesis) in conjunction with neuro-
logical diseases, pain syndrome, lumbo-
femoral rigidity syndrome [12]. In this 
group of patients an upright position of 
the trunk is restored after decompression 
of neural structures and does not require 
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maximum reduction of the displaced ver-
tebra [13].

The question of optimal degree of 
recovery and target indicators of sagittal 
parameters in children with spondylolis-
thesis remains open.

The objective is to assess sagittal bal-
ance parameters in children with spon-
dylolisthesis before and after surgical 
treatment and to analyze their correla-
tion with quality of life.

Material and Methods

A retrospective study included 98 chil-
dren and adolescents. All patients were 
divided into two groups.

Group 1 included 43 patients under 
17 years old (mean age 12.0 ± 2.6 years) 
without spinal pathology. We included 
patients who applied on an outpatient 
basis, complaining of back pain and/or 
postural disorders. Postural radiographs 
were performed to exclude patholo-
gy of the musculoskeletal system. The 
inclusion criteria in the group were the 
absence of spinal deformities (scoliotic, 
kyphotic, post-traumatic, and spondylo-
listhesis) and other orthopedic pathology.

Group 2 included 55 patients under 
17 years old (mean age 13.3 ± 2.5 years) 
with L5 spondylolisthesis admitted for 
surgical treatment. All patients had type 
I spondylolisthesis (acquired) according 
to the classification of Marchetti and Bar-
tolozzi [14] with varying degrees of sever-
ity of dysplastic changes. The inclusion 
criterion in this group was the presence 
of the L5 spondylolisthesis in the absence 
of other orthopedic pathology.

All patients in Group 2 underwent 
surgical treatment: monosegmental fixa-
tion of L5–S1, fixation of L4–L5–S1 and 
fusion of L5–S1 by cage with autograft 
according to the PLIF technique. An an-
terior fusion of L5–S1 was performed in 
32 patients with a cage with autograft 
through the anterior extraperitoneal 
approach.

All the examined patients underwent 
postural radiography. The study was car-
ried out in accordance with a Spinal 
Deformity Study Group (SDSG) standard 
to minimize changes in the spinal sagit-
tal contour and prevent compensatory 

shifts in posture [15]. A patient is in a 
standing position; knee and hip joints 
are in a neutral, comfortable position for 
a patient; arms are bent at the shoulder 
and elbow joints with the fingers located 
in the collarbone area; if there is a short-
ening of the lower limb of more than 
2 cm, an X-ray shall be performed with 
compensation for pelvic alignment. 

According to postural radiography in 
the lateral projection, patients in Group 
1 underwent radiometric calculations 
of the following parameters: pelvic tilt 
(PT), pelvic incidence (PI), sacral slope 
(SS), lumbar lordosis (LL), the difference 
between the values of the pelvic inci-
dence index and lumbar lordosis (PI-LL), 
thoracic kyphosis (TK).

For Group 2 patients, in addition to 
the main ones, the parameters charac-
terizing lumbosacral kyphosis were also 
calculated. The slip angle (SA), Dubousset 
lumbosacral angle (Dub-LSA), lumbosa-
cral joint angle (LSJA) were estimated in 
these individuals. The analysis of radio-
metric parameters was done using Sur-
giMap and Radiant software.

In Group 2 patients, the quality of 
life and intensity of the pain syndrome 
were evaluated before surgical treat-
ment, at the time of discharge from 
the hospital, and 3 months after sur-
gery, using the following scales and 
questionnaires: Quality of Life Scale 
(Ped’s QL 4.0 Generic Core Scales), ODI 
(Oswestry Disability Index), and VAS 
(Visual Analogue Scale).

Statistical data analysis was per-
formed using the statistical program-
ming language and the R environ-
ment (version 3.6.1) in the IDE RStu-
dio (version 1.2.1335). The distribution 
of continuous and discrete quantitative 
variables in the sample is shown as the 
arithmetic mean and standard deviation 
(M ± SD) for normally distributed ran-
dom variables, the median and quartiles 
(Me [Q1; Q3]) for quantities distribution 
of which differs from normal. Categorical 
indicators are given as an absolute num-
ber and a percentage ratio.

The correspondence of the sample 
to the normal distribution was defined 
using the Shapiro – Wilk test. The Mann – 
Whitney U Test was applied to test sta-

tistical hypotheses on the difference in 
the distribution of quantitative variables 
in independent samples; for dependent 
samples, the Wilcoxon signed-rank 
test was used for pairwise comparisons. 
The Spearman’s rank correlation coef-
ficient was used to estimate the correla-
tion between the quantitative values. To 
evaluate the magnitude of postopera-
tive changes and differences between the 
indicators in normal and pathological 
conditions (the magnitude of the effect), 
the Cliff’s Delta was calculated with a 
95 % confidence interval obtained using 
bootstrap technology. The null hypoth-
esis in statistical tests was rejected at a 
significance level of p < 0.05.

Considering the absence of statistical-
ly significant gender differences in sagit-
tal parameters according to the literature 
sources [8], no gender diversity was per-
formed in the statistical analysis.

Results

For all patients in Group 1, the mean 
values for each parameter were defined 
and described, which were assumed to 
be a conditional age norm and com-
pared with similar parameters in adults. 
We gave a detailed account of the study 
results in our previous paper [11].

Using the Meyerding classifica-
tion, the patients in Group 2 were dis-
tributed according to the degree of 
vertebral slippage as follows: grade I: 
4 patients; grade II: 22 patients; grade 
III: 18 patients; grade IV: 9 patients; and 
grade V (spondyloptosis): 2 patients. 
According to the classification of spondy-
lolisthesis in the SDSG [15], patients were 
distributed as follows: type 1: 3 patients; 
type 2: 8 patients; type 3: 14 patients; 
type 4: 4 patients; type 5: 21 patients; and 
type 6: 5 patients.

The sagittal parameters of the spine 
were estimated before and after surgi-
cal treatment in Group 2 patients. The 
mean values of the spinopelvic param-
eters were compared with similar ones 
in healthy children from Group 1 (Fig. 1). 
Statistically significant differences were 
obtained as the result of comparison 
(Table 1).
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The Cliff’s Delta was calculated with 
a 95 % confidence interval to evaluate 
the number of postoperative alterations 
and differences between the indicators 
in normal findings and spondylolisthe-
sis (the magnitude of the effect; Table 2).

After surgical treatment, SS, LL, and TK 
parameters significantly rose in Group 2 
patients, which decreased with severe 
degrees of spondylolisthesis. These out-
comes can be regarded as a compen-
satory mechanism for maintaining the 
upright position.

Fig. 1 demonstrates that the main spi-
nopelvic parameters (PT, LL, and TK) in 
children with spondylolisthesis have not 
been fully restored after surgical treat-
ment. Nevertheless, there is a trend in 
their approximation to normal values. In 
turn, the SS parameter is restored above 
the target values.

Nonetheless, all patients in Group 2 
had a regression of radicular and local 
pain syndromes in the lumbar spine 
after surgical treatment, that leads 
to an improvement in quality of life 
(Table 3). Patients with gait disorders 
and the anterior inclination of the 
trunk noted a complete recovery of 
gait for up to three months, as well as 
the restoration of upright posture.

Comparison of the parameters of 
local lumbosacral kyphosis (Dub-LSA, 
SA, LSJA) showed a statistically signifi-
cant increase in the Dub-LSA param-
eter (before surgery: 86.0° ± 11.1°; 
after surgery: 113.0° ± 7.7°), as well 
as a reduction in SA (before surgery: 
11.0° ± 6.0°; after surgery: 2.0° ± 1.7°), 
LSJA (before surgery: 9.0° ± 4.0°; after 
surgery: 2.0° ± 1.4°).

The analysis data of sagittal param-
eters characterizing local lumbosacral 
kyphosis in patients of Group 2 before 
and after surgery are given in Fig. 2. 

The changes in Dub-LSA, SA, and LSJA 
parameters obtained after the procedure 
suggest a decrease in local kyphosis after 
the L5 vertebra reduction.

We have performed a statistical analy-
sis of the correlation between parameters 
characterizing local lumbosacral kypho-
sis (Dub-LSA, SA, LSJA) and the results of 
questionnaires and scales (Ped’s QL, ODI, 
VAS) before and after surgery.

As a result, we received a statistically 
significant positive correlation (r = 0.57; 
p = 0.004) between the LSJA parameter 
and the results of evaluating the intensity 
of the pain syndrome according to the 
VAS before surgery. The higher the value 
of the LSJA parameter before surgery, the 
higher the results of evaluating the inten-
sity of the pain syndrome according to 
VAS at the preoperative stage (Fig. 3).

There was also a statistically signif-
icant negative correlation (r = -0.47; 
p = 0.004) between the LSJA parame-
ter before surgery and the results of the 
PED’s QL questionnaire after surgery. The 
higher the LSJA parameter before sur-
gery, the lower the result according to 
the PED’s QL questionnaire after surgery 
(Fig. 4).

The data obtained as a result of the 
analysis indicate that local lumbosacral 
kyphosis in children with spondylolisthe-
sis correlates with quality of life and pain 
syndrome intensity.

Discussion

Today, there is no single accepted 
standard for sagittal balance in children. 
There is a number of published papers in 
the Russian literature dedicated to this 
issue. Nevertheless, in all the publications, 
the studied group has one or another 
pathology, and the data collected are 
compared with the mean values for 
children proposed by foreign authors. 
For example, O.G. Prudnikova and A.M. 
Aranovich [16] computed and analysed 
sagittal parameters in children with 
achondroplasia, and used data from 
Mac-Thiong et al. [8] as a comparison 
group for healthy children aged 7.3 ± 1.8 
years old. In the papers by P.I. Bortulev 
et al. [17, 18], the analysis of spinopelvic 
relationships in children with hip 
subluxation in Legg-Calvé-Perthes disease 
and with dysplastic hip subluxation was 
done. The data received were compared 
with the mean values for children 
proposed by Hesarikia et al. [19].

Many studies [4–11] have shown that 
children and adolescents suffering from 
severe degrees of spondylolisthesis have 
a significantly higher PI indicator than 
healthy children. Since PI is a constant 

that defines the indicators PT, SS, and 
LL [20], which in turn represent pelvic 
position, there is a theory that a high PI 
has a direct impact on spondylolisthesis 
progression.

Given that the PI value is essential for 
calculating all other indicators of sagittal 
balance, standard formulas for calculat-
ing target values of sagittal parameters as 
a tool for planning and evaluating surgi-
cal outcomes for severe degrees of spon-
dylolisthesis are not always appropriate. 
In our study, for example, the param-
eters of sagittal balance in children and 
adolescents with spondylolisthesis were 
assessed before and after surgery. As a 
result, within three months, all patients 
with sagittal imbalances showed a recov-
ery of upright posture and normal gait. 
In turn, the sagittal parameters of this 
group of patients could not be restored 
to their estimated values: PT was restored 
by an average of 4.0°, LL by 16.0°, and TK 
by 10.3°. The SS parameter was exces-
sively increased, on average by 10.3°, in 
contrast to local lumbosacral kypho-
sis, which was completely eliminated 
in all cases: Dub-LSA (before surgery: 
86.0° ± 11.1°; after surgery: 113.0° ± 7.7°); 
SA (before surgery: 11.0° ± 6.0°; after sur-
gery: 2.0° ± 1.7°); LSJA (before surgery: 
9.0° ± 4.0°; after surgery: 2.0° ± 1.4°). 

Tanguay et al. [3] analyzed the surgi-
cal outcomes of 96 children and adoles-
cents with spondylolisthesis (mean age: 
13.6 ± 3.6 years) and also found a clear 
correlation between the parameters of 
lumbosacral kyphosis and the patients 
quality of life.

In our study, 7 patients with low 
degrees of spondylolisthesis had severe 
pain syndrome with impaired gait and/
or impaired upright posture. As a result 
of the evaluation of their neurological 
status, the syndrome of lumbar-femoral 
rigidity was detected. All patients of this 
group underwent two-staged surgery. 
The first stage of the procedure was revi-
sion and decompression of neural struc-
tures with transpedicular fixation and 
reduction of the L5 vertebra. The second 
stage was L5–S1 fusion through the ante-
rior extraperitoneal approach. There was 
a regression of neurological symptoms 
and restoration of the sagittal profile of 
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the spine within three months since sur-
gery in all cases after decompression and 
stabilization treatment.

Nowadays, the mechanism of lum-
bofemoral rigidity is not fully investigat-
ed. However, there are papers [12, 13] 
describing a specific gait disorder and 
the inability to incline a trunk forward, 
a pronounced impairment in the lifting 
of straight legs in children and adoles-
cents with spondylolisthesis. The authors 
attribute this to sensation of the cauda 
equina and mark the regression of the 
above symptoms after laminectomy of 
the L5 vertebra.

Conclusion

Correction of the lumbosacral kyphosis 
angle during surgical treatment of 
children with spondylolisthesis correlates 
directly with parameters of the quality of 
life. The correction degree of the sagittal 
balance parameters (PT, SS, and LL) has 
no significant effect on the quality of life.

In this regard, in the surgical treat-
ment of spondylolisthesis in children, 

Fig. 1
Sagittal parameters (degrees) of patients with spondylolisthesis (Group 2) before and 
after surgery in comparison with the parameters of healthy children from Group 1

Table 1

Sagittal parameters of patients with spondylolisthesis before and after surgery in comparison with the parameters of healthy children, degree

Parameter Before surgery After surgery Norm p value

Pelvic tilt 25.6 [22.15; 34.5] 21.4 [19.50; 24.50] 5.0 [2.0; 10.0] 0.002

Sacral slope 38.3 [32.05; 48.4] 45.6 [39.70; 51.90] 36.0 [31.0; 40.0] 0.001

Lumbar lordosis   22.0 [16.00; 28.90] 38.2 [32.70; 45.15] 50.0 [44.0; 57.5] 0.001

Thoracic kyphosis   21.3 [13.45; 28.40] 31.0 [23.50; 38.10] 33.5 [26.5; 40.5] 0.002

Мe [Ql; Q3].

Table 2

The Cliff’s Delta with 95 % confidence interval for parameters of healthy children and children with spondylolisthesis

Parameter Before surgery and norm After surgery and norm Before and after surgery

Pelvic tilt 0.91

95 % CI [0.81; 0.98]

0.96

95 % CI [0.91; 0.99]

0.42

95 % CI [0.21; 0.62]

Sacral slope 0.27

95 % CI [0.04; 0.48]

0.65

95 % CI [0.49; 0.80]

-0.34

95 % CI [-0.53; -0.12]

Lumbar lordosis -0.77

95 % CI [-0.91; -0.60]

-0.51

95 % CI [-0.70; -0.31]

-0.62

95 % CI [-0.80; -0.44]

Thoracic kyphosis -0.62

95 % CI [-0.77; -0.44]

-0.21

95 % CI [-0.43; -0.01]

-0.48

95 % CI [-0.66; -0.27]
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first of all, it is required to eliminate lum-
bosacral kyphosis, while correction of 
sagittal parameters (PT, SS, LL) to the 
target calculated values is not needed at 
the initial high value of PI. 

In children with mild degrees of spon-
dylolisthesis, decompensation of the sag-
ittal and anterior balance of the trunk 
may develop and be combined with gait 
abnormalities and anterior inclination 
of the trunk (lumbofemoral rigidity syn-
drome). In such circumstances, instru-
mental restoration of segmental lordosis 

at the L5–S1 level and decompression of 
neural structures lead to correction of 
sagittal balance and normalization of gait. 
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The study was approved by the local ethical com-

mittees of institutions.
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and preparation of the article, read and approved 
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Table 3

Assessment of quality of life and pain syndrome in patients with spondylolisthesis

Questionnaire Before surgery At discharge p value 3 months after surgery p value

Ped`s QL, баллы 64.4 ± 11.4 – – 82.6 ± 13.1 <0.001

ODI, % 38.8 ± 16.3 28.5 ± 12.6 <0.001 11.9 ± 9.3 <0.001

VAS, points 5.9 ± 3.1 3.9 ± 2.1 <0.001 2.3 ± 1.2 <0.001

M ± SD.

Fig. 2
Changes in Dub-LSA, SA, LSJA param-
eters (degrees) characterizing local 
lumbosacral kyphosis in patients 
with spondylolisthesis before and 
after surgical treatment
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Fig. 3
Correlation between the LSJA parameter and the results of assessing the intensity of the 
pain syndrome according to VAS before surgical treatment

Fig. 4
Correlation of the LSJA parameter before surgery and the results of the PED’s QL 
questionnaire after surgical treatment
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