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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 | — 43 patients from 8 to 17 years old without spinal pathology. Group Il — 25 patients with
spondylolisthesis from 8 to 17 years old. For each patient, the main spinal and pelvic parameters (PT; Pl; 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 Pl 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 Pl 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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AHHOTALNA

AxkmyaneHocme. PacyeT caruTTanbHbIX MapaMeTpoB SIBASETCA HEOTBEM/IEMOI YacTbio NpefonepaLyoHHoro nnaHupoBa-
HWS, @ TaKXKe LUMPOKO MCMONBb3YETCA 1S OLEHKM Pe3ysibTaToB XMPYPruyecKoro neyeHus. /3BecTHo, YTo MpY CMOHAMNIONM-
cTe3e (0cobeHHO BBICOKMX CTEMEHEN) caruTTanbHble MapaMeTpbl NO3BOHOYHUKA OT/IMYAKITCA OT TAKOBLIX Y 34,0POBbLIX JOAEMN.
TakKe [0Ka3aHO pasnuume NO3BOHOYHO-TA30BbIX MApPaMeTPOB y AeTel W B3poc/bix b6e3 opToneamnyeckoit natonorun. 0gHa
U3 3aay OMepaTUBHOMO JIEHEHWUA CMOHAWIONNCTE3a — BOCCTAHOB/EHWE CaruUTTaNnbHOTO BanaHca MM MaKcMMarbHOe ero
NpubNMKeHMe K HOPMasbHbIM 3HadyeHnaM. O4HaKO Ha CErofHALIHUA feHb OTCYTCTBYET eAuHas HOPMa caruTTabHbIX Napa-
MeTPOB ANS [eTel, cefoBaTeNbHo, BOMPOC 06 ONMTMManbHOW TaKTUKE XMPYPrUYecKoro JIeYeHUs CNOHAUNONUCTe3a Y AeTelt
0CTaeTCs OTKPbITLIM.

Llen. OnpepenuTb NapaMeTpbl caruTTanbHOro banaHca y feTeii M NOAPOCTKOB CO 3[10POBbLIM NO3BOHOYHUKOM M CO CMOH-
AVNONNCTE30M.

Mamepuaner u Memodel. [poBefieH PeTPOCMNEKTUBHLIN aHanM3 NOCTYpasbHbIX PEHTTeHorpaMM 68 feTeil M NOAPOCTHOB.
MauveHTbl pasgeneHbl Ha 2 rpynnbl: rpynna 1 — 43 naumenta ot 8 fo 17 net 6e3 natonoruu NO3BOHOYHMKA. aLMeHTH
AaHHOW rpynnbl bbinv pasgeneHsl no nony (26 nesoyek, 17 ManbynKoB) M Bo3pacTy (8—12 net — 25 yenosek; 13-17 net —
18 yenosek). [pynna 2 — 25 naumeHToB €O cnoHAunonMcTe3oM oT 8 fo 17 ner. MauneHTbl LaHHOW Fpynnbl TaKKe Obinn pas-
AeneHbl no nony (8 ManbumkoB, 17 aeBoyek) 1 Bospacty (8—12 neT — 7 yenosek; 13—17 net — 18 uenosek). [lns Kaxaoro
naumeHTa bl paccunTaHbl OCHOBHbIE NO3BOHOYHO-Ta3oBble napameTpsl (Pl, PT, SS, LL, TK, PI-LL) u npoBegeH ctatuctu-
YECKWUN aHann3 AaHHbIX.

Pesynemamei. OcHoBHble napaMeTpbl caruTTaneHoro bananca (Pl, PT, SS, LL, TK, PI-LL) y meteit u B3pocnbix 6e3 na-
TONOrMyeckux fedopMaumii N03BOHOYHOrO cToNba CTaTUCTUYECKM LOCTOBEPHO OT/IMYAKITCA. [1py TAMHKENbIX CTEMEHsX CrOoH-
AMNoNMCTe3a AOCTOBEPHO YMEHBLUIAKITCA MapaMeTpbl rpyaHOro Kudosa U NMOSACHMYHOTO JIOPAO03a, YTO CleflyeT OLEHUBATb,
KaK KOMIEHCATOPHbI MEXaHWU3M AJ1s COXPaHEHUA BEPTUKAMbHOTO NONOXEHUS TynoBuwa. [lns aeTeit co CNOHAUNONMCTE30M
XapaKTepHO [,0CTOBEPHO bosbLuee 3HadeHue Pl.

3axnoyenue. [03BOHOYHO-Ta30Bble NapaMeTpbl Y AeTel 0TINYAKTCA 0T aHaNorMYHbIX NapaMeTpoB Yy B3pOCNbIX, Clefo-
BaTesbHO, 4J151 NPaBUBLHOIO MPeAonepaLMoOHHOro NaaHUpoBaHWA HeobX0AMMO YCTaHOBUTbL HOPMY CaruTTabHbIX MapaMeTpoB
Ans peTeil. HeobxoamMo TakKe yunTbiBaTb BBICOKOE 3HaueHue Pl y feTeii 1 MOAPOCTKOB CO CMOHAMNONMUCTE30M, KOTOpOE
MOXET ABNATLCS 3TMONOMMYECKMM (PaKTOpPOM [laHHoro 3aboneBaHus. MpuumnHoM caruTTanbHoro AucbanaHca MoryT ABMIATLCA
He TONIbKO BLICOKWE CTEMNEHU CMOHAMNOMMCTE3a, HO U CUHAPOM NOSCHUYHO-BePEHHON PUTMAHOCTM.

KnioueBble cnoBa: AeTM M NOAPOCTKY; CMOHAMNIONAMCTES; HOPMa CaruTTasibHbIX MapaMeTpoB; CUMHAPOM MOSICHUYHO-
bepeHHON pUTMAHOCTH.
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ORIGINAL STUDIES

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
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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 | Pl | sS | PT | LL | TK | PHLL
Value 40,7 35,8 5.2 50,2 33,5 11,10
[34,40; 45151 [30,75;39,30  [175;10,25]  [44,15;57,45]  [26,50; 40,45]  [-18,40; ~4,40]

Note: Pl — 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
Pl 40,7 [34,40; 45,15] 51,7
SS 35,8 [30,75; 39,301 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: Pl — 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 | Pl | sS | PT | LL | TK | P-LL
Value 72,40 46,90 23,40 58,80 26,00 12,20
[65,90; 77,401  [36,10;52,70]  [20,10;31,60]  [49,80; 65,801  [19,00; 34, 50]  [-3,10;20,60]

Note: Pl — 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 |, nine patients under degree I,
eight patients under degree I, 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 Pl should be noted in pediatric patients with
spondylolisthesis. A comparison was performed in terms of Pl
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 Pl parameter compared to healthy children
(Table 4).

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

DAl https://doiorg/1017816/VT0105177

was established that the Pl parameter was significantly higher
in patients with high grade spondylolisthesis than in the group
of healthy children. It was also revealed that the Pl 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 Il 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 0.G. Prudnikov, A.M. Aranovich
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Fig. 1. Comparison of mean values for the main sagittal parameters between groups of healthy children and those with spondylolisthesis.
PT — pelvic tilt; Pl — 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 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)
Group 2 (13-17 years old)

PI=36,90 [30,50; 44,20]
PI=42,00 [40,00; 48,00]
p 0,042

PI=66,8 [64,80; 70,60]
PI=73,70 [66,10; 78,80]
0,033

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

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

(in degrees).

Parameter | Pl | sS | PT | LL | TK D
Norm 5,20 40,70 35,80 50,20 —11,10 33,5
[175;10,25]  [34,40;45,15]  [30,75;39,30]  [44,15;57,45]  [-18,40; —440]  [26,50; 40,45]
Low grade 21,50 70,80 49,20 60,90 -2,10 30,80
[7,33;24,53]  [54,85,78,80]  [4157;53,601  [5757,71,400  [-10,18;1272]  [21,22; 39,22]
High grade 25,60 72,40 42,40 49,80 16,90 21,70
[22,00;3530]  [66,00;76,60]  [34,90;52,70]  [28,20; 63,601  [690;41,60]  [6,90; 31,90]
p 0,005 0,040 0,020 0,040 0,004 0,035

Note: Pl — 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.

[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.l. 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].

DAl https://doiorg/1017816/VT0105177

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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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 x 0.54 + 28, LL=66.1; 2) TK=0.75 x LL, TK=49.5.

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 mSy, 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 Pl 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 Pl values in the patient group compared
to the control group of asymptomatic volunteers. Taking
into account this fact, high Pl values can be regarded
as an etiopathogenetic factor in the development of
spondylolisthesis.

Considering that Pl is the key value for calculating all other
indicators of sagittal balance (PI=SS+PT; LL=PIx0.54+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=PIx0.54+28=66.1°; 2) TK=0.75xLL=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

DAl https://doiorg/1017816/VT0105177

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 (Il 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, 191.

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
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pediatric patients. It is also necessary to take into account
the high values of Pl 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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