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Introduction. Triple pelvic osteotomy is an effective surgical treatment for dysplastic subluxation of the hip in children
aged above 12 years. However, modern studies did not assess the indicators of spine-pelvis ratios, sagittal profile of
the spine in children with dysplastic subluxation of the hip following surgical treatment, and possibility of change on
these values during the operation.

Aim. This study aimed to evaluate the effectiveness of the improved technique of performing triple pelvic osteotomy
on children with dysplastic subluxation of the hip.

Materials and methods. We analyzed the x-ray images and surgical treatment of 35 female patients (44 hip joints) aged 13
to 18 years with dysplastic subluxation of the hip between 2016 and 2018. The patients were divided into two groups: the
main group consisted of 20 patients (25 hip joints) who underwent surgical treatment that had taken into account the state
of sagittal spine-pelvis ratios according to the improved method using personalized navigation templates, and the control
group consisted of 15 patients (19 hip joints) who received surgical treatment according to the generally accepted method.
Results. In addition to the typical clinical and radiological abnormalities of the dysplastic subluxation of the hip in 90%
of patients in both groups, there were changes in the sagittal balance in the form of excessive pelvic anteversion and
lumbar hyperlordosis. One year postoperatively, patients in the main group showed significant changes (p < 0.05) in
the state of sagittal spine-pelvis ratios in the form of a decrease in the pelvic base angle, which led to the achievement
of the average values of the angle of inclination of the sacral slope (SS) and the value of global lumbar lordosis. On the
other hand, these radiological parameters in patients in the control group remained within the preoperative values.
Conclusion. The improved technique of triple pelvic osteotomy provides conditions for the reduction of pelvic an-
teversion and restoration of the sagittal profile of the spine (p < 0.05). The use of personalized navigation templates
allows for the most accurate multiplane correction of the acetabulum. It is necessary to include a specialized x-ray
examination in the preoperative planning to assess the state of sagittal spine-pelvis ratios.

Keywords: children; subluxation of the hip; sagittal spino-pelvic ratios; triple pelvic osteotomy; 3D-prototyping;
navigation templates.
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BBenenne. TpoitHas ocreoToMus Tasa sBnseTcs 3P eKTUBHON METORUKON XMPYPIUMUECKOrO JIedeHMs HeTeil C uc-
IUIACTUYECKUM TOfBBIBUXOM Oefpa crapure 12 net. OZHAKO OTCYTCTBYIOT COBPEMEHHbIE MCCIeSOBAHMsI, IOCBAIIEHHbIE
OLIeHKe ITOKa3aTesell TO3BOHOYHO-Ta30BbIX COOTHOLIEHWIT M CaTMTTa/JIbHOTO IMpOo(WIA I03BOHOYHMKA Y JeTeil ¢ Juc-
IUTACTMYECKUM IOJIBBIBYXOM Oefipa II0C/ie XMPYPIMYECKOro JIeYeHNUA, a TaKKe BO3MOXHOCTEN M3MEHEHNA NaHHBIX
BENMMYMH B XOfi€ ONEPaLVN.

Ilenp pa6orsl — oueHUTb 3¢ (PEeKTUBHOCTD YCOBEPUIEHCTBOBAHHOM METOMIKM TPOIHONM OCTEOTOMMM Ta3a y HeTeil
C AUCIUIACTMYECKUM IIOfIBBIBUXOM Oefipa.

Marepuansl M MeTORbI. Dby NMpoaHanM3MpPOBAHBI Pe3yNIbTaThl YIIYOTeHHOIO PEeHTTeHOMIOTMYeCKOro 00CIefoBaHMs
U XUPYPIMYECKOro JiedeHNs 35 MalieHTOB >XeHCKOoro mona (44 Ta3oOefpeHHBIX CycTaBa) B Bo3dpacTe oT 13 fo
18 neT ¢ AUCIIACTMYECKUM IMOABBIBUXOM Oefpa, monmydaBuiux jedeHyue ¢ 2016 mo 2018 r. ITanueHTsl 6bplmu pas-
[ieJleHbl Ha JBe TPYIIBl: OCHOBHYIO Tpymny coctaBmiu 20 mHanueHToB (25 Taso0e[peHHBIX CYCTaBOB), KOTOPBIM
XMpYpIUyecKoe jieueHMe IIPOBOAVIIN C y4ETOM COCTOSIHMA CarMTTa/bHBIX IO3BOHOYHO-TA30BBIX COOTHOIIEHMI IO
YCOBEPLICHCTBOBAHHOII METONMKe C MUCIIONb30BAHNMEM IEePCOHM(UIMPOBAHHBIX HABUTALIMOHHBIX IIAGIOHOB; KOH-
TPOJIBHYI0 IPyHIy cocTaBwin 15 manueHtoB (19 TasoOeqpeHHBIX CYCTAaBOB), MOMYYABIINX XVMPYPIUIECKOe JedeHNe
0 OOLIENPUHSITON METOLMUKE.

PesynbraThbl. [IOMMMO TUIMYHBIX KIMHMKO-PEHTT€HOJOIMYECKUX HAPYIIEHNUN, XapaKTEPHbIX A/A JUCIIACTUYECKOTO
nopBeiBuxa 6Genpa, y 90 % manmeHTOB 06eux IPyIN HabGIIO[AMNCh M3MEHEHNsI CO CTOPOHBI CArMTTA/IbHOrO bGamaH-
ca B Bufie M30OBITOYHON aHTeBep3MM Tasza M TUIIEPIOPHO3a MOACHUYHOIO OTfeNa IO03BOHOYHMKA. Uepe3 rop mocie
XMPYPIUYECKOTO JIeYeHNUsA y NMAIYIEHTOB OCHOBHOJ I'PYIIIBI IIPOM3OILIN AOCTOBepHble (p < 0,05) M3MeHeHMs caruT-
TaJIbHBIX TTO3BOHOYHO-TA30BbIX COOTHONIEHMII B BUJE YMEHbUIEHNA YITa HaK/IOHA Tasa, YTO MPUBENO K JOCTIDKe-
HIUIO CPEJHECTATUCTUYECKMX 3HAYEHMII yI/la HAK/IOHA KPECTIa M BEIMYMHBI MOSCHMYHOTO JIOpHo3a. Y HalieHTOB
KOHTPOJIbHOJ TPYIIBI BbILI€yKa3aHHblE PEHTT€HONOTMYECK)E [TOKA3aTeNM OCTAMNCh B Ipefenax I00NepaliOHHbIX
3HaYEHUIL.

3aknioueHMe. YCOBepUIEHCTBOBAHHASA METOAVKA TPOIHON OCTEOTOMMUM Tasda oOecliedMBaeT YCIOBUS /ISl YMeHb-
IIeHNUsI aHTeBEP3MM Ta3a M BOCCTAHOBIEHNS CarMTTANbHOrO mpoduas mos3poHouHmka (p < 0,05). Ilepconndnu-
LUpPOBaHHble HABUTALMOHHbIE IIA0GIOHBI MO3BOMAIOT OCYI[ECTB/ISTh MAaKCUMATbHO TOYHYI0 MHOTOIIOCKOCTHYIO
KOPPEKI[MI0 BePTIY>KHOI BraguHbl. Heo6xoaumMo BKIIIOUEHNE B IPefOIepAlMOHHOE IIAHMPOBAHME CIIEL[MaTN3N-
POBaHHOTO PEHTTEHOTOINYIECKOr0 00C/IeTOBAHNS C LIeIbI0 OLIEHKY COCTOSIHMS CaTMTTa/IbHBIX [T03BOHOYHO-Ta30BBIX
COOTHOUIEHMIA.

KnroueBbie coBa: OE€TU; IIOABbIBUX 6enpa; CaruTTa/IbHbIE TTIO3BOHOYHO-TA30BbI€ COOTHOIICHNA; TpOﬁIHaH OCTE€OTOMUA
Ta3a; 3D—HPOTOTI/IHI/IPOB&HI/IC; HaBI/II‘aLU/IOHHIJIﬁ 11a6JIo0H.

Introduction

Hip dysplasia manifests through a number of
pronounced anatomical changes resulting from
impaired physiological development of the joint
during the ante- and postnatal periods [1]. In
the absence of a timely diagnosis and adequate
conservative treatment, as the child grows, the
femoral head becomes decentralized, resulting
in subluxation, which leads to severe static-
dynamic disorders and pain syndrome as early
as adolescence [2]. In patients with dysplastic
subluxation of the hip, we observe clinical and
radiological changes in the sagittal profile of the
spinal column and a disruption of the vertebral-
pelvic ratios. These pathological processes lead to
the formation of a vertical posture that falls outside
generally accepted standard parameters. One of the
fundamental parameters leading to these changes is
excessive pelvic anteversion [3].

Surgical technologies aimed at stabilizing
dysplastic hip joints have a long history of
development, from various options for correcting
hip osteotomies, bone canopies, and acetabuloplasty
to rotational osteotomies of the pelvis [4-6]. Pelvic
osteotomy using Dr. Salter’s technique (1957) is the
gold standard for the treatment of children younger
than 7 years who suffer from dysplastic instability of
the hip joints. At older ages, however, the possibility
of acetabular fragment rotation is significantly
reduced due to the rigidity of the pubic symphysis
ligaments. This situation served as a prerequisite for
the development of alternatives for the transposition
of the acetabulum with dysplastic hip subluxation.
In 1977, D. Sutherland and R. Greenfield developed
and described a double pelvic osteotomy. In 1991,
D. Sutherland and M. Moore published clinical and
radiological outcomes of pelvic osteotomy: they
excluded the mandatory basic element of the Salter
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operation and performed an osteotomy somewhat
more medially to the fusion of the pubic bone
branches and, resected the bone fragment.

The technique of double pelvic osteotomy
developed by Yu.l. Pozdnikin (1983) includes, in
addition to the iliac bone osteotomy, a periacetabular
resection of the pubic bone followed by a “closed”
fracture of the pubic-sciatic synchondrosis during
rotation. This procedure extends the possibilities for
correcting the acetabulum. It should be noted that
the clinical application of this technique is limited
by the patient’s age, and one of its disadvantages is
lateralization of the hip joint.

At present, the most widespread techniques
include variants of triple pelvic osteotomy in
the H. Steel and D. Tonnis modification with
the functioning Y-shaped cartilage, and the
periacetabular pelvic osteotomy according to
R. Ganz, which are performed after the completion
of pelvic bone growth [7-9]. A significant drawback
of the above operational techniques is the need to
use several surgical approaches for the pelvic bone
osteotomy by changing the position of the patient
on the operating table during the intervention, as
well as severe deformity of the pelvic half-ring after
surgery. The periacetabular osteotomy technique
by R. Ganz (1980), despite its obvious advantages,
such as maintaining the posterior pelvic column
intact, the stability of the pelvis configuration,
and the possibility of early axial load, is extremely
difficult technically. In addition, acetabular hollows
cannot be medialized during the operation.
Given the disadvantages, Russian scientists have
developed technologies for triple pelvic osteotomy
that have found broad application among
orthopedic surgeons working in specialized hospital
departments [10-12]. Analyses of the long-term
results of triple pelvic osteotomy in children with
dysplastic instability of the hip joint have shown
that triple pelvic osteotomy is the most appropriate
method of surgical correction of the spatial position
of the acetabulum.

To date, there have been no postoperational
assessment studies of indicators of the vertebral-
pelvic ratios and the sagittal profile of the spine
in children with dysplastic subluxation of the hip,
including the possibilities of changing these values
during surgery. Therefore, doctors from the Hip
Joint Pathology Department of the Turner Scientific
Research Institute for Children’s Orthopedics of

the Ministry of Health of the Russian Federation
improved the triple pelvic osteotomy technique
for the treatment of children with dysplastic hip
subluxation (application for the grant of a patent
for invention from the Russian Federation
No. 2018132663, September 12, 2018).

The aim of this study was to evaluate the
effectiveness of an improved technique for triple
pelvic osteotomy in children with dysplastic
subluxation of the hip.

Materials and methods

The study included 35 female patients (44 hip
joints) aged from 13 to 18 years (mean age
15.5 £ 1.38 years) with hip joint instability of
dysplastic genesis in the form of hip subluxation.
They were treated in the institute’s clinic from
2016 to 2018. The criteria for inclusion were age
from 13 to 18 years; unilateral or bilateral hip
subluxation; a true collum-diaphyseal angle not
more than 140 degrees; an antetorsion angle of
the proximal femur not more than 45 degrees;
congenital or acquired constant spinal column
pathologies; neurological disorders; systemic and
genetic diseases; and voluntary informed consent
from patients and their parents to participate in
this study. The criteria for exclusion of patients
were hip dislocation, including marginal; a true
collum-diaphyseal angle more than 140 degrees; an
angle of proximal femur anterior torsion more than
45 degrees that required corrective osteotomy of the
femur; congenital spinal or idiopathic scoliosis; or
verified neurological, systemic, or genetic diseases.
All the children were divided into two groups.
The study group consisted of 20 patients (25 hip
joints), who underwent a triple pelvic osteotomy
using an improved technique, taking into account
the state of the sagittal balance of the spine and the
vertebral-pelvic ratios. Unilateral subluxation was
found in 15 (75%) patients, and bilateral subluxation
was found in 5 (25%) patients. The control group
consisted of 15 children (19 hip joints), who
underwent surgical intervention (triple pelvic
osteotomy) according to the standard technique;
that is, the acetabulum rotation was calculated
only on the basis of roentgeometry results for
hip joints. Unilateral subluxation was found in
11 (73.4%) patients; bilateral subluxation was found
in 4 (26.6%). In order to objectify patient complaints
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a

c

Fig. 1. Planning of the surgical intervention using the PME Planner program: a — segmentation of the image obtained
after multislice CT; b — osteotomy of the pelvic bones and planning the correction of the acetabular position; ¢ —
planning the necessary translation of the posterior acetabular fragment

a

c

Fig. 2. Virtual creation of personalized navigation patterns in the PME Planner program: a — a template for performing
the ilium body osteotomy; b, ¢ — template for intraoperative fixation of the acetabular fragment in the position of the
calculated correction in all planes

Fig. 3. Clinical application of a personalized navigation template: a — an intraoperative pattern for using a template to

calculate the exact location of the ilium body osteotomy; b — intraoperative picture of using the template to fix the spatial

position of the acetabulum in the position of the calculated correction; ¢, d — radiological and multislice CT result of
triple pelvic osteotomy using the chosen technique

and obtain the most complete information about
the functional state of the hip joint, all the patients
completed the teen-adapted scale — the Harris hip
score questionnaire, from which the goniometry
section was excluded as the most difficult for
assessment by the child itself. X-ray examination
methods included an X-ray of the hip joints in the

anteroposterior projection and in the Lauenstein
position, computed tomography (CT), and a lateral
panoramic radiograph of the spinal column C,-§,
with the femurs in the standing position before the
operation and 1 year after the operation. During the
study, indicators such as vertical inclination angle
of the acetabulum (Sharp angle), Wiberg angle,
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collum-diaphyseal angle, proximal femur angle of
antetorsion, degree of bone covering (DBC), size
of thoracic kyphosis and global lumbar lordosis
(according to Cobb), pelvic incidence (PI), sacral
slope (SS), pelvic tilt (PT) angle, and global sagittal
balance (SVA) were evaluated. For triple pelvic
osteotomy in children with dysplastic instability
of the hip joints, we chose the method developed
by the Turner Scientific Research Institute for
Children’s Orthopedics (Kamosko, MM, 2007). After
the CT study, during the preoperational period
all the patients from the study group underwent
3D modeling with subsequent computer planning
of the upcoming surgery with Polygon Medical
Engineering (PME) Planner software (Fig. 1).
The patients from the control group underwent
a visual correction of acetabulum position during
the triple pelvic osteotomy in order to eliminate the
hip subluxation.

Taking into account the information in
the literature and the experience of our own
observations regarding sagittal vertebral-pelvic
ratios in healthy children and patients with hip joint
pathology [3, 13-15], we believe we have improved
the triple pelvic osteotomy technique. The main
task was not only to achieve stability of the hip
joint, but also to improve the sagittal vertebral-
pelvic ratios. A distinctive feature of this operation
was not the angular resection of the ilium, but
instead a transverse periacetabular osteotomy from
top to bottom, with the onset below the anterior
superior iliac spine and the posterior acetabular
fragment displacement after rotational acetabulum
transposition (see Fig. 1).

The displacement of the acetabular component
was calculated on the basis of the PI indicator,
which is the only permanent anatomical indicator
and can only be changed by injury or surgery [16].
The acetabular fragment was moved posteriorly
between 0.5 and 1.5 cm. The technique of
prototyping personalized navigation patterns (fused
deposition modeling on a PICASO 3D Designer
PRO 250 printer) was to ensure maximum
accuracy during the surgical intervention and to
limit the possibility of hypo- or hypercorrection
of the pelvic component and to prevent the
development of femoroacetabular impingement.
The use of these patterns during surgical
intervention allowed us to perform the osteotomy
of the ilium body and fixation of bone fragments

exactly in accordance with the previously calculated
correction (Fig. 2, 3).

The obtained data were evaluated using Surgi-
map v. 2.2.15. The statistical analysis was performed
using IBM SPSS v.23. The level of significance of
differences was determined using the nonparametric
Mann-Whitney U test with a reliability of at least
p <0.05. The correlation analysis was performed
using the Pearson criterion.

Results

At the time of admission to the clinic, the
patients from both groups complained of pain in the
area of the affected hip joint and gait disturbance.
The average Harris hip score for the patients from
the study and control groups was 62.4 + 4.1 and
64 + 5.4, respectively. The relative shortening of
the lower limb was 1.3 £ 0.5 cm (for unilateral
lesion). In addition, all patients noted restrictions
in their physical activity. The restrictions were
mainly characteristic of adolescents (an inability
to participate in active sports, such as aerobics
or dancing). These restrictions were the cause
of pronounced psycho-emotional discomfort.
The mean values of the amplitude of active hip joint
movements in the patients in the study group were
as follows: flexion 110° + 5°, abduction 34° + 6°,
extension 10° £ 5°, internal rotation 60° + 10°, and
external rotation 50° + 10°. The patients from the
control group showed similar data in terms of
flexion (105° + 9°), abduction (38° + 4°), extension
(15° + 7°), internal rotation (5° + 12°), and external
rotation (50° + 8°).

A change in the sagittal profile of the spinal
column, manifested as hyperlordosis of the lumbar
spine, was observed in 17 (85%) patients in the
study group and in 12 (80%) patients in the control
group.

The preoperational results of radiological
examinations in both groups (average values of Sharp
and Wiberg angles, cranial displacement, cervical-
diaphyseal angle, proximal femur anesthetic angle,
thoracic kyphosis, global lumbar lordosis (GLL) and
sagittal vertebral-pelvic ratios [PI, PT, SS, SVA]) are
presented in Table 1.

The absence of significant differences
(p > 0.05) in the data obtained allowed for further
comparisons. Table 1 shows that both groups
had values characterizing the pelvic and femoral
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Table 1

Preoperational indicators of the spatial orientation of the acetabulum, proximal femur, hip joint stability,
sagittal spine profile, and vertebral-pelvic ratios in children with dysplastic hip subluxation from the study
and control groups

Indicators S?l;\(/}yigggl;p Co(n]&[r ?_rl Sgg;up

Sharp angle, degrees 56.9 £ 4.0 57.6 £5 (51-63)
Wiberg angle, degrees -42+238 -5.0+3.7
DBC,% 55.8+6.3 53.0+7.8
Cranial displacement, cm 0.8+0.3 0.7+0.4
CDA, degrees 133.8£3.9 134.8 3.5
AA, degrees 38.5%6.7 37.3£6.5
PI, degrees 525+ 11.1 52.1 £10.5
PT, degrees 9.1+95 11.1+9.1
SS, degrees 433 +45 42.7 +3.7
TK, degrees 33.6+11.0 35.1+11.6
GLL, degrees 58.4 6.5 57.3 £ 4.0
SVA, degrees -6.4+18.8 -5.7+16

Abbreviations: DBC: degree of bone coverage; CDA: collum-diaphyseal angle; AA: the angle of proximal femur antetorsion; PI: pelvic
incidence; PT: pelvic tilt; SS: sacral slope; TK: thoracic kyphosis; GLL: global lumbar lordosis; SVA: global sagittal balance.

Table 2
Amplitude of movements in the hip joints of patients in both groups after surgical treatment
The amplitude of movements The amplitude of movements
Movement in patients from the study group in patients from the control group
(M + SD) (M + SD)
Flexion, degrees 116.0 £ 4.7 115.0 £5.1
Abduction, degrees 38.0+ 3.5 36.0+2.9
Internal rotation, degrees 30.0 £3.7 30.0 £ 3.1
External rotation, degrees 45.0 £ 4.2 45.0 £ 3.8

components of the joint that are typical for
dysplastic pathology [17]. The excessive pelvis
anteversion in 32 (91%) patients from both groups
manifested as an increase in the SS index and
a decrease in the PT index. Changes in the state
of the physiological spine curves in the form of
hyperlordosis were registered in the lumbar region
only. In just 3 (9%) patients from both groups, the
indices of sagittal vertebral-pelvic ratios remained
within average values. The SVA indicator, which
characterizes the state of global sagittal balance,
was negative in both groups. Correlation analyses
in patients from both groups showed the presence
of a strong correlation only between GLL and SS
values (r = 0.68, p < 0.05). The correlation between
PI and SS was weak (r = 0.38, p < 0.05).

The results of surgical treatment were evaluated
after 1 year. Patients from both groups received
specialized rehabilitation treatment starting in
the early postoperative period [18]. At the time
of the examination, 2 (10%) patients from the
study group and 1 (10%) patient from the control
group complained of discomfort in the region
of the operated joint and gait disturbance that
occurred only after considerable physical exertion.
The remaining patients from both groups had no
complaints. The average Harris hip score in patients
from the study and control groups was 91 + 4.8
and 90 + 3.6, respectively. The goniometry data are
presented in Table 2.

Table 2 shows that the indices of hip joint
goniometry almost reached physiological values
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Table 3

Indicators of spatial acetabulum orientation, proximal femur, hip joint stability, sagittal spine profile,
and vertebral pelvic ratios in patients from both groups 1 year after surgical treatment

Indicators St(l;&yigsrgl)lp Co(nAEIr (il gggup
Sharp angle, degrees 35.1+4.7 32.1+81
Wiberg angle, degrees 320+4.1 37.0+9.2
DBC,% 95.0 +4.2 100.0 £ 5.1
Cranial displacement, cm 0.2+0.13 0.3+0.15
CDA, degrees 133.8£3.9 1348 £3.5
AA, degrees 385+6.7 37.3+6.5
PI, degrees 40.1 £ 10* 55.3+9.3
PT, degrees 5.1 +8.3* 121 £9.6
SS, degrees 35.0 £ 4.5* 432 +4.1
TK, degrees 31+6 35.7 +10.7
GLL, degrees 45.3 £ 6.0* 59.8 + 3.6
SVA, degrees 5.7 + 14.1* -6.2 £16.7

Abbreviations: DBC: degree of bone coverage; CDA: collum-diaphyseal angle; AA: the angle of proximal femur antetorsion; PI: pelvic
incidence; PT: pelvic tilt; SS: sacral slope; TK: thoracic kyphosis; GLL: global lumbar lordosis; SVA: global sagittal balance. * significance

of the difference between the study and control groups (p < 0.05).

in patients from both groups 1 year after surgical
treatment. According to the results of a visual
assessment, the state of physiological spinal
curvatures in the patients from the study group
tended to normalize, whereas the control group
preserved the hyperlordosis of the lumbar spine.
In the course of a triple pelvic osteotomy by the
improved technique in 18 (90%) patients, the
posterior acetabulum was displaced 1-1.5 cm,
which resulted in a 10°-15° decrease in PI.
In 2 (10%) patients, who did not show significant
deviations from the average values of the vertebral-
pelvic ratios, the posterior acetabulum was displaced
no more than 0.5 cm to prevent anterior acetabulum
displacement during rotation.

Table 3 presents the results of radiological
examinations (average values of Sharp and Wiberg
angles, cranial displacement values, cervical-
diaphyseal angle, proximal femur antetorsion angle,
thoracic kyphosis, GLL, and indices of sagittal
vertebral-pelvic ratios [PI, PT, SS, SVA]) of patients
from both groups 1 year after surgery.

Based on the data from Table 3, it can be
concluded that 1 year after triple pelvic osteotomy,
the average values of radiological indicators
characterizing the spatial position of the acetabulum
and the average values of integral indicators

describing the orientation and ratio of the pelvic
and femoral joint components varied, but were in
the range of normal values in both groups [17].
At the same time, the pelvic ratios in the study
group compared with the control group changed
significantly (p < 0.05) toward a decrease in PI
that led to a decrease in pelvic anteversion and,
as a result, lumbar spine hyperlordosis. In most
cases, the study group showed improvements in the
SVA indicator. In addition, the correlation analysis
showed a stronger connection between PI and SS
indices (r = 0.67, p < 0.05), which could indicate
restoration of the kinematic chain in the hip joint —
lumbosacral spine system (Fig. 4).

Discussion

Congenital and acquired diseases of both the
spine and hip joints can lead to changes in sagittal
vertebral-pelvic ratios [19, 20]. To date, when
planning the correction of spinal deformities,
vertebrologists have always calculated spinal-pelvic
ratios to achieve a stable physiological sagittal profile
after surgery [16, 21]. A number of authors have
shown that changes in pelvic indices cause changes
in the sagittal profile of the lumbar spine that, in
turn, lead to the early development of degenerative
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Fig. 4. Strong correlation between PI (pelvic incidence) and SS (sacral slope) values in the study group after treatment
(r=0.67; p < 0.05)

processes in the anterior or posterior supporting
complex [20, 22, 23].

Data on a comprehensive preoperative exami-
nation of patients revealed abnormalities in the
affected hip joint in both groups of patients. Such
abnormalities are characteristic of dysplastic hip
subluxation. These changes were manifested both in
the clinical picture of the disease (pain syndrome,
claudication, and limitation of in the hip joint
movement), and in the data from radiological
examinations in the form of pathological spatial
orientation and disruption of the ratios between
pelvic and femoral joint components. In addition,
both groups showed lumbar spine hyperlordosis
and disruption of sagittal vertebral-pelvic ratios
(negative global sagittal balance and excessive pelvis
anteversion). The literature analysis showed that
only one publication described the state of sagittal
vertebral-pelvic ratios in adults with hip dysplasia.
The results of the studies conducted by a group
of Japanese scientists who evaluated the vertebral-
pelvic ratios in children with this pathology are
almost identical to our preoperational data for both
groups [24]. Thus, we can conclude that there are
typical ratio patterns in the pelvis-spine system in
the form of excessive pelvis anteversion and lumbar
spine hyperlordosis.

The lack of information in the literature on the
state of sagittal vertebral-pelvic ratios in children
with dysplastic instability of the hip joints after
a triple pelvic osteotomy precludes the possibility
of a comparative analysis of our data. At the same
time, it should be noted that excessive pelvis
anteversion (increased SS) and lumbar spine

hyperlordosis after restoration of hip joint stability
was preserved only in the control group, which was
a cardinal difference from the results of the study
group. These disorders, according to the literature,
are a direct prerequisite for the early development
of degenerative-dystrophic changes in the posterior
supporting complex or spondylolisthesis [25, 26].
Thus, the improved surgical technique for the triple
pelvic osteotomy significantly improved the sagittal
vertebral-pelvic ratios and eliminated lumbar spine
hyperlordosis. Considering the literature on the state
of sagittal vertebral-pelvic ratios in healthy children
and adults [13, 14] and the significance of the only
anatomical index, the PI index, we conclude that
the improved technique of pelvic osteotomy directly
reduces the PI value.

Actively developing 3D-modeling and
prototyping technologies allows us to expand
the use of personalized navigation patterns.
The overwhelming majority of authors report
a significant increase in the accuracy of surgical
interventions that improve the results of treatment
of children with various orthopedic pathologies
[27, 28]. The literature contains anecdotal
information on the use of navigation patterns
when performing periacetabular pelvic osteotomy
(cadaver study) and in the surgical treatment
of posterior pelvic column fractures [29, 30].
Personalized navigation patterns make it possible
to perform an exact multiplane correction of the
acetabulum position when performing an improved
triple pelvic osteotomy. This correction is confirmed
by the data from radiological examinations.
In addition to achieving an adequate correction

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7.

Issue 2. 2019



ORIGINAL PAPERS

13

of the dysplastic acetabular position and stability
of the hip joint, triple pelvic osteotomy provided
significant changes in the sagittal vertebral-pelvic
ratios (p < 0.05) in the form of a decrease in the
values of the anatomical PI index and, consequently,
the SS index in the patients from the study group
who received surgical treatment using the improved
method. This method created the conditions for
a reduction in excessive pelvis anteversion. Given
the sacrum inclination angle strongly correlated
with the radiological indices of the lumbar spine in
all the patients from the study group, the indicators
of these patients approached the average statistical
normal values for this age [31]. As a result of
the surgical intervention, X-ray values for the
sagittal vertebral-pelvic ratios began to correspond
to types II-III of vertical posture according to
P. Roussoly’s classification (2003). These values are
considered to comprise a harmonious profile and
to provide the conditions for the prevention of
early development of lumbar spine osteochondrosis
in this category of patients.

Conclusion

The improved technique of reorienting triple
pelvic osteotomy using personalized navigation
patterns allows for a highly accurate multiplane
acetabulum correction, which ensures not only the
reconstruction of the acetabular component and
the stability of the hip joint, but also the restoration
of the sagittal profile of the spine (p < 0.05) with
the formation of a harmonious vertical posture.
The results of our study indicate the need to
include a specialized in-depth X-ray examination
of children with dysplastic hip subluxation in
preoperative planning to assess the state of sagittal
pelvic balance.
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