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AbstrAct
bAcKGrOUND: The measurement of sagittal parameters is an important part of preoperative planning and is also used 

to evaluate the results of surgical treatment. It is known that in spondylolisthesis (especially at high degrees) the sagittal 
parameters of the spine differ from those in healthy people. The difference in spinal-pelvic parameters in children and adults 
without orthopedic pathology has also been proven. One of the tasks of surgical treatment of spondylolisthesis is the restoration 
of sagittal balance or its maximum approximation to normal values. However, today there is no single accepted norm of sagittal 
parameters for children, therefore, the question of the optimal tactics of surgical treatment of spondylolisthesis in children 
remains open.

AIM: To determine the parameters of the sagittal balance in normal children and in children with spondylolisthesis.
MAtErIAL AND MEtHODs: A retrospective analysis of postural radiographs of 68 children was performed. Patients were 

divided into 2 groups: group I — 43 patients from 8 to 17 years old without spinal pathology. Group II — 25 patients with 
spondylolisthesis from 8 to 17 years old. For each patient, the main spinal and pelvic parameters (PT; PI; SS; LL; PI-LL; TK) were 
measured and statistical analysis of the data was performed.

rEsULts: The study proved that the main parameters of the sagittal balance (PI, PT, SS, LL, TK, PI-LL) in children and 
adults without pathological deformities of the spinal column are statistically significantly different. Also, there are statistically 
significant differences between the parameters of the sagittal balance in children and adolescents without spinal pathology 
and with spondylolisthesis (PI, PT, SS, LL, TK, SFD, PI-LL). In patients with high grade spondylolisthesis, the parameters of 
thoracic kyphosis and lumbar lordosis are significantly reduced, which should be assessed as a compensatory mechanism for 
maintaining the vertical position of the body. Children with spondylolisthesis are characterized by a significantly higher PI value.

cONcLUsION: The sagittal parameters of the spine in children and adults are different, therefore, for correct preoperative 
planning, it is necessary to establish the norm of sagittal parameters for children. It is also necessary to take into account the 
high value of PI in children and adolescents with spondylolisthesis, which may be the etiological factor of this disease. The 
existing formulas for measuring sagittal balance for children with spondylolisthesis should be used with caution, because a 
high PI can lead to unreliable theoretical values of PT, SS, LL and TK. The cause of sagittal imbalance can be not only high 
degrees of spondylolisthesis, but also the tight hamstrings.
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АннотАция
Актуальность. Расчет сагиттальных параметров является неотъемлемой частью предоперационного планирова-

ния, а также широко используется для оценки результатов хирургического лечения. Известно, что при спондилоли-
стезе (особенно высоких степеней) сагиттальные параметры позвоночника отличаются от таковых у здоровых людей. 
Также доказано различие позвоночно-тазовых параметров у детей и взрослых без ортопедической патологии. Одна 
из задач оперативного лечения спондилолистеза — восстановление сагиттального баланса или максимальное его 
приближение к нормальным значениям. Однако на сегодняшний день отсутствует единая норма сагиттальных пара-
метров для детей, следовательно, вопрос об оптимальной тактике хирургического лечения спондилолистеза у детей 
остается открытым.

цель. Определить параметры сагиттального баланса у детей и подростков со здоровым позвоночником и со спон-
дилолистезом.

Материалы и методы. Проведен ретроспективный анализ постуральных рентгенограмм 68 детей и подростков. 
Пациенты разделены на 2 группы: группа 1 — 43 пациента от 8 до 17 лет без патологии позвоночника. Пациенты 
данной группы были разделены по полу (26 девочек, 17 мальчиков) и возрасту (8–12 лет — 25 человек; 13–17 лет — 
18 человек). Группа 2 — 25 пациентов со спондилолистезом от 8 до 17 лет. Пациенты данной группы также были раз-
делены по полу (8 мальчиков, 17 девочек) и возрасту (8–12 лет — 7 человек; 13–17 лет — 18 человек). Для каждого 
пациента были рассчитаны основные позвоночно-тазовые параметры (PI, PT, SS, LL, TK, PI-LL) и проведен статисти-
ческий анализ данных.

Результаты. Основные параметры сагиттального баланса (PI, PT, SS, LL, TK, PI-LL) у детей и взрослых без па-
тологических деформаций позвоночного столба статистически достоверно отличаются. При тяжелых степенях спон-
дилолистеза достоверно уменьшаются параметры грудного кифоза и поясничного лордоза, что следует оценивать, 
как компенсаторный механизм для сохранения вертикального положения туловища. Для детей со спондилолистезом 
характерно достоверно большее значение PI.

Заключение. Позвоночно-тазовые параметры у детей отличаются от аналогичных параметров у взрослых, следо-
вательно, для правильного предоперационного планирования необходимо установить норму сагиттальных параметров 
для детей. Необходимо также учитывать высокое значение PI у детей и подростков со спондилолистезом, которое 
может являться этиологическим фактором данного заболевания. Причиной сагиттального дисбаланса могут являться 
не только высокие степени спондилолистеза, но и синдром пояснично-бедренной ригидности.

Ключевые слова: дети и подростки; спондилолистез; норма сагиттальных параметров; синдром пояснично-
бедренной ригидности.
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BACKGROUND
The calculation of sagittal parameters is an integral part 

of preoperative planning and it is used to evaluate surgical 
treatment outcomes. Sagittal parameters of the spine in 
patients with spondylolisthesis, especially at high degrees, 
differ from those of healthy people [1]. The difference in 
spinal-pelvic parameters between children and adults 
without orthopedic pathology has also been proven [2]. 
Therefore, for correct preoperative planning, there should be 
a known norm for determination of sagittal parameters in 
children. Only a few literary works have focused on sagittal 
balance norms in children and adolescents [2–8]. In some 
cases, sagittal balance impairment develops as a result of 
neurological disorders, pain syndrome, and lumbar-femoral 
rigidity syndrome. The need to restore the sagittal profile 
as a result of surgical treatment of spondylolisthesis is 
obvious. However, the question about the optimal degree of 
restoration and target indicators of sagittal parameters in 
pediatric patients remains open.

MATERIALS AND METHODS
A retrospective study was performed. The study included 

68 children and adolescents aged 8 to 17 years. All patients 
were distributed into two groups.

Group 1 consisted of 43 patients without any 
musculoskeletal system pathology. This group included 
patients who had made appointments for outpatient visits 
to the Federal Center for Traumatology, Orthopedics and 
Arthroplasty of the Ministry of Health of Russia (Smolensk) 
with complaints of back pain and/or impaired posture. These 
patients underwent postural radiographs in order to rule 
out musculoskeletal pathology. The criterion for inclusion in 
the group was the absence of spinal deformities (scoliotic, 
kyphotic, post-traumatic, spondylolisthesis) or other 
orthopedic pathology.

Group 2 had 25 patients admitted to the N.N. Priorov 
National Medical Research Center of Traumatology and 
Orthopedics of the Ministry of Health of Russia with a 
diagnosis of vertebra L5 spondylolisthesis for surgical 
treatment. The criterion for inclusion in this group was 
spondylolisthesis of the lumbar vertebra five and the absence 
of other orthopedic pathology.

All patients included in the study underwent postural 
radiography. To minimize changes in the sagittal contour of 
the spine and prevent compensatory changes in posture, the 

study was performed according to the standard proposed by 
the Spinal Deformity Study Group (SDSG) [9], whereby the 
patient should be in an upright position, with knee and hip 
joints in a neutral position comfortable for the patient as well 
as arms bent at the shoulder and elbow joints with fingers in 
the collarbone area. In case of a shortening of the lower limb 
of more than 2 cm, an X-ray is performed with compensation 
to align the pelvis.

From the postural radiography of the lateral view, all 
patients underwent radiometric calculations of various 
parameters including pelvic tilt (PT); pelvic incidence (PI); 
sacral slope (SS); lumbar lordosis (LL); the difference 
between the values of the pelvic index and lumbar lordosis 
(PI–LL); thoracic kyphosis (TK).

Statistical data analysis was performed using the 
statistical programming language and the R environment 
(version 3.6.1) in the RStudio IDE (version 1.2.1335). The 
distribution of continuous and discrete quantitative variables 
in the sample was described using mean values, standard 
deviation, median, and quartiles, and categorical values were 
indicated in shares (percentages). Statistical hypotheses 
about the differences in the distribution of quantitative 
variables in independent samples were tested using the 
nonparametric Mann–Whitney test. The null hypothesis in the 
statistical tests was rejected at a significance level p lower 
than 0.05.

Historical literatures show that there are no statistically 
significant differences in sagittal parameters between girls 
and boys [2]. Hence, no comparison by gender was performed 
during the statistical data analysis.

RESULTS
For all the group 1 patients, (children and adolescents 

aged 8 to 17 years (mean age 12 years) without orthopedic 
pathology (n=43)), the average values for each parameter 
were determined and described using the median and 
quartiles (Table 1).

The patients were distributed by age in accordance with 
the World Health Organization pediatric groupings (25 patients 
were 8–12 years old, and 18 patients were 13–17 years old). 
The parameters obtained were taken as a conditional normal 
for children and compared with the normal parameters 
for adults as proposed by F. Schwab et al. [10] (Table 2). 
The comparison revealed that the main sagittal balance 
parameters differ between children and adults without 
pathological deformities of the spinal column. In children, 

Table 1. Mean values of the main spinal and pelvic parameters in children without orthopedic pathology (in degrees)

Parameter PI SS PT LL TK PI–LL

Value 40,7
[34,40; 45,15]

35,8
[30,75; 39,30]

5,2
[1,75; 10,25]

50,2
[44,15; 57,45]

33,5
[26,50; 40,45]

–11,10
[–18,40; –4,40]

Note: PI — pelvic incidence; SS — sacral slope; PT — pelvic tilt; LL — lumbar lordosis; TK — thoracic kyphosis; PI–LL — difference 
between the values of the pelvic index and lumbar lordosis.
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Table 2. Mean values of the main spinal-pelvic parameters in children (obtained as a result of our study) and adults [10] (in degrees)

Parameter Children Adults
PI 40,7 [34,40; 45,15] 51,7
SS 35,8 [30,75; 39,30] 39,4
PT 5,2 [1,75; 10,25] 12,3
LL 50,2 [44,15; 57,45] 46,5
TK 33,5 [26,50; 40,45] 47
PI–LL –11,10 [–18,40; –4,40] 10

Note: PI — pelvic incidence; SS — sacral slope; PT — pelvic tilt; LL — lumbar lordosis; TK — thoracic kyphosis; PI–LL — difference 
between the values of the pelvic index and lumbar lordosis.

Table 3. Mean values of spinal-pelvic parameters in children with spondylolisthesis (in degrees)

Parameter PI SS PT LL TK PI–LL

Value 72,40 
[65,90; 77,40]

46,90 
[36,10; 52,70]

23,40 
[20,10; 31,60]

58,80 
[49,80; 65,80]

26,00 
[19,00; 34, 50]

12,20 
[–3,10; 20,60]

Note: PI — pelvic incidence; SS — sacral slope; PT — pelvic tilt; LL — lumbar lordosis; TK — thoracic kyphosis; PI–LL — difference 
between the values of the pelvic index and lumbar lordosis.

lower average values were determined for PI, PT, TK, and 
PI–LL, while indicators LL and SS differed insignificantly.

Group 2 consisted of 25 patients aged 8 to 17 years 
(mean age 14 years), who were distributed by age (seven 
patients were 8–12 years old; 18 patients were 13–17 years 
old). The patients were distributed according to the degree of 
vertebral displacement based on the Meyerding classification. 
They were distributed as follows: There were four patients 
categorized under degree I, nine patients under degree II, 
eight patients under degree III, three patients under degree 
IV, and one patient under grade V (spondyloptosis). Based on 
the spondylolisthesis classification developed by the SDSG, 
the patients were distributed as follows. There was one 
patient categorized as type 1, three patients as type 2, eight 
patients as type 3, one patient as type 4, six patients as type 
5, and six patients as type 6. Patients were distributed into 
two subgroups determined by the type of spondylolisthesis 
as categorized based on the SDSG classification; there were 
12 patients with low grade spondylolisthesis, and 13 patients 
with high grade spondylolisthesis.

The calculated average values of spinal-pelvic parameters 
for group 2 are presented in Table 3.

The sagittal balance parameters in group 1 and group 2 
patients were compared. Statistically significant differences 
were revealed in all the sagittal balance parameters in 
children and adolescents without spinal pathology and with 
spondylolisthesis, as is clearly demonstrated in Fig. 1.

High PI should be noted in pediatric patients with 
spondylolisthesis. A comparison was performed in terms of PI 
between the normal group and spondylolisthesis groups. The 
comparison revealed that the PI value significantly increases 
with age, and that pediatric patients with spondylolisthesis 
have a higher PI parameter compared to healthy children 
(Table 4).

Comparison was made between the normal, low grade 
spondylolisthesis, and high grade spondylolisthesis groups. It 

was established that the PI parameter was significantly higher 
in patients with high grade spondylolisthesis than in the group 
of healthy children. It was also revealed that the PI index was 
significantly higher in the low grade spondylolisthesis group, 
in contrast to the parameters of TK and LL, which change 
with increasing severity of the deformity (Table 5).

Clinical case. Female patient, 13 years old, diagnosed 
with degree II spondylolisthesis of vertebra L5, SDSG type 
6. Clinical manifestations were severe pain syndrome in the 
lumbar region with irradiation along the posterior surface of 
the thigh and lower leg from both sides, gait disturbance, 
antalgic position of the body with an anterior trunk bending; 
and lumbar-femoral rigidity syndrome. There were no focal 
neurological symptoms. Initial sagittal balance parameters 
were PT=33.4°; PI=70.6°; SS=37.2°; LL=−0.2°; TK=−14.7° 
(Fig. 2).

The patient underwent a two-stage surgical treatment. 
The first stage was L5 laminectomy with revision and 
decompression of neural structures, dorsal fixation of L4-S1 
with a transpedicular system with reduction of the vertebra 
L5. The second stage was L5-S1 interbody fusion with an 
individual cage from the anterior extraperitoneal approach 
according to the original technique [11]. Three months after 
surgical treatment, gait and vertical position of the trunk 
were restored; postural radiography showed normalization of 
sagittal parameters (PT=21.5°; PI=70.7°; SS=49.2°; LL=54.7°; 
TK=21.6).

DISCUSSION
To date, there are a number of publications in Russian 

literature that are focused on the sagittal balance problem in 
children. However, in all studies, the study group has one or any 
other pathology; and the data obtained are compared with the 
average values for children, proposed by international authors. 
For example, in the works by O.G. Prudnikov, A.M. Aranovich 

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ Вестник травматологии и ортопедии им. Н.Н. ПриороваТ. 29, № 1, 2022



DOI: https://doi.org/10.17816/VTO105177

29

DOI: https://doi.org/10.17816/VTO105177

Fig. 1. Comparison of mean values for the main sagittal parameters between groups of healthy children and those with spondylolisthesis. 
PT — pelvic tilt; PI — pelvic incidence; SS — sacral slope; LL — lumbar lordosis; TK — thoracic kyphosis; PI–LL — the difference 
between the values of the pelvic index and lumbar lordosis.

Table 5. Indicators of spinal-pelvic relationships in children with spondylolisthesis, depending on the degree in comparison with the norm 
(in degrees).

Parameter PI SS PT LL TK PI–LL

Norm 5,20
[1,75; 10,25]

40,70
[34,40; 45,15]

35,80
[30,75; 39,30]

50,20
[44,15; 57,45]

–11,10 
[–18,40; –4,40]

33,5
[26,50; 40,45]

Low grade 21,50
[7,33; 24,53]

70,80
[54,85; 78,80]

49,20
[41,57; 53,60]

60,90 
[57,57; 71,40]

–2,10
[–10,18; 12,72]

30,80 
[21,22; 39,22]

High grade 25,60
[22,00; 35,30]

72,40
[66,00; 76,60]

42,40
[34,90; 52,70]

49,80 
[28,20; 63,60]

16,90
[6,90; 41,60]

21,70 
[6,90; 31,90]

р 0,005 0,040 0,020 0,040 0,004 0,035

Note: PI — pelvic incidence; SS — sacral slope; PT — pelvic tilt; LL — lumbar lordosis; TK — thoracic kyphosis; PI–LL — difference 
between the values of the pelvic index and lumbar lordosis.
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Table 4. Pelvic incidence (PI) distribution in groups of healthy children and those with spondylolisthesis depending on age (in degrees)

Age Norm Spondylolisthesis
Group 1 (8–12 years old) PI=36,90 [30,50; 44,20] PI=66,8 [64,80; 70,60]
Group 2 (13–17 years old) PI=42,00 [40,00; 48,00] PI=73,70 [66,10; 78,80]
р 0,042 0,033

Note: Averages are described using the nonparametric median and quartile method (PI — pelvic incidence).

[12], the sagittal parameters were calculated and analyzed 
in pediatric patients with achonodroplasia, and data from 
J.M. Mac Thiong (2004) [2] for healthy children aged 7.3±1.8 
years were taken as comparison group. In a number of works 
such as P.I. Bortulev et al. [13, 14] analyzed spinal-pelvic 
relationships in pediatric patients with hip subluxation in Legg–
Calve–Perthes disease and with dysplastic hip subluxation. The 
data obtained were compared with the average indicators for 
children proposed by H. Hesarikia et al. [15].

Analysis of sagittal parameters in pediatric patients 
without spinal pathology has not previously been performed 
in the Russian literature due to the ethical standards that 
surround such research. However, in our study, all patients 
of group 2 booked appointments to the clinical diagnostic 
department with various complaints, including pain of 
unknown origin in the spine, as well as due to previous 
injuries and posture disorder. All X-ray studies were 
performed strictly depending on the indications described 
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in order to rule out other spine pathologies. The effective 
radiation dose for ensuring radiation safety was calculated 
in accordance with methodological recommendations. During 
the study, a highly sensitive flat panel detector was used, 
with an average effective radiation dose of 0.3 mSv, which is 
equal to the radiation dose when performing standard chest 
radiographs.

J. Legaye et al. (1998) [16] for the first time revealed the 
relationship between the three pelvic indices, expressed by 
the equation PI=SS+PT. In the course of our study, it was 
established that in pediatric patients with spondylolisthesis, 
the average PI values were significantly higher than in 
children without spinal pathology. H. Labelle et al. [9] 
analyzed radiographs of 214 spondylolisthesis patients 
aged 10 to 40 years old. Based on the analysis, the authors 
registered higher PI values in the patient group compared 
to the control group of asymptomatic volunteers. Taking 
into account this fact, high PI values can be regarded 
as an etiopathogenetic factor in the development of 
spondylolisthesis.

Considering that PI is the key value for calculating all other 
indicators of sagittal balance (PI=SS+PT; LL=PI×0.54+28) [17], 
it is not advisable to use generally recognized equations in all 
cases. So, for example, during preoperative planning for the 
female patient whose case is presented in the “Clinical case” 
section, theoretical sagittal parameters were calculated 
as 1) LL=PI×0.54+28=66.1°; 2) TK=0.75×LL=49.5°. The 
obtained theoretical values for LL and TK, in fact, indicated 
the presence of hyperkyphosis of the thoracic region and 
hyperlordosis of the lumbar region. Average values for 
children and adolescents without pathology were used as 
theoretical parameters. In this case, the generally accepted 
equations developed for adults turned out to be inapplicable 

for children. The patient also had a gross disorder 
characterized by anterior inclination of the body in the vertical 
position, a pronounced gait disturbance, but the degree of 
spondylolisthesis was low (II according to Meyerding). We 
analyzed the initial neurological status of group 2 patients 
with sagittal imbalance (n=6). All patients had symptoms of 
lumbofemoral rigidity in combination with severe pain, gait 
disturbance, and/or disorder of the vertical position of the 
body. It is noteworthy that only two patients had high grade 
spondylolisthesis. All group 2 patients underwent a two-
stage surgical treatment with decompressive laminectomy 
and reduction of vertebra L5. After decompressive-stabilizing 
surgeries, in all cases, there was a regression of neurological 
symptoms and restoration of the sagittal profile of the spine 
within 3 months from the surgery.

At present, the mechanism of lumbar-femoral rigidity 
is not fully understood; however, there are a number of 
publications describing a specific gait disorder and the 
inability to tilt the body anteriorly; children and adolescents 
with spondylolisthesis have a pronounced limitation in lifting 
their legs straight legs. The authors attribute this challenge 
to irritation of the cauda equina and note the regression of 
the above symptoms after laminectomy of the vertebra L5 
[18, 19].

CONCLUSION
In the surgical treatment of spondylolisthesis in pediatric 

patients, sagittal balance parameters must be taken into 
account. However, there are differences in vertebral and 
pelvic parameters between children and adults. Therefore, 
for correct preoperative planning, it is necessary to 
establish the normal values of sagittal parameters for 

Fig. 2. Sagittal balance parameters in a 13-year-old patient with spondylolisthesis L5, SDSG type 6 before (a) and after (b) surgical treat-
ment, as well as the calculation of theoretical parameters of lumbar lordosis (LL) and thoracic kyphosis (TK) at the stage of preoperative 
planning. Design parameters: 1) LL=PI × 0.54 + 28, LL=66.1; 2) TK=0.75 × LL, TK=49.5.
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pediatric patients. It is also necessary to take into account 
the high values of PI in children and adolescents with 
spondylolisthesis, which may be an etiological factor for 
the condition disease. The existing equations for calculating 
sagittal balance for pediatric patients with spondylolisthesis 
should be used with caution, since a high PI can lead to 
unreliable theoretical values of PT, SS, LL, and TK. Sagittal 
imbalance can be caused not only by high degrees of 
spondylolisthesis, but also by lumbar-femoral rigidity 
syndrome. A laminectomy of the L5 vertebra is required 
in order to decompress the neural structures during the 
surgical treatment of patients with this syndrome and those 
with gait and/or vertical position disorders. 
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