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Background. The value of joint-sparing reconstructive procedures in patients with osteoarthritis in a dysplastic hip is
controversial.

The study aimed to evaluate the immediate and mid-term results of reconstructive interventions performed in patients with
this pathology.

Methods. The treatment results of 30 patients aged 14-40 years with osteoarthritis in the dysplastic hip were analyzed. The
mean follow-up time was 6.8+1.5 years in group 1 and 4.1+0.7 years in group 2. The clinical condition and treatment results
were assessed by D’Aubigne-Postel, Severin, Tonnis criteria, and the Ilizarov Center system. In all cases, extra-articular
reconstructive procedures were performed on both articular components.

Results. The patients were divided into two groups by age. In group 1 (14-18 years), the functional result was
16.0+0.5 points. According to the Severin criteria, the joints were distributed as follows: Ia, 7; Ila, 7; IIb, 2; and III, 3.
The degree of hip osteoarthritis did not change in 13 joints. Osteoarthritis progressed in one joint, and arthritic changes
regressed in four joints. The treatment results according to the criteria of the RSC VTO were good in 14 joints, satisfactory
in 5, and unsatisfactory in 1. In group 2 (>18 years, n = 11), the functional result was 15.0£0.4 points. The distribution
of joints according to the Severin criteria was as follows: Ia, 3; IIa, 6, and III, 2. The degree of osteoarthritis did not change
in 10 joints. Osteoarthritis progressed in one joint. The treatment results according to the criteria of the Ilizarov Center
were good in seven joints, satisfactory in three, and unsatisfactory in one.

Conclusions. The differentiated use of joint-sparing reconstructive procedures makes it possible to slow down the
progression of the pathological process in the joint even in patients with developed osteoarthritis and, in some cases, to
use them as a temporary alternative to endoprosthesis in adolescents and young adults.
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PeKOHCTpyKLMA Ta306eApeHHOro CycTaBa y MOJIOAbIX NaLMEHTOB
C AUCNNACTUYECKMM KOKCApTPO30OM

M.II. Ténnenbknii, E.B. Oneitnukos, B.C. byHos, [I.T. ®031u10B

QOI'BY «HayuoHansHulli MeOUYUHCKULL ucciedosamenscKuli yeHmp mpasmamosnozuu u opmoneouu
um. axkad. I A. Unuzapoea» Mun3dpasa Poccuu
2. KypeaHn, Poccus

AKmyaJleocmb. 3HaueHMe Cy'CTaBOC6epeI'alOH.U/IX PEKOHCTPYKTMBHBIX BMENIATE/IbCTB Yy IIAIMEHTOB C PAa3BUBIIMMCH
JAUCIVIACTUYECKMM KOKCApTPO30M OCTaeTCsa ,EU/[CKyTa6€]'[beIM. 1lenw uccnedoeaHus — OIl€HKa GmKaANIINX U cpeomHeCpoY-
HBIX PE€3YyJIbTATOB PEKOHCTPYKTMBHbIX BMEMIATE/IbCTB, BBINTOJTHEHHBIX Y ITALIMEHTOB C AUCIVIACTUYECKMM KOKCaApTPO30OM.

Mamepuan u memodst. [IpoaHaMM3UPOBAHbI Pe3yIbTAThl JeueHuss 30 MaIMEeHTOB C AUCIUIACTUYECKMM KOKCapTPO30M
B Bo3pacte oT 14 mo 40 sert. ITanueHThl GbIIM pasfesieHbl Ha [IBe IPYINbl. B MmepByio rpymmy BOIumM 19 mainueHTOB
B Bo3pacTte 14-18 jet, Bo BTOpyio — 11 mamueHTOB B Bo3pacTe 19-40 sneT. B mepBoii rpyrie cpemHuii Cpok Habmome-
Hus coctaBwi 6,8%1,5 net, Bo BTOpoit rpymme — 4,1*0,7 roga. KnuHnuyeckoe cOCTOSTHME M Pe3y/IbTAThl IeUeHUs OLleHN-
Basmu 1o kputepustm D’Aubigne —Postel, Severin, Tonnis 1 Mo cucreme olleHKM, pa3paboranHoit B HMUILL TO um. akaf,.
I.A. nu3apoBa. Y Bcex MalyeHTOB BbITIOIHSIIY BHECYCTaBHbIE CycTaBoCcOGeperaoniyie peKOHCTPYKTUBHbIE BMENIaTeTbCTBA,
MOKa3aHMsI K KOTOPBIM YCTaHABIMBAIM C YUYETOM TUIIA CYCTABHBIX NMOBEPXHOCTEN M BEJMUMHBI MHIEKCA KOHIPYIHTHOCTU
CYCTaBHBIX ITOBEPXHOCTEIA.

Pesynomamet. B mepBoii Tpymme cpemHuit (GYHKUMOHAIbHBIN pe3yiabraT coctaBuwi 16,0+0,5 6Gamia. Pacmpenerne-
HMe CyCTaBoOB Mo Kiaaccubumkamu Severin: Ia — 7, I[Ta — 7, IIb — 2, III — 3. CTeneHb apTpo3a He M3MeHWIACh B 13 cy-
craBax. [IporpeccupoBaHMue apTpo3a OTMEUYEeHO B OJHOM CYyCTaBe, perpecc apTPO3HbIX M3MEHEHMII — B YeThIpex
cycraBax. Pesynprarsl nedeHust o kputepusim HMULL TO um. I'A. nusaposa: xopoumit — 14 cycTaBoB, yOOBI€TBOPU-
TeNbHBINI — 4 CyCcTaBa, HEYJOBIETBOPUTENbHBIN — 1 cycTaB. Bo BTOpOi rpymnme GYHKIIMOHANbHBIA Pe3ylIbTaT COCTaBUII
15,0+0,4 6anna. PacripemeneHue CycTaBoB 110 Kputepusm Severin: Ia — 3, Ila — 6, III — 2. CtereHb apTpo3a He U3MEHMU/IACh
B 10 cycTaBax, IporpeccupoBaHye apTpo3a MPOU30ILI0 B OAHOM cycTaBe. Pe3ynbrarsl meueHus: no kputepmusm HMUILL TO
uM. [LA. nn3aposa: Xopoumii — 7 CyCTaBOB, YAOBIETBOPUTENbHBI — 3, HEYIOBJIeTBOPUTENbHBI — 1.

3axmouenue. JuddepeHunpoBaHHOE MPUMEHEHNE CYCTABOCOEPETAOIINX PEKOHCTPYKTUBHBIX BMEIIATENbCTB AaeT BO3-
MOXKHOCTb 3aMeJTUTh IPOrPECCHPOBAHNE TIATOIOTMYECKOTO MTPOLIeCca B CYCTaBe AaXe B YCIOBMSIX Pa3BMBIIETOCS apTpo3a
¥ TI03BOJISIETB Psifie C/Ty4aeB MCIIONb30BaTh MX B KAUECTBE BPEMEHHOI a/bTePHATUBBI SHIOMPOTEIUPOBAHMIO Y TIOLPOCTKOB
U MIALMEHTOB MOJIOLOTO BO3PAacTa.

KiroueBble c10Ba: Ta300eqpeHHbINi CYCTaB, OUCIUIACTUYECKMI T KOKCapTPO3, PEKOHCTPYKIMS, CycTaBocOeperawliye
omepanuiu.
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Background

Excessive pressure between the articular surfaces
can lead to the development of degenerative and
dystrophic changes in the cartilage in dysplas-
tic coxarthrosis because of the decrease in the
area of their contact [1, 2] and is possibly associ-
ated with an impairment of the spatial position,
shape, and ratio of the articular components [3,
4]. Studies have proposed that eliminating or ful-
ly compensating for these mechanical causes can
positively affect the course of the pathological
process in the joint [5, 6], which is the basis of the
practicality of using joint-sparing reconstructive
surgeries. However, the value of these interven-
tions for developed arthrosis remains debatable
[7]. Many experts consider early osteoarthritis as
a contraindication to this intervention because
of the risk of rapid progression of the pathologi-
cal process [8, 9]. In addition, other adverse prog-
nostic factors include severe underdevelopment
and deformity of the acetabulum, significant
proximal and lateral displacement of the femo-
ral head, and impairment of its sphericity [11, 12,
13]. On the other hand, other studies have pro-
posed triple pelvic osteotomy as an alternative to
early arthroplasty [7, 10].

This study aimed to evaluate the short- and
medium-term effects of reconstructive interven-
tions performed on young patients with dysplas-
tic coxarthrosis.

Methods
Study design

This retrospective cohort study analyzed the re-
sults of the treatment of 30 patients (27 women,
3 men) with dysplastic coxarthrosis aged 14 to
40 years. We distributed the patients into two
groups on the basis of age. Group 1 comprised 19
patients aged 14 to 18 years (15.2 = 0.5 years);
whereas group 2 comprised 11 patients aged 19
to 40 years (25.5 = 1.5 years).

In all cases, congenital hip dysplasia led to the
pathological process.

The inclusion criteria included grades I to II
of arthrosis, severe acetabular dysplasia (Tonnis
angle > 20°), grades II to III of dislocation based
on the Tonnis classification [14], Wiberg angle
of 5° or lower, and a follow-up period of at least
2 years.

The exclusion criteria included grades 0 and III
arthrosis, moderate acetabular dysplasia (Tonnis
angle < 20°), grade I dislocation, Wiberg angle of
more than 5°, and a follow-up period of less than
2 years.

Surgical technique

The indications for extraarticular joint-sparing
reconstructive interventions were established by
considering the type of articular surfaces and the
value of the index of congruence of the articu-
lar surface (ICAS) [16]. With a congruence index
of 1.1 to 1.5, the acetabulum was reoriented via
pelvic osteotomy in 22 cases [17] or via periac-
etabular osteotomy in 5 cases. Although per-
iacetabular osteotomy is similar to the R. Ganz
technique [18] in the nature of the impairment
of the bone integrity, they differed in the way of
changing the spatial position and fixing the ac-
etabular fragment. With an ICAS of more than
1.5, pelvic osteotomy was supplemented with
iliac bone osteotomy in 10 cases to change the
spatial position of the cavity vault. On the other
hand, pelvic osteotomy was combined with the
formation of a shelf according to L. Staheli to
increase the cavity volume in two cases with an
ICAS of less than 1.1 [19]. The proximal femur
in all cases received reconstructive intervention.
Most cases (21) underwent intertrochanteric os-
teotomy to correct cervical-diaphyseal disorders
in the frontal and horizontal planes. Meanwhile,
nine cases underwent double transtrochantic os-
teotomy. The osteotomized fragments and the
joint during pelvic osteotomy were fixed with the
Ilizarov apparatus. In addition, decompression
of the articulation was performed during treat-
ment. The duration of hardware treatment lasted
73.0 = 3.2 days. During periacetabular osteotomy,
combined osteosynthesis performed by fixing the
pelvic bone with screws and fixing the joint and
fragments of the femur with the apparatus. The
duration of hardware treatment lasted 40.0 £ 2.0
days. The rehabilitation period after dismantling
the apparatus lasted 9.3 * 0.4 months.

Evaluation of results

We assessed functional outcomes using the Merle
d’Aubigne—Postel scale and assessed the radio-
graphic parameters using the Severin and Tonnis
criteria and the assessment system of the G.A.
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Ilizarov National Medical Research Center for
Traumatology and Orthopedics. We determined
X-ray signs of pathology using radiographs of the
hip joint, performed in the anteroposterior pro-
jection. We also determined the radiographic pa-
rameters of the angle of inclination of the cavity
bearing surface (WBS), the acetabular coefficient
(AC), the indices of sphericity of the acetabu-
lar cavity and the head (ISH), ICAS, the Wiberg
angle (CEA), the degree of coverage of the head
with an acetabular roof (AHI), cranial displace-
ment index (SL), and lateral displacement angle
(LDA). In addition, we used the Tonnis classifi-
cation to determine the severity of arthrosis and
the Coleman criteria, modified by the authors of
the article [16], to determine the nature of the ar-
ticular surfaces.

Statistical analysis

Using Microsoft Excel 2010 software to analyze
the results, we compiled the unweighted vari-
ation series from quantitative data and deter-
mined the means, their error, and statistical
significance. We processed the data using non-
parametric tests such as the Wilcoxon test and
Mann-Whitney U-test.

Results

In group 1, the initial functional indicator was
14.7 £ 0.1 points, with pain at 4.50 £ 0.13, range
of motion at 4.8 # 0.2, and physical activity at 4.6
* 0.15. The leading radiological signs of pathol-
ogy include acetabular dysplasia and decentra-
tion of the femoral head. Meanwhile, the mean
bearing surface inclination reached 39.5° = 2.0°,
AC reached 130.0 = 5.4 (100-200), and the bone
coverage index reached 0.35 = 0.06 (0.20-0.60).
The distribution of joints based on the grade of
dislocation showed 12 joints with grade II and 7
joints with grade III. The distribution based on
the grade of arthrosis by Tonnis showed 13 joints
with grade I and 6 joints with grade II. The dis-
tribution based on the type of congruence by
Coleman showed 9 joints with grade I, 6 joints
with grade II, 3 joints with grade III, and 1 joint
with grade IV.

In group 2, the initial functional index was
13.1 £ 0.5 points, with pain at 4.50 £ 0.15, range
of motion at 4.40 = 0.25, and motor activity at
4.20 £0.15. The mean bearing surface inclination

scored 34.0° = 2.5°, AC scored 170 + 5 (140-210),
and the bone coverage scored 0.42 * 0.05 (0.4-
0.6). The distribution of joints based on the grade
of dislocation showed 10 joints with grade I and
1 joint with grade III; the distribution based on
the grade of arthrosis according to Tonnis showed
8 joints with grade I and 3 joints with grade II;
on the other hand, the distribution based on the
type of congruence according to Coleman showed
7 joints with grade I and 4 joints with grade II.

We analyzed the results on the basis of the fol-
low-up period from 2 to 18 years, with an average
follow-up period of 6.8 + 1.5 years in group 1 and
4.1 £0.7 years in group 2.

We obtained a higher functional result in pa-
tients of group 1 (16.0 # 0.5 points), with an in-
crease of 1.3 points. The result was considered
good (15-16 points) in 15 cases and satisfactory
(12-14 points) in three cases. The functional
indicator in one patient was 11 points, corre-
sponding to a poor result. On the other hand, the
average score increased by 1.9 points in group
2, amounting to 15.0 # 0.4 points. The result of
treatment was considered good in seven cases
and satisfactory in four.

The X-ray data in both groups showed a sta-
tistically significant improvement in indicators
characterizing the state of the acetabulum and
articular ratios (Table 1).

Using the Severin criteria, radiographic results
in group 1 were classified as Ia in 7 cases, Ila in 7
cases, IIb in 2 cases, and III in 3 cases. The sever-
ity of arthrosis remained unchanged in 13 cases,
moved up one grade in one joint, and decreased in
4 cases. Results also showed a progression of ar-
throsis by two grades in one case. Distribution of
joints based on the Tonnis criteria showed grade
Iin 16 joints, grade I1in 2 joints, and grade Il in 1
joint. Congruence of articular surfaces improved
in 5 joints. The distribution of joints based on the
type of congruence according to Coleman showed
type I for 14 joints, type II for 2 joints, and type
III for 3 joints. On the basis of the criteria by the
G.A. Ilizarov National Medical Research Center
for Traumatology and Orthopedics, 14 cases had
good results (2.70 £ 0.03) whereas 4 cases had
satisfactory results (1.98 * 0.08). However, one
case had a poor outcome (1.60). The proportion
of good results was 74%.

Figure 1 presents a sample case from group 1.
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Table 1
Changes in radiometric parameters over time in patients with coxarthrosis
Patient group
X-ray indicator 1 (25 joints) 2 (14 joints)
tr]c?:tfr%r:nt eigrlrll(i)r‘;va_tl; gn Before treatment Follow-up examination

WRBS, deg. 39.5+2.0 8.0 £3.0* 34.0£2.5 9.0+ 1.5%

AC 130.0£5.4 18.0+ 1.5* 170.0£5.0 185.0£1.8

AHI 0.35+0.05 0.92 £ 0.05* 0.42 +£0.03 0.85 = 0.06*

CEA, deg. 14+1.6 30.0 £1.9* 1.2+1.7 27.0+0.8*

LDA, deg. 38.0+2.5 22.0 +2.0* 35.0+3.0 25.0+1.3*

SL, mm 29.0+3.0 5.0+0.2% 25.0£3.5 3.0+0.6*

*Statistically significant differences from the baseline, p < 0.05.

Fig. 1. X-ray images of a 14-year-old patient; dysplastic coxarthrosis, stage II; dislocations, stage III:
a — before treatment; b — during treatment; c — 7 years follow-up

Using the Severin criteria, radiographic results
in group 2 showed 3 cases with Ia, 6 with Ila, and
2 with III. The severity of arthrosis remained un-
changed in 10 cases, but one joint had a progres-
sion by one grade. Distribution of joints based
on the Tonnis criteria showed 7 with grade I and
4 with grade II. The congruence of the articular
surfaces improved in three joints. The distribu-
tion of joints based on the type of congruence ac-
cording to Coleman showed 9 joints with type I, 1
with type I, and 1 with type IV.

Figure 2 presents a sample case from group 2.

On the basis of the criteria of the G.A. Ilizarov

National Medical Research Center for Traumatology
and Orthopedics, seven cases had good results (2.56
£(.01), while 3 cases had satisfactory results (2.10 £
0.05). However, one case had a poor outcome (1.36).
There were 63% of good results.

Complications

In 3 cases from group 1, superficial inflammation
of the soft tissues around the apparatus fixing
elements was stopped using conservative meas-
ures. In one case, an intraarticular fracture of the
fixing elements occurred, requiring additional
surgical intervention.
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Fig. 2. X-ray images of a 20-year-old patient; dysplastic coxarthrosis, stage II; dislocations, stage II;
a — before treatment; b — during treatment; c — 16 years follow-up

Discussion

Although arthroplasty has known advantages
and high efficiency, this method may not al-
ways be the surgery of choice for adolescents and
young adults with dysplastic coxarthrosis be-
cause of the high probability of repeated, usually
more aggressive intervention [20]. Therefore, im-
proving and implementing joint-saving surgeries
are preferred in the orthopedic rehabilitation of
these patients. Theoretically, restoring articular
relationships by changing the spatial position
and shape of the articular components should re-
duce intraarticular pressure and have a positive
effect on the course of the pathological process
in the joint [7, 17].

Although adequate reconstructive interven-
tion slows down the progression of arthrosis, the
intervention does not prevent it [21]. Previous
studies showed that the proportion of joints in
which arthrosis progressed after surgery varied
from 5% to 31% [22, 23, 24]. Other studies found
that 5% to 15% of cases required arthroplasty af-
terjoint-sparing intervention [25,26, 27]. Adverse
prognostic factors include age, signs of devel-
oped arthrosis, severe cavity dysplasia, proximal
and lateral displacement of the head, deformity,
and incongruence of the articular surfaces [11,
12, 13, 28, 29, 30]. Korytkin et al. noted that in
a group of patients older than 18 years with hip
dysplasia with minimal dislocation and without
pronounced degenerative changes, 6% required
arthroplasty during the first 3 years after recon-
structive intervention [31]. In addition, Kamosko

et al. found that in a group of adolescent patients
with signs of developed arthrosis at the end of
the rehabilitation period, 7% of cases presented
with articulation decompensation in the form of
a rapid progression of degenerative-dystrophic
changes, requiring joint replacement [32].

In this study, we excluded patients (grade 0 ar-
throsis, grade I dislocation, spherical head, mod-
erate acetabular dysplasia) who were considered
the best candidates for joint-sparing intervention
by Trousdale and Cabanela, [33]. Thirty percent
of joints had grade II arthrosis. Eight cases reg-
istered grade III dislocation, whereas four cases
had head deformity.

We detected 6.7% of joints with arthrosis pro-
gression. All cases had grade I arthrosis before
the surgery. We associated a poor outcome in a
teenage patient with technical errors during sur-
gery (intraarticular location of fixing elements).
In a patient from group 2, the formed incongru-
ence of the articular surfaces possibly caused the
pathological process progression.

Because of the limited number of patients and
a short average follow-up period, we could not ob-
jectively assess the impact of reconstructive sur-
gery on the pathological process. Nevertheless,
despite the adverse prognostic indicators in most
cases, it should be noted that joint-sparing inter-
vention did not lead to joint decompensation.

Previous studies found that the restoration
of articular relationships can stabilize and even
regress degenerative-dystrophic changes in the
joint [34, 35, 36]. Other studies noted that the pro-

24 2022;28(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

portion of joints that had reversal of degenerative-
dystrophic changes varied from 6% to 91% [32, 34,
36]. This difference may be associated with the
initial grade of arthrosis and the different criteria
used to interpret radiographic results [10, 14, 32].
In our study, we noted an improvement in 4 joints
only in group 1. In addition, structural changes
in the components of the joints remained at the
same level in 80% of cases, suggesting a slowdown
in the progression of arthrosis.

Analysis of the treatment results accord-
ing to age showed that higher functional re-
sults were achieved in group 1 despite the more
pronounced initial anatomical disorders in the
group. Differences in radiographic results be-
tween both groups were not statistically signifi-
cant, probably due to the higher adaptive capac-
ity of adolescents.

Previous studies found that complications in
the form of heterotopic ossification (4%-8%),
neurological disorders (1%-15%), and the forma-
tion of false joints (1%-2%) usually occur after
performing reorienting osteotomies [22, 25, 26,
27]. In this study, all complications (13.3%) were
associated with the use of hardware fixation, with
the treatment outcome in one case being signifi-
cantly affected by a complication.

The Ilizarov apparatus is commonly used in
the treatment of patients in both groups for fixing
osteotomized bone fragments. Its disadvantages
include significant inconvenience for the patient,
the need for prolonged medical supervision,
and a long rehabilitation period (8—10 months).
Previous studies showed that the duration of the
recovery period can be reduced to 3-6 months
with the use of modern internal fixators [36].
This difference may be partly due to the different
criteria for completing the rehabilitation period.
We believe that a full load on the limb (the end of
the recovery period) is acceptable when the mo-
bility in the joint and the strength of the gluteal
muscles are restored in a functionally beneficial
range. Another important factor that increases
the recovery process duration is the long-term
(70-75 days) hip joint fixation, which increases
its contracture. This is one of the controversial
elements of the technology. On the one hand,
joint immobilization causes degenerative chang-
es in the articular cartilage. On the other hand,
clinical data show that prolonged fixation of the
joint in combination with supportive distraction

does not lead to irreversible changes. We assume
that nonarticulating hardware fixation of the
joint with decompression elements can ensure
mutual adaptation of the articular components
after the restoration of articular relationships, as
confirmed to a certain extent in the analysis of
the results our study.

This technique’s advantages include the pa-
tient’s early motor activity and the load on the
limb, reduction of surgical complexity and inju-
ry rate, and flexibility in positioning bone frag-
ments and articular components during the sur-
gery and in the postoperative period. Using the
apparatus provides the necessary mobility of the
cavity, virtually eliminating delayed consolida-
tion at the osteotomy sites.

Conclusions

The differentiated use of reconstructive interven-
tions can slow down the progression of the patho-
logical process in joints with developed arthrosis
and initial discongruence of the articular surfaces
and can be used as a temporary alternative to ar-
throplasty in adolescents and young patients.

Disclaimers

Authors’ contributions

All authors made equal contributions to the
study and the publication. All authors have read
and approved the final version of the manuscript
of the article. All authors agree to bear responsi-
bility for all aspects of the study to ensure proper
consideration and resolution of all possible is-
sues related to the correctness and reliability of
any part of the work.

Funding source. This study was not supported by
any external sources of funding.

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

Ethics approval. The study was approved by
the local ethics committee of National Ilizarov
Medical Research Center for Traumatology and
Orthopedics, protocol No 2 (57), 17.05.2018.

Consent for publication. Written consent was ob-
tained from the patients or their legal represent-
atives for publication of relevant medical infor-
mation and all of accompanying images within
the manuscript.

25 2022;28(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

References

1.

10.

11.

12.

13.

14.

15.

Gala L., Clohisy J.C., Beaulé P.E. Hip Dysplasia in the
Young Adult. J Bone joint Surg Am. 2016;98(1):63-73.
doi: 10.2106/JBJS.0.00109.

Trousdale R. Acetabular Osteotomy. Clin Orthop Relat
Res. 2004;(429):182-187.

Min B.W., Kang C.S., Lee K.J., Bae K.C., Cho C.H.,
Choi J.H. et al. Radiographic Progression of
Osteoarthritis after Rotational Acetabular Osteotomy:
Minimum 10-Year Follow-up Outcome According to the
Tonnis Grade. Clin Orthop Surg. 2018;10(3):299-306.
doi: 10.4055/ci0s.2018.10.3.299.

Johnsen K., Goll R., Reikeras O. Acetabular dys-
plasia as an aetiological factor in development of
hip osteoarthritis. Int Orthop. 2009;33(3):653-657.
doi: 10.1007/s00264-008-0554-7.

Leunig M., Siebenrock K.A., Ganz R. Rationale of periac-
etabular osteotomy and background work. Instr Course
Lect. 2001;50:229-238.

Millis M.B., Murphy S.B., Poss R. Osteotomies about the
hip for the prevention and treatment of osteoarthrosis.
Instr Course Lect. 1996;45:209-226.

Janssen D., Kalchschmidt K., Katthagen B.D. Triple pel-
vic osteotomy as treatment for osteoarthritis second-
ary to developmental dysplasia of the hip. Int Orthop.
2009;33(6):1555-1559. doi: 10.1007/s00264-008-0718-5.
Sgballe K. Pelvic osteotomy for acetabular dys-
plasia. Acta Orthop Scand. 2003;74(2):117-118.
doi: 10.1080/00016470310013815.

Yasunaga Y., Ochi M., Terayama H., Tanaka R.,
Yamasaki T., Ishii Y. Rotational acetabular osteotomy
for advanced osteoarthritis secondary to dysplasia of
the hip. J Bone joint Surg Am. 2006;88(9):1915-1919.
doi: 10.2106/JBJS.E.00715.

Okano K., Enomoto H., Osaki M., Shindo H.
Rotational acetabular osteotomy for advanced os-
teoarthritis secondary to developmental dyspla-
sia of the hip. J Bone Joint Surg Br. 2008;90(1):23-26.
doi: 10.1302/0301-620X.90B1.19665.

Hartig-Andreasen C., Troelsen A., Thillemann T.M.,
Seballe K. What factors predict failure 4 to
12 years after periacetabular osteotomy? Clin
Orthop Relat Res. 2012;470(11):2978-2987.
doi: 10.1007/s11999-012-2386-4.

Troelsen A., Elmengaard B., Sgballe K. Medium-
term outcome of periacetabular osteotomy and
predictors of conversion to total hip replace-
ment. J Bone joint Surg Am. 2009;91(9):2169-2179.
doi: 10.2106/]BJS.H.00994.

Wells J., Millis M., Kim Y.J., Bulat E, Miller P,
Matheney T. Survivorship of the Bernese Periacetabular
Osteotomy: What Factors are Associated with Long-
term Failure? Clin Orthop Relat Res. 2017;475(2):
396-405. doi: 10.1007/s11999-016-4887-z.

Tonnis D. Congenital dysplasia and dislocation of the
hip. Berlin: Springer-Verlag; 1987. 506 p.

D’aubigne R.M., Postel M. Functional results of hip ar-
throplasty with acrylic prosthesis. J Bone Joint Surg Am.
1954;36-A(3):451-475.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Teplenky M.P., Oleinikov E.V., Bunov V.S. [Hip recon-
struction in patients with ischemic deformity of the
proximal femur and associated acetabular dyspla-
sia]. Genij Ortopedii. 2020;26(4):502-507. (In Russian).
doi: 10.18019/1028-4427-2020-26-4-502-507.

Teplenky M., Mekki W., Oleinikov E. Ilizarov Technique
with Proximal Femoral and Triple Pelvic Osteotomy for
the Treatment of Adolescent Developmental Dysplasia
of the Hip. Rev Bras Ortop (Sao Paulo). 2020;55(2):232-
238. doi: 10.1055/5-0039-3400737.

Ganz R., Klaue K., Vinh T.S., Mast J.W. A new periace-
tabular osteotomy for the treatment of hip dysplasias.
Technique and preliminary results. Clin Orthop Relat Res.
1988;(232):26-36.

Staheli L.T. Slotted acetabular augmentation. J Pediatr Orthop.
1981;1(3):321-327.doi: 10.1097/01241398-198111000-00014.
Haverkamp D., Marti R.K. Intertrochanteric osteotomy
combined with acetabular shelfplasty in young patients
with severe deformity of the femoral head and second-
ary osteoarthritis. A long-term follow-up study. /] Bone
Joint Surg Br. 2005;87(1):25-31.

Millis M.B., Kim Y.J. Rationale of osteotomy and
related procedures for hip preservation: a re-
view. Clin Orthop Relat Res. 2002;(405):108-121.
doi: 10.1097/00003086-200212000-00013.

Clohisy J.C., Schutz A.L., St John L., Schoenecker P.L.,
Wright R.W. Periacetabular osteotomy: a systematic
literature review. Clin Orthop Relat Res. 2009;467(8):
2041-2052. doi: 10.1007/s11999-009-0842-6.
Biedermann R., Donnan L., Gabriel A., Wachter R.,
Krismer M., Behensky H. Complications and pa-
tient  satisfaction  after  periacetabular  pel-
vic osteotomy. Int Orthop. 2008;32(5):611-617.
doi: 10.1007/s00264-007-0372-3.

Clohisy J.C., Nunley R.M., Curry M.C., Schoenecker P.L.
Periacetabular osteotomy for the treatment of acetabu-
lar dysplasia associated with major aspherical femoral
head deformities. /] Bone Joint Surg Am. 2007;89(7):1417-
1423. doi: 10.2106/JBJS.F.00493.

Cunningham T., Jessel R., Zurakowski D., Millis M.B.,
Kim Y.J. Delayed gadolinium-enhanced magnetic
resonance imaging of cartilage to predict early fail-
ure of Bernese periacetabular osteotomy for hip dys-
plasia. J Bone Joint Surg Am. 2006;88(7):1540-1548.
doi: 10.2106/JBJS.E.00572.

Kralj M., Mavcic B., Antolic V., Iglic A., Kralj-Iglic V.
The Bernese periacetabular osteotomy: clini-
cal, radiographic and mechanical 7-15-year follow-
up of 26 hips. Acta Orthop. 2005;76(6):833-840.
doi: 10.1080/17453670510045453.

Siebenrock K.A., Scholl E., Lottenbach M., Ganz R.
Bernese periacetabular osteotomy. Clin Orthop Relat Res.
1999;(363):9-20.

Okano K., Enomoto H., Osaki M., Shindo H.
Outcome of rotational acetabular osteotomy
for early hip osteoarthritis secondary to dyspla-
sia related to femoral head shape: 49 hips followed
for 10-17 vyears. Acta Orthop. 2008;79(1):12-17.
doi: 10.1080/17453670710014699.

26 2022;28(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

29. Hasegawa Y., Masui T., Yamaguchi].,Kawabe K., Suzuki S.

30.

31.

32.

Factors leading to osteoarthritis after eccentric ro-
tational acetabular osteotomy. Clin Orthop Relat Res.
2007;459:207-215. doi: 10.1097/BLO.0b013e31803df968.
Yasunaga Y., Yamasaki T., Ochi M. Patient selection
criteria for periacetabular osteotomy or rotational
acetabular osteotomy. Clin Orthop Relat Res. 2012;
470(12):3342-3354. doi: 10.1007/s11999-012-2516-z.
Korytkin A.A., Novikova Ya.S., El moudni Yo.M.,
Kovaldov K.A., Gerasimov S.A., Gubina E.V.
[Periacetabular Pelvic Osteotomy in Treatment of
Patients with Developmental Dysplasia of the Hip].
Travmatologiya i ortopediya Rossii [Traumatology and
Orthopedics of Russia]. 2021;27(1):131-142. (In Russian).
doi: 10.21823/2311-2905-2021-27-1-131-142.

Kamosko M.M., Baskov V.E., Barsukov D.B.,
Pozdnikin I1.Yu., Grigoriev LV. [Transposition of
the acetabulum after triple pelvic osteotomy in
the treatment of children with hip dysplasia].
Travmatologiya i ortopediya Rossii [Traumatology and
Orthopedics of Russia]. 2014;20(3):76-85. (In Russian).
doi: 10.21823/2311-2905-2014-0-3-76-85.

33.

34.

35.

36.

Trousdale R.T., Cabanela M.E. Lessons learned
after more than 250 periacetabular osteoto-
mies. Acta Orthop Scand. 2003;74(2):119-126.

doi: 10.1080/00016470310013824.

Shimogaki K., Yasunaga Y., Ochi M. A histo-
logical study of articular cartilage after rota-
tional acetabular osteotomy for hip dysplasia.
J Bone Joint Surg Br. 2005;87(7):1019-1023.
doi: 10.1302/0301-620X.87B7.15589.

Sen C., Sener N., Tozun LR., Boynuk B. Polygonal tri-
ple (Kotz) osteotomy in the treatment of acetabu-
lar dysplasia: 17 patients (19 hips) with 4-9 years of
follow-up. Acta Orthop Scand. 2003;74(2):127-132.
doi: 10.1080/00016470310013833.

Bortulev P.I., Vissarionov S.V., Bortuleva O.V.,
Baskov V.E., Barsukov D.B., Pozdnikin I.Yu.,
Baskaeva T.V. [The Medium-Term Results of
Complex Treatment of the Children with I-II
Stage Dysplastic  Osteoarthritis].  Travmatologiya
i ortopediya Rossii [Traumatology and Orthopedics
of Russia]. 2020;26(3):93-105. (In  Russian).
doi: 10.21823/2311-2905-2020-26-3-93-105.

AUTHORS INFORMATION
D] Mikhail P. Teplenky — Dr. Sci. (Med.).

Address: 6, M. Ulyanova str., Kurgan, 640014, Russia
https://orcid.org/0000-0002-1973-5192

e-

mail: teplenkiymp@mail.ru

Evgeny V. Oleinikov — Cand. Sci. (Med.)
https://orcid.org/0000-0002-2454-7161

e-

mail: ortho-kgn@mail.ru

Vyacheslav S. Bunov — Cand. Sci. (Med.)
https://orcid.org/0000-0002-5926-7872

e-

mail: bvsbunov@yandex.ru

Jonibek T. Fozilov
https://orcid.org/0000-0001-5068-6643

e-

mail: turdievich25081995@gmail.com

27 2022;28(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



