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Background. The choice of pelvic reconstruction technique in children with developmental dysplasia of the hip
(DDH) has been the subject of discussion for many years and is often determined by personal preferences of a
surgeon rather than by X-ray anatomical state of the acetabulum. The variants of its anatomy structure have
still not been reflected in the available scientific literature.

Aim of the study — to identify the most typical variants of acetabular deformation in children with varying
severity of DDH, based on the X-ray anatomical analysis of structure of the acetabulum.

Methods. The study was based on the results of examination of 200 patients (200 hip joints) aged 2 to 4
years (3.1£0.45) with Tonnis grade II-IV DDH. All patients underwent conventional clinical and radiological
examination. The latter consisted of hip radiography in several views and computed tomography. We took the
values of acetabular index, the extent of acetabulum arch and the presence or the absence of bone oriel as
criteria for determination of the most typical variants of acetabular deformation.

Results. X-ray analysis of anatomical structure of the acetabulum in young children with varying severity
of DDH revealed 3 most common variants of acetabular deformity: 1 — moderate underdevelopment of the
acetabulum arch (AI<35°), its shortening and the presence of bone oriel; 2 — pronounced underdevelopment of
the acetabulum arch (AI >35°), its shortening and the presence of bone oriel; 3 — pronounced underdevelopment
of the acetabulum arch (Al >35°), its sufficient length and the absence of bone oriel.

Conclusion. Suggested supplements to existing Tonnis DDH classification might become basic for choosing the
surgical correction technique of the acetabulum in children with different severity of DDH.
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AKmyanbHocme. Bpi60p MeTOOMKM PEKOHCTPYKIMM Tas3a y JeTeil ¢ OucIuiasueii Ta306epeHHOTo CyCcTaBa
OCTaeTcsl MpegMeTOM IMCKYCCUIi Ha MPOTSKEeHUM MHOTMX JIeT M 4aCTO 3aBUCUT OT JIMUHBIX MMpeAroYTeHn
XUpYpra, a He OT peHTreHOAHATOMMYECKOTO COCTOSIHMS BePTAYKHOV BIIaAMHbI, BApMAHThI CTPOEHMSI KOTOPO1
He OTpaXeHbl B HAYYHOI1 TUTepaType.

Ilenv uccnedoseamus — Ha OCHOBAHMM PEHTTEHOAHATOMMUYECKOTO aHAAM3a CTPOEHMSI BePTIYsKHOM BIaAVHBI
BBISIBUTH HanboJiee pacpocTpaHeHHbIe BAPMAHTHI ee TedopMaliuy y AeTeii C pasanyHOi CTeIeHbI0 TSDKeCTU
IUCILIa3UM Ta300eIpeHHBIX CYCTaBOB.

Mamepuan u memodsl. VicciiemoBaHue OCHOBaHO Ha pesyiabraTax obciaemoBanus 200 namuenToB (200 Tazo-
O6egpeHHBIX CyCTaBOB) B Bo3pacTte oT 2 1o 4 net (3,10+0,45) ¢ mucruiasueit TazobeqpeHHbIX cycraBoB II-1V
cT. 1o kinaccudukanuu D. Tonnis. Bcem maiueHTam mpoBOaWIM KIMHUYECKOe U JTyUyeBOe MCCieloBaHMe T10
001IenpPUHATON MeToayKe. JlyueBoe uccaeq0BaHMe 3aK/I0YaI0Ch B BbITIOJIHEHUY peHTreHorpaduu Tasobe-
IPeHHBIX CYCTAaBOB B HECKOJNbKMX IMPOEKIMIX ¥ KOMITbIOTepHOI Tomorpaduu. B kauecTBe KpuTepues s
ompezeneHus: Haubosee TUMIMYHBIX BAPUAHTOB Aedopmanuyyu BepTIYKHOM BIaAVHBI HAMM ObLIM BbIOGpPAHbI
3HauUeHUs aleTaby/IsIpHOTO MHAEKCA, BeIMYMHA MPOTSIKEHHOCTM CBOJA BEePTIY)KHOI BHAAMHBI M HAIMYMeE
WJIX OTCYTCTBYME KOCTHOTO 3pKepa.

Pesynvmamui. PeHTTeHOMeTPUYECKUI aHa/IN3 COCTOSIHMSI BEPTIY)KHOI BIIaAVHbI Y AeTeil Maaguiero Bo3pacra
C pa3/INYHOI CTeTIeHbIO TSKeCTH OUCIIIa3UM Ta300eIpeHHbIX CYCTaBOB MMOKAa3aJl HAIMUMe Tpex Haubosiee 4acTo
BCTpEYAIOIIMXCSl BAPMAHTOB AedopMalyuy BepTIyKHOI BIIAOMHbBI: BAPUAHT 1 — yMepeHHO BbIpa)keHHOe He-
JIIOpasBUTHE CBOJA BEPTIYKHON BraguHbl (A< 35°), ero yKopoyeHue ¥ HaJIM4ye KOCTHOTO 3pKepa; BapMaHT
2 — BbIpakeHHOe HeJJ0pa3BUTHMe CBOJA BEPTIY>KHOI BIiaguHbl (AU >35°), ero ykopoueHue 1 Haau4ye KOCTHOTO
9pKepa; BapuMaHT 3 — BhIpasKEHHOE HeIopa3sBUTME CBOAA BEPTIYKHOI BraauHbl (AV>35°), ero mocraTouHas
MPOTSDKEHHOCTh M OTCYTCTBME KOCTHOTO 3pKepa.

3axmouenue. [penoxkeHHbIe JOTIOTHEHNS K MMeOIeiics KiaccuduKauum Iucriasmmu Ta3obeqpeHHbIX CyC-
TaBOB, pa3paboraHHoii D. TOnnis, MOryT CTaTh OCHOBOJ aJIrTOPUTMa BbIOOpa METOAVKYU XUPYPrUUeCcKoil Kop-
peKILIMYM BepTIY>KHO BIAAVHBI y IeTell C pa3JIMUHOM CTeTIeHbIO TSDKeCTU TUCIIa3MK Ta300eIpeHHOTO CyCTaBa.

KiroueBblie C10Ba: M1CIUIa31s Ta306eAPeHHOT0 CYCTaBa, AeTH, fedopmalis BepTaysKHOM BIIaaMHbI, OCTEOTO-
MM Tasa.
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BACKGROUND

According to many authors, dysplasia of the hip
is one of the most common pediatric orthope-
dic diseases with the incidence rate of 3-4 to 50
cases per 1000 newborns. A severe degree of hip
dysplasia characterized by prominent anatomic
changes developed ante- and postnatally still
plays one of the leading roles among all congeni-
tal musculoskeletal disorders [1, 2, 3, 4].

Impossibility of ultrasonic screening exami-
nation, as well as its improper interpretation
and indiscriminate application of conservative
therapy methods force to perform surgical stabi-
lization of the joint in order to restore correct re-
lations between pelvic and femoral components
during reconstructive surgeries. The Tonnis clas-
sification of hip dysplasia and its modification,
the International Hip Dysplasia Institute (IHDI),
are used to verify the disorders of intraarticular
relations in the hip joint before starting the sur-
gical treatment [5, 6]. Many Russian and foreign
authors proved the efficacy of the surgeries on
pelvic components, such as Salter innominate
osteotomy of the pelvis, Pemberton pericapsular
osteotomy, Dega’s acetabuloplasty and combined
Salter-Pemberton pelvic osteotomy, described by
P.C. Perlik [7, 8,9, 10, 11, 12, 13].

The choice of pelvic reconstruction technique
has been the subject of discussion for many years
and is often determined by the surgeon's quali-
fication and experience, as well as his personal
preference for one or another technique, rather
than by the radiological and anatomical condi-
tions of the acetabulum, whose structural vari-
ants have not been found in the available scientif-
ic literature. Besides, the available classifications
of hip dysplasia reveal only the degree of femoral
head dislocation. Said facts necessitate more de-
tailed study of radiological and anatomical con-
ditions of the acetabulum in order to identify its
most typical deformities. In our opinion, these
pathologic changes will determine the choice of
the reconstruction technique of the acetabulum.

Aim of the study. Basing on the X-ray anatomy
of the acetabulum, to identify the most frequent
types of its deformity in children aged 2 to 4 years
with varying severity of hip dysplasia.

METHODS

Study design: monocenter cohort retrospective.

Inclusion criteria:

— age 2-4 years;

— presence of Tonnis grade II-IV unilateral
hip dysplasia [5];

- absence of any signs of dysplastic changes
in the contralateral joint;

— absence of any prior surgeries on the pelvic
component of the joint;

- no neurological diseases;

- no genetic or systemic skeleton diseases;

- consent of the patient's legal representa-
tives to participate in the study.

Exclusion criteria:

— age under 2 years and over 4 years;
presence of bilateral hip dysplasia;
prior hip surgeries;
neurological, systemic or genetic diseases;
refusal to fill out the informed consent to
participate in the study.

The study included 200 patients (200 hip
joints) aged 2 to 4 years (3.10+0.45) with Tonnis
grade II-IV hip dysplasia who were admitted to
the hospital for the following surgical treatment
between 2016 and 2021. All patients underwent
the standard clinical examination typical for
this orthopedic pathology, hip X-rays in AP and
Lauenstein views, in position of abduction and
internal rotation of the lower extremities, as well
as computed tomography.

We selected the following criteria to determine
the most common types of acetabular deformity:

- acetabular index (AI) — the angle formed
by the line connecting both Y-shaped cartilages
(Hilgenreiner line) and the tangent line to the
acetabular arch;

- length of the acetabular arch — the distance
from the inferomedial to its superolateral point
(to the Ombredanne-Perkins line);

- bony prominence — the presence or absence
of a step-like transition of the upper edge of the
acetabulum into the iliac wing.

In order to objectify the data, the above-men-
tioned criteria were calculated using both X-rays
and CT slice in the middle of the acetabulum
(Figs. 1, 2).
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Statistical analysis

Statistical analysis was performed using SPSS
Statistic v.26 software (IBM, USA). Arithmetical
mean (M), standard deviation (SD), median (Me)
with quartiles (25-75%) were calculated. Within
groups, the data obtained were analyzed using
Wilcoxon criterion. Correlation analysis (Pearson
criterion) was performed, and the strength of
correlation was assessed as follows: 0.01<p<0.29

— weak correlation; 0.30<p<0.69 — moderate
correlation; 0.70<p<1.00 — strong correlation.
The coefficient value determined the presence
of a positive or negative correlation. Regression
analysis in the form of paired linear and quad-
ratic regression models was performed to assess
the degree and the variant of the influence of one
attribute on another. Sample proportion was es-
timated using the coefficient of multiple deter-
mination (R?).

Fig. 1. Determination in patients with Tonnis grade II DDH based on X-ray and CT results:
a, d — acetabular index;
b, e — extent of acetabulum arch (Ilength of the sclerosis zone);
¢, f — presence of bone oriel (indicated by black arrow)

8 2023;29(1)
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Fig. 2. Determination in patients with Tonnis grade IV DDH based on X-ray and CT results:
a, d — acetabular index; b, e — length of acetabulum arch;
¢, f — absence of bone oriel (indicated by black arrow)

RESULTS

Legal representatives of the patients complained
of lameness in children on admission to the
hospital. The relative shortening of the lower
extremity was 1.7#0.5 cm. Goniometry changes
were typical for hip dysplasia in form of abduc-
tion restrictions and excessive rotational move-
ments on the side of the lesion.

Results of performed radiometry according to
the above-mentioned X-ray anatomy criteria of
the acetabulum in patients with various severity
of dysplasia are presented in Table 1.

Basing on the Table 1 data, it can be conclud-
ed that there was the marked underdevelopment
and shortening of the acetabular arch in the
overall cohort of patients. It should be noted that
by shortening of the arch we mean a situation in
which the difference in measurement compared
to the contralateral joint is at least 25% of the
individual norm. Moreover, 1/3 of patients had
bony prominence - the transition of the acetabu-

lar arch into the iliac wing, which was represent-
ed by the bone edge rounded downwards. The
correlation analysis between the Al values and
the length of the acetabular arch, measured on
X-ray and CT scans, showed a strong positive cor-
relation which was r = 0.96 and 0.98, respectively.

Regression analysis showed that the coeffi-
cient of determination (R?) for the correlation of
Al and acetabular arch length measured on X-ray
and CT scans was 0.93 and 0.96, respectively. It
had no significant differences between the linear
and quadratic models, which brought the studied
attributes closer to the linear regression (Fig. 3).
Approximation is considered very good, because
more than 90% of sample can be substantiate by
the regression formula. Thus, reliable radiome-
try of such parameters of the acetabular anatomy
as Al and the length of the acetabular arch can
be adequately performed without the use of CT,
which will significantly reduce the radiation dose
to the child.
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Table 1

Values of acetabular deformity in patients with varying severity of hip dysplasia

Patients with hip dysplasia

Contralateral joint

Parameter

M=SD (min-max)
Me (25-75%)

M=SD (min-max)
Me (25-75%)

Al according to X-ray, deg.

Al according to CT, deg.

Arch length according to X-ray, mm

Arch length according to CT, mm

Bony prominence:
— present
— absent

40.6+5.0 (31.0-51.0)
41.0 (37.0-44.0)

39.944.9 (30.0-52.0)
41.0 (36.0-43.0)

14.1%3.5 (10.0-22.1)
13.2 (11.3-16.7)

13.8+3.4 (10.0-21.7)
13.0 (10.9-16.2)

37%
63%

20.6%2.0 (15.0-24.0)
20.5 (19.0-22.8)

20.5%2.0 (14.0-23.0)
20.3 (19.0-22.5)

19.32.6 (14.3-24.3)
19.4 (17.2-21.4)

19.1%2.3 (13.9-24.1)
18.8 (16.7-21.1)

100%

Al Rg

40,00

"30,00 3500 40,00 4500 50,00 5500

@ AICT

® Observations

= Linear regression

Length Rg

22,00

20,00

18,00

16,00

14,00

1200 o °

10,00 -
10,00 12,00 14,00 16,00 18,00 20,00 22,00

@ Length CT

—+ Quadratic regression

Fig. 3. Results of regression analysis reflecting the correlation between:

a — values of Al measured in X-rays and CT scans;

b — values of acetabulum arch length measured in X-rays and CT scans

Patients were divided into two groups depend-
ing on the severity of dysplastic instability of the
hip in order to study possible variants of acetab-
ular deformity in more details. The first group
enrolled 90 patients (90 hip joints) with grade II
dysplasia, i.e., hip subluxation. The second group
included 110 patients (110 hip joints) with grade
III-1V dysplasia, i.e., hip dislocation.

Table 2 shows the results of radiometric anal-
ysis performed in patients with hip subluxation.

Analysis of the X-ray anatomy of the acetab-
ulum in children with hip subluxation (Tonnis
grade II) showed that 44% of patients (40 hip
joints) had a distinct bony prominence, Al val-
ues did not exceed 35°, and the acetabular arch
shortening was 25% or more compared to the

10 2023;29(1)
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healthy joint. In 56% of cases (50 hip joints),
the bony prominence was not detected, Al was
greater than 35° and was not accompanied by the
shortening of the acetabular arch. Correlation
and regression analysis showed strong positive
correlation (r = 0.66) between Al and the length

of the acetabular arch. Coefficient of determina-
tion was 0.44 with approximation value of 44%
(Fig. 4).

The results of the radiometric analysis of the
above-mentioned parameters in patients with
hip dislocation are presented in Table 3.

Table 2

Values of acetabular deformity in children with Tonnis grade II hip dysplasia

Parameter

Me (25-75%)

Patients of Group I
M#SD (min-max)

Contralateral joint
M#SD (min-max)
Me (25-75%)

Al according to X-ray, deg.

Arch length according to X-ray, mm

Bony prominence:
— present
— absent

40.0 (35.0-42.0)

16%3 (10.0-22.1)
15.7 (14.3-18.2)

44%
56%

39.245.2 (31.0-50.0)

20.6%2.0 (15.0-24.0)
20.5 (19.0-22.8)

19.242.6 (14.3-24.1)
19.3 (14.3-21.4)

100%

Al

50,00

45,00

40,00

10,00 12,00 14,00 16,00

Length

® Observations — Linear

regression

18,00

20,00 2200

=+ Quadratic

regression

Fig. 4. Results of regression analysis reflecting
the correlation between Al values and acetabulum
arch length in children with hip subluxation

Table 3

Values of acetabular deformity in children with Ténnis grade III-IV hip dysplasia

Parameter

Patients of Group II
M=SD
Me (25-75%)

Contralateral joint
M=SD
Me (25-75%)

AT according to X-ray, deg.

Arch length, mm

Bony prominence:
- present
— absent

39.045.3 (31.0-51.0)
39.0 (35.0-43.0)

15.3+3.0 (10.0-22.1)
15.1 (13.1-17.7)

51.8%
48.2%

20.6%2.0 (15.0-24.0)
20.5 (19.0-22.8)

19.242.6 (14.3-24.1)
19.3 (14.3-21.4)

100%
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Analysis of the X-ray anatomy of the acetab-
ulum in children with hip dislocation (Tonnis
grade III-IV) showed that 51.8% of patients
(57 hip joints) had bony prominence. In 38 pa-
tients (34.5%) Al values did not exceed 35° and
the ace-tabular arch shortening was detected. Al
values in 19 patients (17.3%) were more than 35°
in association with the acetabular arch shorten-
ing compared to the contralateral joint. In 48.2%
of cases (53 hip joints) the transition of the ace-
tabulum into the iliac wing was not detected,
Al values did not exceed 35° and the acetabular
arch was extended. Correlation and regression
analysis showed moderate positive correlation
(r = 0.4) between Al and the length of the aceta-
bular arch. Coefficient of determination was 0.16
with approximation value of 16% (Fig. 5).

Al

50,00

45,00

40,00

3500

10,00 12,00 14,00 16,00 1800 20,00 22,00
Length

— Linear
regression

® Observations =+ Quadratic

regression

Fig. 5. Results of regression analysis reflecting
the correlation between Al and acetabulum arch
length in children with hip dislocation

Low coefficient of determination indicates
rather large variability of possible acetabular de-
formities in children with hip dislocation.

Thus, basing on the studied X-ray anatomy
of the acetabulum, as well as on the correlation
and regression analysis, we can distinguish three
most common types of acetabular deformity in
case of hip dysplasia in young children.

1. Moderate underdevelopment of the acetab-
ular arch with Al values < 35°, shortening of the
acetabular arch, and the presence of bony promi-
nence. This type occurred in 44% of cases of hip

subluxation and in 34.5% of cases of dislocation.

2. Marked underdevelopment of the acetabu-
lar arch with Al values >35°, extended acetabular
arch and the absence of bony prominence. This
type was found in 56% of cases of hip subluxation
and in 48.2% of cases of dislocation

3. Marked underdevelopment of the acetab-
ular arch with AI values >35°, shortening of
the acetabular arch and the presence of bony
prominence. This type of deformity occurred in
17.3% of observations only in children with hip
dislocation.

DISCUSSION

Severity of this pathology, as well as inaccurate
diagnostics and conservative treatment of chil-
dren with varying severity of hip dysplasia inevi-
tably lead to the need of various surgical inter-
ventions performed to restore correct relations
in the hip joint and to provide conditions for its
correct development and remodeling as the child
grows [14, 15, 16, 17].

Nowadays, the verification of diagnosis and
determination of severity of the hip deformation
in children over 1 year represent no difficulties
[5, 6, 18]. At the same time, the overwhelming
majority of orthopedic surgeons, when planning
a surgery, perform an X-ray assessment of severi-
ty of the acetabular arch underdevelopment with
the use of Al values, deformity of the proximal
femur, as well as the severity of the femoral head
dislocation in relation to the acetabulum by inte-
gral indicators and available international classi-
fications [19, 20, 21, 22, 23]. It should be pointed
out that the latter reflect only the character of in-
correct relations in the hip without the detailed
verification of possible types of deformities of
the pelvic and femoral components of the joint.
This sufficiently limits the perception of patho-
logic disorders in the affected joint and makes
it possible to decide only upon the necessity of
arthrotomy followed by intraarticular manipula-
tions. Nowadays, the choice of pelvic osteotomy
technique depends on the surgeon, his experi-
ence and preferences, since the available scien-
tific data show the high efficacy of techniques
applied in the international orthopedic practice
for surgical correction of dysplastic acetabulum
both in the mid-term and long-term follow-up
period [24, 25, 26, 27]. Russian scientists devel-
oped the working classification of hip dysplasia.

12 2023;29(1)
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Thus, I.F. Akhtyamov and O.A. Sokolovskii distin-
guish two types of dysplasia — femoral and pelvic
[28]. V.D. Makushin and M.P. Teplen'kii developed
more detailed classification of hip dysplasia based
on two variants of pathological state — stable and
unstable. Both of them are subdivided into femo-
ral, acetabular and mixed forms, while the unsta-
ble type is also characterized by the direction of
the femoral head dislocation in relation to the ac-
etabulum [29]. Both classifications are intended to
define a methodological approach when choosing
the way of correction of the pelvic, femoral, or both
components of the joint. In our opinion, the main

I (intact hip joint)

Il = 1 (hip subluxation with Al€35°,
shortened acetabulum arch and
presence of bone oriel)

Il = 2 (hip subluxation with Al>35°,
extended acetabulum arch and
absence of bone oriel)

disadvantage of these classifications is the lack of
characteristics of the acetabular deformity types.
Nowadays, there is a sonographic classification
of hip dysplasia in children in the first year of life
developed by R. Graf which reflects both hip joint
relations and types of deformity of the acetabular
structures [30]. This classification prompted us to
perform this study.

In our opinion, basing on the most frequent
types of acetabular deformities in children with
Tonnis grade II-1V hip dysplasia verified during the
present study, it is reasonable to include them in
the existing classification, presented in Figure 6.

Il = 1 (marginal hip dislocation
with Al€35°, shortened
acetabulum arch and presence
of bone oriel)

Il = 2 (marginal hip dislocation
with Al>35°, extended
acetabulum arch and absence
of bone oriel)

Il = 3 (marginal hip dislocation
with Al>35°, shortened
acetabulum arch and presence
of bone oriel)

IV — 1 (supra-acetabular
hip dislocation with Al<€35°,
shortened acetabulum arch
and presence of bone oriel)
IV — 2 (supra-acetabular
hip dislocation with Al>35°,
extended acetabulum arch
and absence of bone oriel)
IV — 3 (supra-acetabular
hip dislocation with Al>35°,
shortened acetabulum arch
and presence of bone oriel)

Fig. 6. Supplemented Tonnis classification of hip dysplasia severity

CONCLUSION

Performed radiological and anatomical analysis
of the acetabulum in young children with vary-
ing severity of hip dysplasia, based on the study
of severity of underdevelopment of the acetabu-
lar arch, its length, as well as the presence or ab-
sence of bony prominence, revealed three most
common types of acetabular deformity, which are
characterized by: 1 — moderate underdevelop-
ment of the acetabular arch (Al < 35°), its short-

ening and the presence of bony prominence;
2 — severe underdevelopment of the acetabular
arch (AI>35°), its sufficient length and the ab-
sence of bony prominence; 3 — severe underde-
velopment of the acetabular arch (AI>35°), its
shortening and the presence of bony prominence.

In our opinion, the proposed additions to the
existing classification of hip dysplasia developed
by D. Tonnis can become the basis for an algo-
rithm of technique selection for surgical correc-
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tion of the acetabulum in children with varying
severity of hip dysplasia, which is a priority for
our further study.

DISCLAIMERS

Author contribution

Pavel I. Bortulev — conception and design of the
study, collection and processing of material, data
statistical processing, literature review, writing
the draft.

Tamila V. Baskaeva — collection and processing
of material, text editing.
Sergei V. Vissarionov — text editing.

Dmitriy B. Barsukov — collection and processing
of material, text editing.

Ivan Yu. Pozdnikin — collection and processing
of material, text editing.

Makhmud S. Poznovich — collection and process-
ing of material, text editing.

All authors have read and approved the final ver-
sion of the manuscript of the article. All authors
agree to bear responsibility for all aspects of the
study to ensure proper consideration and resolu-
tion of all possible issues related to the correct-
ness and reliability of any part of the work.

Funding source. State budgetary funding.

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

Ethics approval. Not applicable.

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

REFERENCES

1. Kotlarsky P., Haber R., Bialik V., Eidelman M.
Developmental dysplasia of the hip: What has
changed in the last 20 years? World J Orthop.
2015;6(11):886-901. doi: 10.5312/wjo.v6.i11.886.

2. Custovi¢ S., Sadi¢ S., Vujadinovi¢ A., Hrusti¢ A.,
Jasarevi¢ M., Custovi¢ A. et al. The predictive
value of the clinical sign of limited hip abduc-
tion for developmental dysplasia of the hip
(DDH). Med Glas (Zenica). 2018;15(2):174-178.
doi: 10.17392/954-18.

3. Dezateux C., Rosendahl K. Developmental dyspla-
sia of the hip. Lancet. 2007;369(9572):1541-1552.
doi: 10.1016/50140-6736(07)60710-7.

4. Roof A.C., Jinguji T.M., White K.K. Musculoskeletal
screening: developmental dysplasia of
the hip. Pediatr Ann. 2013;42(11):229-235.
doi: 10.3928/00904481-20131022-10.

5. Tonnis D. Congenital dysplasia and dislocation of
the hip in children and adults. Berlin, Heidelberg:
Springer-Verlag; 1987. p. 80-83.

6. Ramo B.A., De La Rocha A., Sucato D.]., Jo C.H.
A New Radiographic Classification System for
Developmental Hip Dysplasia is Reliable and
Predictive of Successful Closed Reduction and Late
Pelvic Osteotomy. J Pediatr Orthop. 2018;38(1):
16-21. doi: 10.1097/BP0.0000000000000733.

7. Kamosko M.M., Grigor’ev LV. Pelvic Psteotomies

at Treatment of Dysplastic Hip Pathology.
N.N. Priorov Journal of Traumatology and

Orthopedics.  2010;17(1):90-93. (In  Russ).
doi: 10.17816/vt0201017190-93.

8. Pekmezci M., Yazici M. [Salter os-
teotomy: an overview]. Acta Orthop
Traumatol — Turc. 2007;41 Suppl 1:37-46.
(In Turkish).

9. Huang S.C., Wang T.M., Wu KW., Fang C.F.,
Kuo K.N. Pemberton Osteotomy for Acetabular
Dysplasia. /BJS Essent Surg Tech. 2011;1(1):e2.
doi: 10.2106/JBJS.ST.K.00003.

10.Wozniak L., Idzior M., Joézwiak M. Dega
Transiliac Pelvic Osteotomy: the History
of Surgical Technique Development. Ortop
Traumatol Rehabil. 2020;22(6):455-464.

doi: 10.5604/01.3001.0014.6057.

11.Perlik P.C., Westin G.W., Marafioti R.L. A combina-
tion pelvic osteotomy for acetabular dysplasia in
children. J Bone Joint Surg Am. 1985;67(6):842-850.

12.Bursali A., Tonbul M. How are outcomes affected
by combining the Pemberton and Salter osteoto-
mies? Clin Orthop Relat Res. 2008;466(4):837-846.
doi: 10.1007/s11999-008-0153-3.

13.Agarwal A., Rastogi P. Clinicoradiological out-
comes following pembersal acetabular osteoto-
my for developmental dysplasia of hip in young
children: A series of 16 cases followed minimum
2 vyears. J Clin Orthop Trauma. 2021;23:101669.
doi: 10.1016/j.jcot.2021.101669.

14.Pozdnikin I.Yu., Baskov V.E., Voloshin S.Yu.,
Barsukov D.B., Krasnov A.I., Poznovich M.S. et al.
Errors of diagnosis and the initiation of conserva-
tive treatment in children with congenital hip
dislocation. Pediatric Traumatology, Orthopaedics
and Reconstructive Surgery. 2017;5(2):42-51.
(In Russ). doi: 10.17816/PTORS5242-51.

14 2023;29(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

15.Aydin A., Kalali F., Yildiz V., Ezirmik N., Aydin P.,
Dostbil A. The results of Pemberton’s pericapsu-
lar osteotomy in patients with developmental hip
dysplasia. Acta Orthop Traumatol Turc. 2012;46(1):
35-41. doi: 10.3944/a0tt.2012.2613.

16.Malvitz T.A., Weinstein S.L. Closed reduction for
congenital dysplasia of the hip. Functional and
radiographic results after an average of thirty
years. ] Bone Joint Surg Am. 1994;76(12):1777-1792.
doi: 10.2106/00004623-199412000-00004.

17.Baskov V.E., Kamosko M.M., Barsukov D.B.,
Pozdnikin LY., Kozhevnikov V.V., Grigoriev LV. et
al. Transposition of the acetabulum after iliac is-
chial osteotomy in the treatment of hip dysplasia
in infants. Pediatric Traumatology, Orthopaedics
and  Reconstructive  Surgery. 2016;(2)4:5-11.
(In Russ). doi: 10.17816/PTORS425-11.

18.Tikhilov R.M., Shubnyakov I.I., Pliev D.G.,
Bogopolsky 0O.Y., Guatsaev M.S. Roentgenography

Potentialities for Early Diagnosis of Hip
Pathologies. Traumatology and Orthopedics
of Russia. 2017;23(1):117-131. (In  Russ).

doi: 10.21823/2311-2017-23-1-117-131.

19.Czubak J., Kowalik K., Kawalec A., Kwiatkowska M.
Dega pelvic osteotomy: indications, results and
complications. J Child Orthop. 2018;12(4):342-348.
doi: 10.1302/1863-2548.12.180091.

20.Badrinath R., Bomar ].D., Wenger D.R., Mubarak
S.J., Upasani V.V. Comparing the Pemberton
osteotomy and modified San Diego acetabu-
loplasty in developmental dysplasia of the
hip. J Child Orthop. 2019;13(2):172-179.
doi: 10.1302/1863-2548.13.190004.

21.Balioglu M.B., Oner A., Aykut U.S., Kaygusuz M.A.
Mid term results of Pemberton pericapsular os-
teotomy. Indian | Orthop. 2015;49(4):418-424.
doi: 10.4103/0019-5413.159627.

22.Dello Russo B., Candia Tapia ].G. Comparison
Results between Patients with Developmental
Hip Dysplasia Treated with Either Salter
or Pemberton Osteotomyy. Ortho  Res
Online  J. 1(4). OPROJ.000519. 2017.
doi: 10.31031/0PR0OJ.2017.01.000519. Available
from: https://crimsonpublishers.com/oproj/full-
text/OPROJ.000519.php.

23.Bortulev P.I., Baskaeva T.V., Vissarionov S.V.,
Barsukov D.B., Pozdnikin LY., Kozhevnikov V.V.
Salter vs Pemberton: Comparative Radiologic
Analysis of Changes in the Acetabulum and
Pelvis After Surgical Correction in Children with
Hip Dysplasia. Traumatology and Orthopedics
of  Russia. 2022;28(2):27-37. (In  Russ).
doi: 10.17816/2311-2905-1748.

24.Merckaert S.R., Zambelli P.Y., Edd S.N., Daniele S.,
Brigitte J. Mid- and long-term outcome of Salter’s,
Pemberton’s and Dega’s osteotomy for treatment
of developmental dysplasia of the hip: a system-
atic review and meta-analysis. Hip Int. 2021;31(4):
444-455. doi: 10.1177/1120700020942866.

25.Gharanizadeh K., Bagherifard A., Abolghase-
mian M., Ahmadizadeh H., Vaziri Kordkandi Sh.,
Bayat Sh. Comparison of Pemberton Osteotomy
and Kalamchi Modification of Salter Osteotomy
in the Treatment of Developmental Dysplasia
of the Hip. J Res Orthop Sci. 2020;7(4):169-174.

26.Ertiirk C., Altay M.A., Isikan U.E. A radiologi-
cal comparison of Salter and Pemberton os-
teotomies to improve acetabular deforma-
tions in developmental dysplasia of the
hip. J Pediatr Orthop B. 2013;22(6):527-532.
doi: 10.1097/BPB.0b013e32836337cd.

27.Wang CW., Wang T.M., Wu K.W., Huang S.C.,
Kuo K.N. The comparative, long-term effect of
the Salter osteotomy and Pemberton acetabulo-
plasty on pelvic height, scoliosis and functional
outcome. Bone Joint J. 2016;98-B(8):1145-1150.
doi: 10.1302/0301-620X.98B8.37215.

28.Akhtyamov L.F., Sokolovsky 0O.A. Surgical
Treatment of Hip Dysplasia. Kazan; 2008. 371 p.
(In Russ).

29.Makushin V.D., Tyoplenky M.P. Roentgenological
classification of the hip congenital dyspla-
sia.  Orthopaedic  Genius. 2010;(2):103-108.
(In Russ).

30.Graf R. Hip sonography: background; technique
and common mistakes; results; debate and poli-
tics; challenges. Hip Int. 2017;27(3):215-219.
doi: 10.5301/hipint.5000514.

Authors’ information
&< 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

15 2023;29(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Tamila V. Baskaeva
https://orcid.org/0000-0001-9865-2434
e-mail: tamila-baskaeva@mail.ru
Sergei V. Vissarionov — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0003-4235-5048
e-mail: vissarionovs@gmail.com
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

16 2023;29(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



