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Abstract

Background. Hip instability in the form of hip subluxation, regardless of its etiology, leads not only to the
formation of excessive pelvic anteversion and lumbar hyperlordosis, but also to the early development of
hip osteoarthritis. The lack of information in the world literature on possible changes in sagittal balance
parameters in this category of patients after triple pelvic osteotomy requires such studies.

Aim of the study is to evaluate the spino-pelvic sagittal balance and the type of vertical posture in children
with hip subluxation of different genesis after radical reconstructive intervention in the mid-term follow-up
period.

Methods. The study is based on the analysis of clinical and X-ray results of 50 patients (50 hip joints) aged
10 to 17 years with hip subluxation operated on between 2018 and 2019. The patients were divided into two
groups: group I consisted of 30 patients (30 hip joints) with Crowe type I dysplasia; group II consisted of 20
patients (20 hip joints) with Legg-Calvé-Perthes disease. All children underwent triple pelvic osteotomy.
Results. Different approaches to triple pelvic osteotomy in patients with hip instability of various genesis
allowed to significantly affect the spino-pelvic sagittal balance and the type of vertical posture. In all patients
there was a decrease in the sacral slope value, spino-sacral angle, the magnitude of lumbar lordosis, as well
as a change in the sagittal vertical axis value from strongly negative to neutral.

Conclusions. Analysis of mid-term results of surgical treatment of children with hip instability in the form
of hip subluxation and Legg-Calvé-Perthes disease using 3D modeling and prototyping of individual guides
showed that the triple pelvic osteotomy leads to the reduction of both excessive pelvic anteversion and
lumbar hyperlordosis, resulting in the transformation of physiologically disadvantageous hyperlordotic type
of vertical posture into harmonious one.
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Pedepar

AxkmyansHocms. HecTabuabHOCTh Ta306€APEHHBIX CYCTABOB B BUE MOABBIBUXA OeApa BHE 3aBUCUMOCTU OT
€ro 3TUOJIOTUY TIPUBOAUT He TOIbKO K (POpMMUPOBAHUIO Upe3MepHOIt aHTeBepCUM Ta3a U TMIepaopao3y Mosic-
HUYHOTO OTHesla I03BOHOYHMKA, HO U K paHHEMY Pa3BUTUIO KOKcapTpo3a. OTCyTCTBME B MUPOBOJL TuTepaType
CBeieHNT 0 BO3MOKHBIX M3MEHEHUSX TTapaMeTPOB CaruTTAIIbHOTO 6ajlaHca y JAHHOM KaTeropuu MmamnyeHToB
TIOC/Ie BBITIOTHEHUSI TPOITHOI OCTEOTOMMM Ta3a TUKTYeT HeOOXOAMMOCTD IIPOBEAEHMS TAKUX UCC/IeOBAHNIA.
Llenws uccnedoearus — OLEHUTH COCTOSIHME CATUTTANbHBIX I03BOHOUHO-Ta30BbIX COOTHOIIEHWI U TUII BEPTU-
KaJIbHOM OCaHKM Y JieTeil C TOJBbIBMXOM 6eipa Pa3aMyHOro reHe3a 1mocjie BHITOMHEeHUS PAAVKAIbHOTO PEKOH-
CTPYKTMBHOTO BMENIATENLCTBA B CPEIHECPOUHOM TIEPUOE HAOTIOMEeHMS.

Mamepuan u memodsl. ViccnemoBaHMsST OCHOBAaHO Ha aHajlM3e pPe3ylbTAaTOB KIMHUKO-PEHTIeHO-
ngoryudeckoro obcimemoBanust 50 marumeHToB (50 TaszobempeHHBIX CycTaBOB) B Bo3pacte ot 10 mo 17
JIeT C TOABBIBMXOM Oempa, MpoonepupoBaHHbIX B Mepuop c¢ 2018 mo 2019 r. IMamueHTHl OBLIM pas-
IeleHbl Ha nBe rpymmbl: rpyrnmy I cocraBwiu 30 maumeHToB (30 TasobempeHHBIX CYCTAaBOB) C OUC-
miasueit 1 cremenu mo Crowe; rpymmy II — 20 mamuenToB (20 Ta306elIpeHHBIX CYCTABOB) C 60JI€3HBIO
Jlerra—KanbBe —IlepTeca. Bcem feTsiM BbINIOJIHEHA TPOJHASI OCTEOTOMMS Ta3a.

Pesynsmamel. Pa3nuuHble MOAXOABI K BBITIOTHEHUIO TPOITHOI OCTEOTOMMM Ta3a y MAIMEHTOB C HECTAOUIIb-
HOCTBIO Ta300eJpeHHOT0 CYCTaBa Pa3jJIMYHOTO TeHe3a MO3BOMWIM 3HAUUTETHHO MOBIVSITH HA COCTOSTHUE Ca-
TUTTAIbHBIX TI03BOHOYO-TA30BbIX COOTHOLIEHUI U TUII BEPTUKAIBbHOM OCaHKM. Y BCeX MalMeHTOB POMU30LIIO
yYMeHblIIIeH)e yI7Ia HAKJIOHA KPecT1a, I03BOHOYHO-KPeCTLI0BOTr0 YIVIa, BeJIMUYMHBI TOSICHUYHOTIO JIOPL03a, & TaK-
Ke M3MeHeHJe 3HaueHMs CaruTTalIbHOM BePTUKAIbHOM OCU U3 Pe3KO HeTaTMBHOTO K HETPAJIbHOMY.
3axknoueHue. AHAU3 CPeHECPOUYHBIX PE3YIBTATOB XUPYPIrUUECKOTO JIeUeHUST feTell ¢ HeCTabUITbHOCTHIO Ta-
300eIpeHHOTO CyCTaBa B BU/ie OABbIBMXA Oenpa 1 6omesHbio Jlerra— Kanbse - [lepTeca ¢ MpMMeHEeHMEM TEXHO-
soruu 3D-MOIenMpoBaHus M TPOTOTUITMPOBAHUS MHAVBUIYATbHBIX IIAGOHOB-HAIPaBUTENEl TI0Ka3aJl, UTO
BBITIOJTHEHME TPOIHOM OCTEOTOMUY Ta3a MPUBOAUT K YMEHBIIEHUIO KaK U30BITOYHOI aHTeBepCUM Ta3a, Tak U
TUIIep/IOP03a MOSICHUYHOTO OTAe/a I03BOHOUYHMKA, B pe3y/bTaTe yero NpomucxoauT TpaHchopmanus dusmo-
JIOTMYECK) HEBBITOLHOIO TMITEPIOPAOTUYECKOTO TUIIA BEPTUKAIBHON OCAHKY B TADMOHWYHBIN.

KiioueBble c1oBa: JeTH, AMCIUIA3Us Ta300eIpeHHOro cycTaBa, 6ome3Hb Jlerra—Kanbse —Iepreca, MOABBIBUX
6efpa, TO3BOHOYHO-TAa30BbIe COOTHOIIEHMSI, TPOITHAsI OCTEOTOMMUS Ta3a, 3D-MomenupoBaHue.
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BACKGROUND

The concept of forming a certain type of vertical
posture in humans is based on the magnitude
of the lumbar lordosis, which, in turn, directly
depends on the value of the only individual
morphological pelvic index, pelvic incidence (PI)
[1, 2, 3, 4]. It has been determined that there is
an excessive pelvic anteversion at high PI values,
which is expressed in an increase in sacral slope
(SS) and a decrease in pelvic tilt (PT) values [5].
As a result of such radiographic anatomical
condition, a hyperlordotic type of vertical posture
is formed. On the contrary, when PI values are low,
pelvic retroversion is observed, characterized by
SS decrease and PT increase with the formation of
the hypolordotic type of vertical posture. Thus, it
can be stated that the formation of human vertical
posture is primarily influenced by the spatial
position of the pelvis in the sagittal plane.

Recent studies on the state of sagittal balance
inchildrenand adultswith various hip pathologies
have proven the formation of the types of lumbar
lordosis and vertical posture in general that are
unfavorable for such patients in terms of the
development and course of degenerative changes
in the lumbosacral spine. In particular, it has
been found that children with hip instability due
to hip subluxation, which most often has either a
dysplastic genesis or is formed as a result of Legg-
Calvé-Perthes disease (LCPD), are characterized
by the hyperlordotic type of vertical posture
[6, 7]. It should be noted that children with
dysplastic hip subluxation have a characteristic
increase in PI values compared to the values in
the asymptomatic population, while children
with LCPD have a slight decrease in PI values.
Despite these differences, we can conclude that
hip subluxation, regardless of the etiology and PI
values, leads to an excessive anterior rotation of
the pelvis and, as a consequence, hyperlordosis
of the lumbar spine. The obtained data once
again prove that any pathologic changes in the
hip have a direct impact on the anatomy of the
pelvis, which together form the severity of the
lumbosacral lordosis. Today, it has been proven
by numerous authors that the only way to restore
the lost stability in the hip due to its subluxation
in senior children with hip dysplasia and LCPD
is radical reconstructive surgery, and the optimal
technique is the triple pelvic osteotomy [8, 9, 10,
11, 12]. However, studies investigating possible

changes in the type of vertical posture and
sagittal balance parameters in children with hip
instability of various genesis are sporadic [13].

Aim of the study is to evaluate the spino-pelvic
sagittal balance and the type of vertical posture
in children with hip subluxation of different
genesis after radical reconstructive intervention
in the mid-term follow-up period.

METHODS

Design of the study

Type of the study: multicenter cohort
retrospective study.

Inclusion criteria:

- age between 10 and 17 years;

- no history of hip surgery, including soft
tissue and minimally invasive surgeries;

- instability of one hip joint in the form of hip
subluxation of dysplastic genesis and LCPD;

- absence of severe deformity of joint
components requiring intra-articular
manipulations and modeling resection;

- no need for surgical correction of the spatial
position of the proximal femur via its osteotomy;

- no spinal pathology of any etiology, neuro-
orthopedic, genetic and systemic diseases.

Exclusion criteria:

- age less than 10 and more than 18 years;

- bilateral pathologic process;

- pronounced asphericity of the femoral head
and/or sharply pathologic radiometric values of
the proximal femur;

- hip joint effusion of any genesis;

- flexion-adduction contracture in the hip
joint;

- congenital malformations of the spine,
including neutral or alternating, verified
neurological, systemic and genetic diseases.

The study enrolled 50 patients (50 hips) aged
10 to 17 years (13.0+2.3 years) with hip instabi-
lity in the form of hip subluxation, treated at
the Center's clinic between 2018 and 2019. All
patients underwent triple pelvic osteotomy
to eliminate the instability of the hip joint
and restore correct radiographic anatomical
relationships. Children were divided into two
groups: I — 30 patients (30 hips) with dysplastic
hip subluxation (Crowe grade I); II — 20 patients
(20 hips) with hip subluxation as a result of LCPD.
Treatment results were evaluated at 40.5+3.9
months after the surgery.
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The clinical study was conducted according
to the classic well-known procedure. In order to
obtain objective information on the presence of
impairmentsintheexecutionofeverydayfunctions
directly related to pain in the lumbosacral spine,
all patients completed the Oswestry disability
questionnaire [14] (excluding the section
"Sexual life" due to the age limit). Taking this
into account, the calculations were performed
according to the authors' recommendations,
which refer to cases of not completing any of
the sections. Radiological methods included hip
X-rays in the anteroposterior and axial views in
the supine position, teleradiography of the spine
in the sagittal view in the standing position with
maximum capture of the lower extremities, and
multislice spiral computed tomography (MSCT).

Radiometry of the following parameters was
performed: acetabular vertical inclination angle
(Sharp angle), Wiberg angle, neck-shaft angle
(NSA), antetorsion angle (AA), bone coverage
(BC), acetabular retroversion index (ARI),
thoracic kyphosis (TK), global lumbar lordosis
(GLL), pelvic incidence (PI), sacral slope (SS),
pelvic tilt angle (PT), sagittal vertical axis (SVA)
and spine-sacral angle (SSA). Three-dimensional
planning of the upcoming intervention was
performed for all patients at the preoperative
stage in order to accomplish accurate individual

intraoperative reorientation of the acetabulum
after osteotomy of the pubic, sciatic, and iliac
bones. Reduction of the acetabular fragment in
group I patients was performed in the anterior
external direction due to the underdevelopment
of the anterior superior acetabular rim, which is
typical for hip dysplasia. In addition, taking into
account literature data on the state of sagittal
spino-pelvic balance (SSPB) in children without
musculoskeletal diseases and patients with hip
subluxation of various genesis[15, 16, 17],as well
as the important role of PI in the formation of
lumbar lordosis and vertical posture in general,
group I patients underwent additional posterior
translation of the acetabular component to
reduce PI values by no more than 15 mm. In
group II patients, acetabular rotation was
exclusively external because there was a deficit
of lateral coverage of the femoral head (Fig. 1).
Immediately before surgery, patient-
specific templates were 3D-printed, which were
subsequently used during surgery. Their use
provided determination of the exact level of iliac
bone osteotomy allowing an individual reduction
maneuver to change the spatial position of the
acetabulum to the optimal individual value to
restore the stability of the hip (Fig. 2).
Radiometry of the obtained data was
performed in Surgimap v. 2.3.2.1 (USA) software.

Fig. 1 (a, b). Stage of triple pelvic osteotomy with 3D modeling of optimal individual acetabular correction:
a, b — external anterior rotation of the acetabular fragment in a patient with Crowe type I right hip dysplasia

(arrow indicates posterior translation)
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Fig. 1. (c, d). Stage of triple pelvic osteotomy with
3D modeling of optimal individual acetabular
correction:

¢, d — external rotation of the acetabular fragment
in a patient with hip subluxation in LCPD

Fig. 2. Intraoperative application of customized templates:
a — to determine the level and direction of the iliac body osteotomy;
b — to achieve an individual adequate correction of the acetabular position during reduction

Statistical analysis

Statistical analysis was performed using Excel
2010 and SPSS Statistic v.26, (SPSS Inc. Chicago,
Illinois, USA) software. Descriptive statistics were
used to calculate arithmetic mean (M), standard
deviations (SD), median (Me) with 25th and
75th percentiles (Q1-Q3). Correlation analysis
was performed using Pearson's chi-square
test (strength of correlation was considered as
0.01<p<0.29 — weak; 0.30<p<0.69 — moderate;
0.70<p<1.00 — strong). Regression analysis
(paired linear and quadratic regression model) was
performed to assess the degree of influence of one
attribute on another, as well as to determine the
variant of influence. Examination of the sample
share was carried out according to the values of
the coefficient of multiple determination (R?).

RESULTS

On admission to the department, all patients
had complaints typical for hip subluxation, i.e.
lameness and moderate pain in the affected hip.

This resulted in psychoemotional discomfort
and social disadaptation of children due to their
inability to live a normal life like their peers
(inability to participate in active games and
sports). The mean values of the Oswestry disability
index were 19.149.6% in group I and 17.4%¥6.9%
in group II, which indicates the presence of
pathologic changes in the lumbar spine that do
not require therapy, but require restrictions in
the activity and physical exercises. Shortening of
the lower limb was 1.4%0.5 cm in patients of both
study groups. Goniometry revealed changes in
the range of motion on the affected side typical
for each etiologic cause of hip subluxation, which
manifested in restricted hip abduction common
to all patients included in the study, as well as in
excessive rotational movements in group I patients
and limited internal rotation in group II patients..
Examination of physiologic spinal curvatures
revealed lumbar hyperlordosis in 22 (73.3%)
patients of group I and in 12 children (60%) of
group II. Changes in the radiographic anatomical
structure of the hip and parameters describing the
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sagittal balance in patients with Crowe grade I hip
subluxation and in LCPD have been described in
details in previous studies [6, 7].

All patients underwent triple pelvic osteotomy
to restore the stability of the hip joint, taking
into account the details of its performance
described above. All patients underwent complex
rehabilitation starting the first day after the
surgery. In the mid-term follow-up period only
2 (7%) patients of group I and 1 (5%) patient of
group II still had complaints of gait disorders,
which, first of all, was due to the poor execution
of rehabilitation procedures. Hip pain was
resolved in patients of both study groups. Average
physiologic values of the range of motion in
the operated joint were achieved in all patients
(Table 1).

Clinical study of the state of physiologic spinal
curvature in patients of both groups showed a
consistent decrease in the severity of the initial
hyperlordosis. The mean values of the Oswestry
disability index were 2.8%+3.1% and 2.4%*2.6% in
groups I and II, respectively, which may indicate
an improvement in the biomechanical state and
balance in the lumbosacral spine.

Table 1
Hip goniometry values at mid-term
follow-up, deg., M+SD

Motion Group I Group II
Flexion 113£3 115%2
Abduction 39+3 28+3
Internal rotation 42+3 18+3
External rotation 45+4 35+3

Average values describing the anatomy and
orientation of the acetabulum, as well as the
stability of the hip joint as a whole, were within
reference values in all patients after radical
surgical correction of the pelvic component and
elimination of hip instability after triple pelvic
osteotomy. The absence of significant defects
in the correction of the acetabular fragment
position in both frontal and horizontal planes
after triple pelvic osteotomy demonstrates the
high efficiency of the application of individual
guides for the reduction to ensure the optimal
position of the acetabulum (Table 2).

Analysis of the results showed 95% identity
between the planned and achieved correction
of the acetabular fragment after performing
the reduction reorientation maneuver, which is
especially relevant in patients with dysplastic
hip instability due to the need for multiplanar
correction (Fig. 3).

The study of the values of pelvic indices, the
values of physiologic spine curvatures and their
correlations in group I patients showed that the
correction of hip subluxation with posterior
translation of the acetabulum by triple pelvic
osteotomy resulted in a significant decrease in the
values of the pelvic incidence, as well as a decrease
in the values of the sacral slope to its normal
value in the asymptomatic population. As a result
of the surgery, the initially existing lordosis
(hyperlordosis) of the lumbar spine approached
physiological normal values. The values of the
spine-sacral angle did not differ from those of
healthy children. This indicates not only the return
of the trunk as a whole to the mid-sagittal line in
relation to the pelvis, but also the derotation of the

Table 2

Main X-ray parameters of the anatomical structure and stability of the hip,
sagittal balance in patients of both groups

Parameter Group [, M=SD Group II, M#SD Reference values in asymptomatic
Me (Q1-Q3) Me (Q1-Q3) population of children [18, 19, 20]
Sharp angle, deg. 36.2+4.8 34.0£3.3 35-45
36 (32-40) 34 (30.8-35.5)
Wiberg angle, deg. 32.7£3.9 35.4%4.0 25-40
33 (30-35) 36 (32.0-38.5)
BC, % 93.3+5.9 98.5+2.4 85-100
95 (90-100) 100 (95-100)
ARI, % 4.8+3.2 3.0%3.0 Io 20
5(3-6) 2.2 (1-5)
40 2023;29(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA
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End of Table 2

Main X-ray parameters of the anatomical structure and stability of the hip,
sagittal balance in patients of both groups

Parameter Group I, M£SD Group II, M+SD Reference values in asymptomatic
Me (Q1-Q3) Me (Q1-Q3) population of children [18, 19, 20]
NSA, deg. 141.5%5.3 138.5%5.8 125-145
141.5 (138.3-145.0) 140 (135.0-141.8)
AA, deg. 35.5+3.7 15.3%2.0 10-30
36.7 (32.7-38.0) 15 (13.3-16.0)
PI, deg. 43.1¥4.0 44.2%5.2 45.4%10.7
43.2 (41.6-46.0) 44.7 (42.6-51.1)
PT, deg. 4.1%2.1 6.2+2.4 10.3%6.5
4.3 (3.0-6.3) 6 (5.7-9.0)
SS, deg. 39.0+3.6 38.0%5.6 35.4+8.1
39 (36.9-40.7) 37 (33.8-42.8)
TK, deg. 35.0%4.3 34.4+3.8 37.1¥9.9
35 (32.8-37.2) 35 (31.8-36.7)
GLL, deg. 44.9%7.2 41.6%6.2 39.6+12.4
44.2 (41.3-49.3) 42.2 (35.9-46.0)
SVA, mm 0.8+10.0 0.3+9.0 0.1+2.3
0.9 (-6.6-6.6) 4.2 (-8.2-6.0)
SSA, deg. 132.8+7.0 130.5+8.3 130.4+8.1
134 (130-138) 131 (124-138)

Fig. 3. Identity of planned individual (green) and
achieved (blue) acetabular positions after reorienting
reduction in a patient with dysplastic hip subluxation

latter from the position of excessive anteversion.
At the same time, the preoperative global negative
imbalance characterized by a pronounced
posterior displacement of SVA in relation to the
sacral promontory approached the state of neutral
compensated balance, as evidenced by SVA values
in the mid-term follow-up period after radical
reconstructive surgery (Fig. 4).

The above-mentioned values also changed
in group II patients after surgical treatment,
resulting in a slight increase in the morphologic
PI value and an average 6% decrease in SS values
compared with initial ones. The values of all
pelvic indices came close to the average values
in healthy children. Due to the change in the
spatial position of the pelvis in the sagittal plane,
the lumbar lordosis decreased compared to the
preoperative values. In addition, similarly to
group I patients, the values of the spine-sacral
angle did not differ from the norm, and the values
of SVA came close to neutral from negative,
indicating stabilization of the global balance of
the trunk in the sagittal plane (Fig. 5).

The correlation analysis shown in Figure
6 revealed direct strong positive correlations
between the main sagittal balance values in
both study groups, indicating the restoration
of kinematic links maintaining the dynamic
phenomenon of sagittal balance.
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Fig. 4. Teleradiographs of the spine in the sagittal
view of a 14-year-old patient with Crowe type I left
hip dysplasia before radical reconstruction (a) and 38
months after (b). Explanation in the text

Fig. 5. Teleradiographs of the spine in the sagittal
view of an 11-year-old patient with right hip
subluxation as a result of LCPD before radical
reconstruction (a) and 36 months after (b).
Explanation in the text

Fig. 6. Correlations between sagittal balance values in patients with hip subluxation of dysplastic genesis (a)

and in case of LCPD (b)

The correlation between the main SSPB in
children with Crowe grade I dysplasia in the mid-
term follow-up period is shown in the results of
regression analysis (Fig. 7).

The coefficient of determination (R?) of the
indicated SSPB values was higher than 0.73 and
did not differ significantly from the linear and
quadratic models. This brought the signs closer
to the linear regression. More than 70% of the
sample can be justified by this regression formula,
so the approximation can be recognized as good.

Regression analysis results, indicating the
correlation between the main SSPB in children
with hip subluxation in LCPD at mid-term follow-
up, are shown in Fig. 8.

The coefficient of determination (R?) for SSPB
was above 0.75 and did not differ significantly
from the linear and quadratic models. This
brought the signs closer to the linear regression.
More than 75% of the sample could be justified
by this regression formula, so the approximation
could also be considered good.
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Fig. 7. Relationship between SPSB in group I patients:
a — between PI and SS; b — between PI and GLL; ¢ — between SS and GLL; d — between SSA and SS
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On the basis of the obtained data, we can
conclude that due to achievement of the optimal
individual position of the acetabulum and
restoration of stability of the hip joint in general,
all patients have transformed the hyperlordotic
type of vertical posture into a harmonious one,
according to the improved classification of
P. Rousoully [21], in which the occurrence and
course of degenerative-dystrophic changes in
the lumbosacral spine will not differ from similar
processes in the asymptomatic people.

DISCUSSION

Since the first detailed description of SSPB
followed by the identification of possible ways
of lumbar lordosis formation, on which the type
of human vertical posture depends, the interest
of the world orthopedic community in this topic
has been growing annually [5, 22]. Currently, the
literature details possible variants of sagittal
balance changes in adult patients with various
orthopedic spine diseases, femoroacetabular
impingement, and hip osteoarthritis [23, 24, 25,
26, 27]. Moreover, there are studies on the
nuances of acetabular component positioning
during the performance of total hip arthroplasty
that depend on SSPB [28, 29, 30, 31].

Nowadays, there are few publications on the
state of sagittal balance in children with various
pathologies of the musculoskeletal system
[6, 7, 32, 33, 34, 35]. At the same time, the
studies devoted to changes in the state of SSPB
after reconstructive surgeries are sporadic
[13, 36].

In one of the studies, dedicated to evaluation
of changes in SSPB and vertical posture after
transposition of the greater trochanter in
patients with its hypertrophy, I.Yu. Pozdnikin et
al. concluded that this operation led to a decrease
in excessive pelvic anteversion and hyperlordosis.
As a result, the hyperlordotic vertical posture
changes into a harmonious one [36]. At the
same time, such changes in the type of lumbar
lordosis, in our opinion, are primarily associated
with changes in the biomechanics of the gluteus
medius muscle, since PI values in this category of
patients had no differences both before and after
surgery.

We found the only article dedicated to
assessment of the possibilities of surgical balance
correction in children with hip instability [13].
According to the results of the study, the authors
conclude that various reconstructive surgeries on
the pelvicand femoral articular componentsresult
in the reduction of the existing hyperlordosis by
decreasing PI values. However, it should be noted
that the different nosological and age groups
of patients, the presence of various types of
contractures in the hip joint, and the performance
of corrective osteotomy of the femur in the vast
majority of cases did not allow us to adequately
assess the true impact of the techniques of
surgical stabilization of the hip on the change
in SSPB and vertical posture. In addition, no
patient with hip instability of dysplastic etiology
underwent triple pelvic osteotomy.

In our study, different approaches to triple
pelvic osteotomy in patients with hip subluxation
of different genesis allowed to significantly
affect SSPB and vertical posture. In particular, in
patients with Crowe grade I dysplasia, adequate
antero-superior coverage of the femoral head
combined with posterior translation of the
acetabulum led to a decrease in PI, SS, SSA, and
lumbar lordosis values until they reached the
physiologic normal values.

These results confirm the findings of a team of
authors from Japan, who found that the patients
with acetabular dysplasia were characterized
by pelvic anteversion and hyperlordosis, and
anterior and external rotation of the acetabulum
contributed to the reduction of the latter and was
preventive for the development of "hip-spine”
syndrome [37].

In addition, according to the correlation
analysis, the direct positive correlation between
PI and SS increased from 0.3 to 0.86, which may
indicate the restoration of complex kinematic
links in the system "hip joints - lumbar spine". In
patients with subluxation of the femur in LCPD,
the reorientation of the acetabulum, taking into
account its normal development, during triple
pelvic osteotomy was performed strictly in an
external direction in order to achieve a BC of
at least 95% according to the basic principle of
"containment therapy" in this category of patients
[38, 39, 40].

44 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

As a result of the surgical intervention, there
were no significant changes in PI values, while
SS, SSA and lumbar lordosis values reached the
average physiologic levels. Correlation analysis
showed an increase in the direct positive
correlation between PI and GLL from 0.6 to 0.9,
which also indicates the restoration of links in
the kinematic system "hip joints - lumbar spine".
Patients in both study groups showed a persistent
tendency to transform the negative imbalance
into a neutral one, as evidenced by the dynamics
of changes in SVA values. In addition, regardless
of the etiology of hip subluxation after surgical
stabilization of the hip, taking into account
the features of its performance, there was a
conversion of the hyperlordotic type of vertical
posture into a harmonious type, which enables
prevention of the development of "hip-spine"
syndrome and early degenerative dystrophic
changes in the lumbosacral spine in this category
of patients.

CONCLUSIONS

Analysis of mid-term results of surgical treatment
of children with hip instability in the form of hip
subluxationandLegg-Calvé-Perthesdiseaseusing
3D modeling and prototyping of individual guides
showed that the triple pelvic osteotomy leads to
the reduction of both excessive pelvic anteversion
and lumbar hyperlordosis. The achieved optimal
correction of the acetabulum with restoration of
hip stability ensured the transformation of the
physiologically disadvantageous hyperlordotic
type of vertical posture into a harmonious
one, which is confirmed by bringing the main
radiographic parameters of sagittal balance closer
to the values in the asymptomatic population of
children.

DISCLAIMERS
Author contribution

Bortulev PI. — study concept and design, data
collection and processing, iterature search and
analysis, writing the article.

Vissarionov S.V. — study design, drafting the
article.

Barsukov D.B. — data collection and processing,
drafting the article.

Pozdnikin I.Yu. — data collection and processing,
drafting the article.

Poznovich M.S. — data collection and processing,
drafting the article.

Baskaeva T.V. — data collection, drafting the
article.

All authors have read and approved the final
version of the manuscript of the article. All
authors agree to bear responsibility for all aspects
of the study to ensure proper consideration and
resolution of all possible issues related to the
correctness and reliability of any part of the work.

Funding source. State budget financing.

Disclosure competing interests. The authors
declare that they have no competing interests.

Ethics approval. The study was approved
by the local ethics committee of H. Turner
National Medical Research Center for Children’s
Orthopedics and Trauma Surgery, protocol
No 21-4,22.11.2021.

Consent for publication. Written consent was
obtained from legal representatives of children
for publication of relevant medical information
and all of accompanying images within the
manuscript.

REFERENCES

1. Vaz G., Roussouly P., Berthonnaud E., Dimnet
J. Sagittal morphology and equilibrium of
pelvis and spine. Eur Spine J. 2002;(11):80-87.
doi: 10.1007/s0058600002.24.

2. Legaye J., Duval-Beaupere G., Hecquet J., Marty C.
Pelvic incidence: a fundamental pelvic parameter
for three-dimensional regulation of spinal
sagittal curves. Eur Spine J. 1998;7(2):99-103.
doi: 10.1007/s005860050038.

3. Li Y., Sun J., Wang G. Lumbar lordosis morphology
correlates to pelvic incidence and erector
spinae muscularity. Sci Rep. 2021;11(1):802.
doi: 10.1038/s41598-020-80852-7.

4. Bailey J.F., Shefi S., Soudack M., Kramer P.A.,
Been E. Development of Pelvic Incidence and
Lumbar Lordosis in Children and Adolescents.
Anat Rec (Hoboken). 2019;302(12):2132-2139.
doi: 10.1002/ar.24209.

5. Roussouly P., Pinheiro-Franco J.L. Biomechanical
analysis of the spino-pelvic organization and
adaptation in pathology. Eur Spine J. 2011;20 Suppl 5
(Suppl 5):609-618.doi: 10.1007/s00586-011-1928-x.

45 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

6. Bortulev P.I., Vissarionov S.\V., Baskov V.E.,
Ovechkina A.V., Barsukov D.B., Pozdnikin I.Yu.
Clinical and Roentgenological Criteria of Spine-
pelvis Ratios in Children with dysplastic Femur
Subluxation.  Traumatology  and  Orthopedics
of Russia. 2018;24(3):74-82. (In  Russian).
doi: 10.21823/2311-2905-2018-24-3-74-82.

7. Bortulev P.I., Vissarionov S.V., Barsukov D.B.,
Pozdnikin 1Y., Baskov V.E., Baskaeva T.V.
et al. Evaluation of Radiological Parameters
of the Spino-Pelvic Complex in Children
with Hip Subluxation in Legg-Calve-Perthes
Disease. Traumatology and Orthopedics
of Russia. 2021;27(3):19-28. (In Russian).
doi: 10.21823/2311-2905-2021-27-3-19-28.

8. Farsetti P., Caterini R., De Maio F., Potenza V.,
EfremovK.,IppolitoE. Tonnis triple pelvic osteotomy
for the management of late residual acetabular
dysplasia: mid-term to long-term follow-up study
of 54 patients. J Pediatr Orthop B. 2019;28(3):
202-206. doi: 10.1097/BPB.0000000000000575.

9. Kamosko M.M., Baskov V.E., Barsukov D.B.,
Pozdnikin I.Yu., Grigoriev 1.V. Transposition of the
acetabulum after triple pelvic osteotomy in the
treatment of children with hip dysplasia.
Traumatology and Orthopedics of
Russia. 2014;(3):76-85 (In Russian).
doi: 10.21823/2311-2905-2014-0-3-76-85.

10.van Hellemondt G.G., Sonneveld H., Schreuder
M.H., Kooijman M.A., de Kleuver M. Triple
osteotomy of the pelvis for acetabular
dysplasia: results at a mean follow-up of 15
years. | Bone Joint Surg Br. 2005;87(7):911-915.
doi: 10.1302/0301-620X.87B7.15307.

11.Saqib M., Salman M., Hayat S., Khan M.A., Ullah
S. Developmental Dysplasia Of The Hip In Older
Children; Prospects Of Functional And Radiological
Outcome Following A Single Stage Triple Procedure.
J Ayub Med Coll Abbottabad. 2019;31(3):427-431.

12.de Kleuver M., Kooijman M.A., Pavlov PW.,
Veth R.P. Triple osteotomy of the pelvis for
acetabular dysplasia: results at 8 to 15 vyears.
J Bone Joint Surg Br. 1997;79(2):225-229.
doi: 10.1302/0301-620x.79b2.7167.

13.Leunig M., Ganz R. The evolution and concepts of
joint-preserving surgery of the hip. Bone Joint . 2014;
96-B(1):5-18.d0i:10.1302/0301-620X.96B1.32823.

14.Camurcu LY., Yildirim T., Buyuk A.F., Gursu S.S.,

Bursali A., Sahin V. Tonnis triple pelvic
osteotomy for Legg-Calve-Perthes
disease. Int Orthop. 2015;39(3):485-490.

doi: 10.1007/s00264-014-2585-6.

15.Rosello O., Solla F., Oborocianu I., Chau E., ElHayek
T., Clement J.L. et al. Advanced containment
methods for Legg-Calvé-Perthes disease: triple
pelvic osteotomy versus Chiari osteotomy. Hip Int.
2018;28(3):297-301. doi: 10.5301/hipint.5000569.

16.Pailhé R., Cavaignac E., Murgier J., Cahuzac ].P,,
de Gauzy ].S., Accadbled F. Triple osteotomy of the
pelvis for Legg-Calve-Perthes disease: amean fifteen
year follow-up. Int Orthop. 2016;40(1):115-122.
doi: 10.1007/s00264-015-2687-9.

17. Chelpachenko O.B., Zherdev K.V., Fisenko A.P.,
Butenko A.S., Yatsyk S.P., Dyakonova E.Yu.
et al. Surgical correction of trunk balance
in spinal deformities and in instability
of hip joints. Russian Journal of Pediatric
Surgery.  2020;24(4):256-265. (In  Russian).
doi: 10.18821/1560-9510-2020-24-4-256-265.

18.Kamosko M.M., Baindurashvili A.G. Dysplastic
coxarthrosis in children and adolescents (clinic,
pathogenesis, surgical treatment). St. Petersburg:
SpetsLit; 2010. p. 54-72.

19.Direito-Santos B., Franca G., Nunes J]., Costa
A., Rodrigues E.B., Silva A.P. et al. Acetabular
retroversion: Diagnosis and treatment.
EFORT Open Rev. 2018 12;3(11):595-603.
doi: 10.1302/2058-5241.3.180015.

20.Hesarikia H., Rahimnia A., Emami Meybodi
M.K. Differences between male and female
sagittal spinopelvic parameters and alignment
in asymptomatic pediatric and young adults.
Minerva Ortop  Traumatol. 2018;69(2):44-48.
doi: 10.23736/5S0394-3410.18.03867-5.

21.Chevillotte T., Chan S.K., Grobost P., Laouissat F.,
Darnis A., Silvestre C. et al. Quantifying the
Spinal Lordosis Ratio Unique to the Type of
Spinal Sagittal Alignment in a Normal Population.
Global  Spine ]J.  2022:21925682221133748.
doi: 10.1177/21925682221133748.

22.Duval-Beaupére G., Robain G. Visualization on full
spine radiographs of the anatomical connections of
the centres of the segmental body mass supported
by each vertebra and measured in vivo. Int Orthop.
1987;11(3):261-269. doi: 10.1007/BF00271459.

23.Soydan Z., Bayramoglu E., Altas O. The Impact
of Spinopelvic Alignment on the Facet Joint
Degeneration. Global Spine J. 2023. A head of print.
doi: 10.1177/21925682231162813.

24.Cho Y., Jo D.]., Hyun S.J., Park J.H., Yang N.R.
From the Spinopelvic Parameters to Global
Alignment and Proportion Scores in Adult Spinal
Deformity. Neurospine. 2023;20(2):467-4717.
doi: 10.14245/ns.2346374.187.

25.Labelle H., Mac-Thiong J.M., Roussouly P.
Spino-pelvic sagittal balance of spondylolisthesis:
a review and classification. Eur Spine J.
2011;20 Suppl 5(Suppl 5):641-646.
doi: 10.1007/s00586-011-1932-1.

26.Burton D.A., Karkenny A.]., Schulz ].F., Hanstein R.,
Gomez J.A. Sagittal spinopelvic changes after
posterior spinal fusion in adolescent idiopathic
scoliosis. J Child Orthop. 2020;14(6):544-553.
doi: 10.1302/1863-2548.14.200155.

46 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

27.Riviere C., Hardijzer A., Lazennec ].Y., Beaulé P.,
Muirhead-AllwoodS.,Cobb].Spine-hiprelationsadd
understandings to the pathophysiology of femoro-
acetabular impingement: A systematic review.
Orthop Traumatol Surg Res. 2017;103(4):549-557.
doi: 10.1016/j.0tsr.2017.03.010.

28.Batra S., Khare T., Kabra A.P., Malhotra R. Hip-spine
relationship in total hip arthroplasty — Simplifying
the concepts. J Clin Orthop Trauma. 2022;29:101877.
doi: 10.1016/j.jcot.2022.101877.

29.Louette S., Wignall A., Pandit H. Spinopelvic
Relationship and Its Impact on Total Hip
Arthroplasty. Arthroplasty Today. 2022;17:87-93.
doi: 10.1016/j.artd.2022.07.001.

30.Mancino F., Cacciola G., Di Matteo V., Perna A.,
ProiettiL.,GreenbergA.etal.Surgicalimplications of
the hip-spine relationship in total hip arthroplasty.

Orthop Rev (Pavia). 2020;12(Suppl 1):8656.
doi: 10.4081/0r.2020.8656.
31.Zagra L., Benazzo F., Dallari D., Falez F.,

SolarinoG.,D’ApolitoR.etal.Current conceptsinhip-
spine relationships: making them practical for total
hip arthroplasty. EFORT Open Rev. 2022;7(1):59-69.
doi: 10.1530/EOR-21-0082.
32.Kuleshov A.A., Vetrile M.S,,
Ovsyankin AJV., Kuzminova E.S., Lisyansky
ILN. et al. Comparative characteristics of
sagittal balance in normal children and with
spondylolisthesis. N.N.  Priorov  Journal of
Traumatology and Orthopedics. 2021;29(1):25-33.
(In Russian). doi: 10.17816/vto105177.
33.Prudnikova O.G., Aranovich A.M. Clinical and

Zakharin V.R.,

radiological aspects of the sagittal balance
of the spine in children with achondroplasia.
Pediatric ~ Traumatology, Orthopaedics  and

Reconstructive Surgery. 2018;(6)4:6-12. (In Russian).
doi: 10.17816/pToRS646-12.

34.Abelin K., Vialle R., Lenoir T., Thévenin-Lemoine C.,
Damsin J.P., Forin V. The sagittal balance of the
spine in children and adolescents with osteogenesis
imperfecta. Eur Spine J. 2008;17(12):1697-1704.
doi: 10.1007/s00586-008-0793-8.

35.Barsukov D.B., Bortulev P.I., Vissarionov S.V.,
Pozdnikin I.Yu., Baskayeva T.V. Evaluation of
radiological indices of the spine and pelvis
ratios in children with a severe form of
slipped capital femoral epiphysis. Pediatric
Traumatology, Orthopaedics and Reconstructive
Surgery.  2022;10(4):365-374. (In  Russian).
doi: 10.17816/PTORS111772.

36.Pozdnikin 1., Bortulev P.I., Vissarionov S.V.,
Barsukov D.B., Baskaeva T.V. Changes in sagittal
vertebral-pelvic ratios in children with a high
position of the large trochanter after surgical
treatment. Pediatric Traumatology, Orthopaedics
and Reconstructive Surgery. 2023;11(3):315-326.
(In Russian). doi: 10.17816/PTORS472122.

37.0kuzu Y., Goto K., Okutani Y., Kuroda Y.,
Kawai T., Matsuda S. Hip-Spine Syndrome:
Acetabular Anteversion Angle Is Associated with
Anterior Pelvic Tilt and Lumbar Hyperlordosis
in Patients with  Acetabular  Dysplasia:
A Retrospective Study. /BJS Open Access. 2019;4(1):
e0025. doi: 10.2106/]BJS.0A.18.00025.

38.Ziebarth K., Kaiser N., Slongo T. Triple osteotomy
for patients with Legg-Calve-Perthes disease. Oper
Orthop Traumatol. 2022;34(5):323-332. (In German).
doi: 10.1007/s00064-022-00784-5.

39.Joseph B., Price C.T. Principles of containment

treatment aimed at preventing femoral
head deformation in Perthes disease.
Orthop Clin North Am. 2011;42(3):317-327.

doi: 10.1016/j.0c1.2011.04.001.

40.Slongo T., Ziebarth K. Femoral head reduction
osteotomy to improve femoroacetabular
containment in Legg-Calve-Perthes disease. Oper
Orthop Traumatol. 2022;34(5):333-351. (In German).
doi: 10.1007/s00064-022-00779-2.

Authors’ information
B4 Pavel I. Bortulev — Cand. Sci. (Med.)

Address: 64-68, Parkovaya st., St. Petersburg, Pushkin, 196603, Russia

https://orcid.org/0000-0003-4931-2817
e-mail: pavel.bortulev@yandex.ru

Sergei V. Vissarionov — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0003-4235-5048
e-mail: vissarionovs@gmail.com

47 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Dmitriy B. Barsukov — Cand. Sci. (Med.)
https://orcid.org/0000-0002-9084-5634
e-mail: dbbarsukov@gmail.com

Ivan Yu. Pozdnikin — Cand. Sci. (Med.)
https://orcid.org/0000-0002-7026-1586
e-mail: pozdnikin@gmail.com
Makhmud S. Poznovich
https://orcid.org/0000-0003-2534-9252
e-mail: poznovich@bk.ru

Tamila V. Baskaeva
https://orcid.org/0000-0001-9865-2434
e-mail: tamila-baskaeva@mail.ru

48 2023;29(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



