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Abstract

Background. Lack of adequate treatment for children with Perthes disease leads to the formation of severe
femoral head deformity with articular surfaces incongruity, followed by the development of femoroacetabular
impingement and early hip osteoarthritis. To date, femoral head reduction osteotomy is the most effective
treatment option for such patients. However, the results of its performance have been discussed in only a few
case-control studies with small sample sizes in both international and domestic literature.

The aim of the study was to evaluate the effectiveness and safety of femoral head reduction osteotomy and to
analyze the further development of the hip joint in children operated for severe femoral head deformity due to
Perthes disease.

Methods. We have analyzed preoperative and postoperative results of clinical and radiological examination
of 20 patients (20 hip joints) aged 8 to 12 years with deformed Perthes femoral head and articular surfaces
incongruity. Femoral head reduction osteotomy was performed in all patients.

Results. A radical proximal femoral reconstruction has led to significant improvement in the shape of the
proximal femur with improved head sphericity and restoration of articular congruence. However, at the 6-
to 12-month follow-up, some patients, primarily those with progressive lateral acetabular rim deformity,
exhibited a decrease in the intraoperatively achieved Wiberg angle, an increase in the percentage of femoral
head extrusion from the acetabulum, and varying degrees of Shenton line disruption.

Conclusions. Performing femoral head reduction osteotomy with correct surgical technique is an effective
reconstructive technique for the treatment of children with a severe saddle-shaped deformity of the femoral
head and articular surfaces incongruity. In patients with Toénnis and Sharp angles exceeding the upper limit
of the physiological norm, due to the formation of secondary subluxation, it is advisable to simultaneously
perform femoral head reduction osteotomy and triple/periacetabular pelvic osteotomy. This treatment
option should be chosen only after a critical analysis of potential risks.
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Cite as: Bortulev P.I., Baskaeva T.\V., Poznovich M.S., Barsukov D.B., Pozdnikin I.Yu., Rustamov A.N. Femoral
Head Reduction Osteotomy for the Treatment of Severe Femoral Head Deformities and Articular Incongruity
in Children with Perthes Disease. Traumatology and Orthopedics of Russia. 2025;31(1):20-33. (In Russian).
https://doi.org/10.17816/2311-2905-17645.

DX Pavel I. Bortulev; e-mail: pavel.bortulev@yandex.ru
Submitted: 02.12.2024. Accepted: 06.02.2025. Published online: 10.02.2025.

© Bortulev P.I., Baskaeva T.V., Poznovich M.S., Barsukov D.B., Pozdnikin I.Yu., Rustamov A.N., 2025

20 2025;31(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17816/2311-2905-17645&domain=PDF&date_stamp=2025-03-12

CLINICAL STUDIES

Hayars crams [ E—

VIK 616.718.41-021.4-089-053.2
https://doi.org/10.17816/2311-2905-17645

CermeHTapHas peseKkuus rofioBKU 6eapeHHON KOCTH
npu rpy6oi aedpopmaumm anudpusa U AUCKOHIPYIHTHOCTU CYCTaBHbIX
NOBEpXHOCTEN y AeTen ¢ bonesHblo MNepreca

[1.U. boprynés, T.B. backaesa, M.C. [To3HoBuy, /I.b. bapcykos, N.10. [lo3gHNKMH,
A.H. Pycramos

@OIBY «HayuoHanvHwlii MeduyuHcKkuli uccnedosamenwvckuii yeHmp 0emckoti mpasmamosiozuu
u opmoneduu um. I 1. Typrepa» Mun3sopasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepar

AxkmyansHocms. OTCYTCTBYE afieKBATHOTO JieueHUs eTelt ¢ 60me3Hbio [lepreca mpuBOAUT K HGOPMUPOBAHUIO
rpy6oit medopMariuy rosIoBKY C AMCKOHTPYIHTHOCTDIO CYCTaBHBIX TTIOBEPXHOCTE C MOCIEAYIOMIMM Pa3BUTHEM
(bemopo-a1eTabyIIpHOrO MMIIMHIKMEHTA ¥ paHHEro KOKcapTpo3a. B HacTosIee BpeMs y JaHHOI KaTeropumn
MalMeHTOB HanMbosbIei 3¢ GeKTUBHOCTDIO 00/1aaeT CerMeHTapHast pe3eKIys roJIoBKy 6eapeHHoit Koctu. Of-
HaKO pe3y/IbTaThl €€ BBIMOIHEHNMSI B MUPOBOJ 1 OTEUEeCTBEHHOI IUTepaType OCBENIeHbl B €IMHUYHbBIX ITyOI-
KalMsIX C IM3aifHOM «CTy4ail — KOHTPOJIb» ¥ HEGOJBIIMM KOJIMUECTBOM IMallVIEHTOB.

Llenws uccnedosanuss — oneHUTDb 3PGEKTUBHOCTD 1 6€30MaCHOCTD BBITIOJTHEHUST CETMEHTAPHO pe3eKLyy ro-
JIOBKM GeIpeHHO KOCTH, a TaKKe AMHAMUKY JajbHeIIero pasBmuTHs Ta300eIpeHHOro CyCTaBa Ha OCHOBAHUMU
aHa/IM3a Pe3y/aIbTaTOB XMPYPIrUUECKOTO JIeueHUs AeTeli ¢ rpy6oit qedopMariiyieii TojI0BKY 6eIpeHHO KOCTH TP
6onesuu Iepteca.

Mamepuan u memoost. IIpoBefieH aHaIN3 PE3YIbTATOB KIMHNYECKOTO U JTYUYEBOTO METOJOB MCCAeq0BAHMS
20 manyenToB (20 Ta3o06eqpeHHBIX CYCTaBa) B Bo3pacTe OT 8 mo 12 jieT ¢ rpy6oit medbopmaiiueit ronoBku Ge-
IPEHHOM KOCTY M AMCKOHTPYIHTHOCTHIO CYCTaBHBIX ITOBEPXHOCTEN Ipu 6one3Hu Ilepreca Ao U mocie orne-
pPaTUBHOTO JieueHMsl. BceM malyeHTaM BbITTONHSIJIACh CETMeHTapHasl pe3eKIys roJIOBKY 6eIpeHHO KOCTM.
Pe3ynvmamel. PagyukanbHas peKOHCTPYKIMS MTPOKCUMAabHOTO OTAesIa OeIpeHHOl KOCTH MpuBejia K 3HaAUM-
TeJIbHOMY Y/IyullleHM0 ero hopMmbl, yiaydllieHuIo chepuyHOCTY TOJIOBKM M BOCCTAHOBJIEHUIO KOHTPYIHTHO-
cTu. BMecTe ¢ TeM Ha cpoke Ha6GmOmeHUs OT 6 10 12 Mec. y MalMeHTOB C MMEIEecs MCXOMHO XOTb U He
BBIpaXKEHHO, HO ITporpeccupyloliein nedopmaiieit iaTepajJbHOTO Kpasi BepT/IYKHOI BIIaAMHbI, OTMEUaI0Ch
yMeHbIlIeHVe JOCTUTHYThIX MHTpaoIepalMoHHO 3HaueHui yrina Wiberg, yBenmueHue mpoiieHTa 3KCTPY3un
TOJIOBKY OeIpeHHOl KOCTM U3 BePTIY)KHO BIIaAMHBI, @ TAKKe HapylleHMe HeIpepbIBHOCTY JMHMUM Shenton
pasIMIHOM BBIPAXKEHHOCTU.

3axnioueHue. BrITIOTHEHYE CETMEHTAPHO pe3eKIINy rojOBKM 6eIpeHHO KOCTH € COOMI0IeHMeM KOPPEKT-
HOVi XUPYPTrUUYECKO TEXHUKU SIBISIeTCS 6e30TacHoi U 3G deKTUBHOIN PEKOHCTPYKTMBHOIM METOAMKOIL Jie-
yeHMs JeTeit ¢ rpyboit «cemIoBUAHON» gedopmaliyeii roloBKM 6efpa M OUCKOHTPYIHTHOCTBIO CYCTABHBIX
MOBepXHOCTeN. Y MalMeHToB CO 3HaueHusiMu yriaoB Tonnis u Sharp, mpeBsIaOUIMMMU BEPXHIO I'PaHUILY
cpenHedU3UONIOTMUECKOi HOPMbI, BBUAY OPMMPOBAHMS BTOPUUYHOIO IMOABBIBMXA 11€71€CO000PA3HO CUMYIIb-
TaHHO BBITIONHSITh CETMEHTAPHYIO Pe3eKIINIO TOJIOBKM GepeHHOI KOCTM UM TPOITHYIO/TIepualeTabyaspHyIo
OCTEeOTOMMIO Ta3a Ioc/ie TPOBeleHNsI KPUTUUECKOTO aHaIM3a BO3MOKHbBIX PUCKOB.

KiroueBsie c1oBa: getu, 6onesHb Jlerra—Kanbse —Ilepreca, cemyioBumHas mehopMaiiis, IMCKOHTPYSHTHOCTb,
cerMeHTapHasi pe3eKIius ToJIOBKM OeIpPeHHOI KOCTH, ITOABbIBUX Oenpa.

g Ama umruposanmsa: boprynés IL.U., backaesa T.B., Ilosmosumu M.C., Bapcykos [I.B., Tlosguukuu W.10.,
PycramoB A.H. CermeHTapHasi pe3eKIMSI TOJOBKM OGelpeHHO KOCTM mpu Tpyboit medbopmaruu snudbmusza u
MVCKOHTPYSHTHOCTY CYyCTaBHBIX TIOBEPXHOCTEN y meTeit ¢ Gone3Hbio Ilepreca. Tpasmamonozus u opmonedus Poccuu.
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INTRODUCTION

Perthes disease, historically considered an
osteochondropathy, is now classified as an
idiopathic avascular necrosis of the femoral
head in children [1]. Although the etiology of the
disease has been extensively studied, it
remains not fully clear. Though the primary
hypothesis suggests a multifactorial origin,
several theories have been proposed, including
mechanical, genetic, and systemic risk factors
[2, 3, 4, 5]. According to various authors, the
incidence ranges from 0.4 to 29.0 per 100,000
children per year [6, 7, 8]. The disease typically
manifests between the ages of 3 and 12 years,
most commonly between 5 and 7 years. Boys
are affected up to five times more frequently
than girls, and in 76-90% of cases, the disease
is unilateral [9, 10]. The disruption of blood
supply to the femoral epiphysis is the underlying
cause of the disease, while genetic and other
factors may predispose to its development [11].
Currently, the gold standard for treating children
with Perthes disease is containment therapy,
aimed at preventing femoral head deformity.
This can be achieved either conservatively (using
plaster casts or orthopedic braces depending on
the child’s age) or through reconstructive surgery
[12, 13, 14, 15, 16].

Without appropriate treatment, children with
extensive necrotic focus inevitably develop severe
femoral head deformity and articular surface
incongruity, leading to adduction contracture,
gait disturbances, pain, and ultimately
femoroacetabular impingement and early hip
osteoarthritis [17, 18, 19, 20, 21].

Surgical treatment in such cases remains
challenging, with the optimal correction
technique still debated. Its choice largely depends
on the severity of the femoral head deformity.
The main goals of reconstructive surgery are to
eliminate the pathomechanical conflict between
the femoral head and acetabular rim, improve
the shape of the proximal femoral epiphysis, and
restore congruence in the hip joint.

For children with the severe loss of femoral
head sphericity (saddle-shaped deformity)
and joint surface incongruity, where periarti-
cular osteotomies aimed at primary surgical
containment are contraindicated, the most
appropriate surgical method is femoral head
reduction osteotomy. This technique was first

described by M. Leunig and R. Ganz [22] and later
detailed in a comprehensive surgical technique
report by K.A. Siebenrock et al. [23]. Despite
its high effectiveness, femoral head reduction
osteotomy has been discussed in only a few case-
control studies with small sample sizes in both
international and domestic literature. Additionally,
some studies suggest that most patients who
undergo femoral head reduction osteotomy
subsequently require triple pelvic osteotomy due
to secondary hip subluxation [23, 24].

The aim of the study was to evaluate the
effectiveness and safety of femoral head
reduction osteotomy and to analyze the further
development of the hip joint in children operated
for severe femoral head deformity due to Perthes
disease.

METHODS

Study design: a single-center
prospective cohort study.

Inclusion criteria: age from 8 to 12 years, severe
saddle-shaped femoral head deformity with
articular incongruity, no prior hip operations, no
neurological or hereditary diseases, voluntary
informed consent from legal guardians for
participation in the study.

Exclusion criteria: age below 8 or above 12 years,
preservation of femoral head sphericity, possibility
of achieving primary surgical containment
through extra-articular procedures, confirmed
neurological or hereditary diseases.

The study included 20 patients (20 hip joints)
aged 8-12 years (mean age 10.2%1.1) with severe
femoral head deformity and articular incongruity
due to Perthes disease.

Clinical examination was held according to
standard orthopedic protocols for hip patho-
logy assessment. Comprehensive preoperative
evaluation included hip X-ray imaging in AP and
axial views, as well as in the abducted position
of the lower limbs (to verify the absence of
femoral head centration within the acetabulum,
indicating articular incongruity), along with
computed tomography (CT) and magnetic
resonance imaging (MRI) of the hip joints. All
images were used to assess the true extent of
the femoral head deformity, the condition of
the hyaline cartilage, and the positioning of the
acetabular rim.

Radiographic parameters assessed included
Sharp angle, Tonnis angle, femoral neck-shaft

open-label
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angle (NSA), articulo-trochanteric distance
(ATD), index of sphericity of acetabulum (ISA),
index of sphericity of femoral head (ISH), index
of congruence of articular surface (ICAS), femoral
head extrusion index (FHEI), Wiberg angle, and
Shenton line continuity.

CT was used for the further assessment of the
proximal femoral epiphyseal deformity and signs
of postoperative avascular necrosis.

Surgical technique

Reconstructive operation was performed
under combined anesthesia with multimodal
analgesia for 48 hours postoperatively. We
strictly adhered to the methodology of safe
surgical hip dislocation and femoral head
reduction osteotomy [22, 23]. With a patient in
decubitus position on the healthy side, a skin
incision was made, followed by subcutaneous
tissue and fascia dissection. After exposing
the external hip rotators, a trochanteric slide
osteotomy was performed for improved joint
capsule visualization. The capsule was then
incised in a Z-shaped manner. After transecting
the ligamentum teres, the femoral head was
dislocated, and a periosteal-capsular-muscular
flap containing the main vascular supply
(medial femoral circumflex artery branches) was
mobilized. Segmental femoral head reduction
osteotomy was then performed (Figure 1).

After reducing the femoral head into the
acetabulum, radiography of the hip joint was

performed in AP and axial views using a C-arm,
along with the visual assessment of the range
of motion and the evaluation of the position of
the acetabular rim. The next stage involved tight
closure of the joint capsule, distalization of the
greater trochanter to relatively lengthen the
femoral neck and achieve satisfactory tension
of the gluteus medius muscle, followed by
osteosynthesis using two 4.5 mm screws with
washers for adequate compression. The wound
was sutured in layers, leaving a drain tube at the
anterior surface of the hip joint capsule.

Statistical analysis

Statistical analysis was conducted using
Excel 2010 and SPSS Statistics v.26. Descrip-
tive statistics included means (M), standard
deviations (SD), and median (Me) with the
25" and 75" percentiles (Q,-Q,). The Mann-
Whitney U test and Wilcoxon test were used
for comparisons. Spearmen’s rank correlation
coefficient (Rs) was wused to determine
relationship strength (0.01<r<0.29 - weak;
0.30<r<0.69 — moderate; 0.70<r<1.00 — strong).
The value of the coefficient described the
direction (positive or negative) of correlation.
To assess the degree and type of influence of
one variable on another, regression analysis
was performed using both linear and quadratic
regression models. The proportion of variance
explained was evaluated using the coefficient of
multiple determination (R?).

Figure 1. The stages of performing femoral head reduction osteotomy:
a — marking and osteotomy of the preoperatively planned central part of the head and neck; b — fragment
adaptation and osteosynthesis with two 3.5 mm screws after removal of the central part of the head and neck
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Table 1

Patients’ hip goniometry results before
surgical reconstruction, deg.

Range of Range of
motion of the motion of the
Motion affected joint, healthy joint,
M=SD, M=SD,
Me [QI_Q3] Me [Ql_Qg]
Flexion 104.3%5.3 117+4.6
105 [100-105] 120 [115-120]
. 5+3.1 38+3.4
Abduction 5[5-5] 40 [35-40]
Internal rotation 0.9+2.0 22,6%4.0
0[0-0] 25 [20-25]
External rotation 48.0%6.4 33.0¥4.8
50 [45-50] 35[30-35]

RESULTS

Upon admission for inpatient treatment, the
primary complaint of the patients was limited
range of motion in the hip, characterized by an
externally rotated position of the affected lower
limb with a pronounced limitation of abduction
and internal rotation. The results of the
conducted goniometry are presented in Table 1.

Statistical analysis of the data presented in
Table 1 revealed significant differences (p<0.05)
in the range of motion between the healthy and
affected joints.

The results of the hip joint radiometric
assessment are reflected in Table 2.

Table 2

Values of the indices characterizing the radiographic anatomical structure of the femoral
and pelvic components of the hip joint, as well as its stability, in children with a deformed
Perthes femoral head in comparison with reference values based on the literature

Affected side, Healthy side, Reference values in
Parameter M=SD, M=SD, children without hip joint
Me [Q,-Q,] Me [Q,-Q;] pathology [25, 26, 27]
Sharp angle, deg. 50.8%3.2 43.6%2.1 35-50
52 [48.3-53.0] 43 [42.3-45.0]
Tonnis angle, deg. 11.9£2.7 7.5£1.0 0-10
12.5[9.0-14.8] 7[7-8]
NSA, deg. 128+3 135.55.3 125-145
128.5[126.3-130.8] 136 [135.0-140.0]
ATD, mm 14+0.9 9.4%9 -
14 [13.5-14.8] 7.7 [6.2-8.7]
ISA 1.0+0.1 0.9+0.1 0.8-1.2
1[0.95-1.10] 1[0.9-1]
ISH 1.3%0.1 0.8%0.1 0.6-1.0
1.3[1.2-1.3] 0.8 [0.7-0.9]
ICAS 0.8+0.1 1.3+0. 1.1-14
0.8 [0.7-0.8] 1.3[1.2-1.4]
Wiberg angle, deg. 13.4%2 28.2+2.1 25-40
13 [12-15] 28 [26.3-30.0]
FHEI, % 39.9+7.8 14.6%2.7 No more than 25%
40.5 [32.3-45.0] 14 [13.0-15.6]
Shenton line Disruption no more than Undisrupted Undisrupted
5 mm - 13 patients (65%)
Undisrupted - 7 patients (35%)
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In some patients, a moderately pronounced
exceedance of the reference values of Sharp and
Tonnis angles was noted, which, in our opinion,
is due to prolonged localized pathological
pressure of the femoral head on the superolateral
section of the acetabulum (Figure 2).

mHealthy side mAffected side

60

40
30

20

10 —
=

Sharp angle Tonnis angle
Figure 2. Distribution of Sharp and Tonnis angles
values in patients before surgery.

Hereinafter — the medians (a horizontal line inside
the shaded area), average values (the“x” symbol
inside the shaded area), interquartile range

(the shaded area), maximum and minimum values
(horizontal lines at the end of the whiskers) are
marked

NSA values on the affected side, although
lower than those on the healthy side, did not
demonstrate statistically significant differences
(p>0.05). In contrast, ATD values on the affected
side were significantly lower (p<0.05) compared
to those of the contralateral proximal femur.
This confirms the severe course of the disease
in this patient category, leading to shortening
and thickening of the femoral neck with the
formation of a high greater trochanter position.
In our opinion, these processes are associated
with the suppression of the epiphyseal growth
plate function and the normal growth function
of the greater trochanter. The femoral head
sphericity index on the affected side was

significantly higher than the corresponding
values on the intact side (p<0.05), whereas
the acetabular sphericity index showed no
significant differences (p>0.05). At the same
time, the formation of severe femoral head
deformity leads to the impaired congruence
of the articular surfaces, as indicated by ICAS
values, which significantly differed (p<0.05)
from those of the healthy joint. A pronounced
decrease in Wiberg angle, combined with
an increase in femoral head extrusion from
the acetabulum, expressed as a percentage,
compared to the corresponding values in the
healthy joint (p<0.05), can be interpreted as a
developed hip subluxation.

In more than half of the patients, a disruption
of Shenton line was diagnosed on the affected
side. Most authors interpret this as an indication
of altered hip joint congruence, manifesting as
subluxation or dislocation, which is particularly
evident in cases of the hip dysplasia of grades
II-1V [28, 29, 30]. At the same time, it should
be noted that all patients had X-rays of the
hip joints in AP view with the affected limb
positioned in external rotation due to the
essentially absent range of internal rotation. In
this clinical scenario, the disruption of Shenton
line is inevitable and, in our opinion, cannot be
considered a reliable diagnostic criterion for
assessing articular congruence in this patient
category.

The conducted correlation analysis revealed
strong positive relationships between the values
of Tonnis and Sharp angles and the femoral head
extrusion index, with correlation coefficients of
p =0.87 and p = 0.82, respectively.

The performed regression analysis showed
that the coefficient of determination (R?)
for the relationship between the parameters
characterizing the anatomical structure of the
acetabulum and the femoral head extrusion
index exceeded 0.7. There were no significant
differences between the linear and quadratic
models, which brought the studied parameters
closer to linear regression. The approximation
is considered good, as more than 70% of the
sample can be explained by the regression
formula (Figure 3).
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Tonnis angle
16,0
14,0
12,0
10,0
e Observations
— Linear regression
— = Quadratic regression
8,0+
25,0 30,0 35,0 40,0 45,0 50,0 55,0

@ FHEI

Sharp angle

e,
.f,.' e Observations
— Linear regression
440 .I"'l — - Quadratic regression
_‘I" L]
25,0 30,0 35,0 40,0 45,0 50,0 55,0

@ FHEI

Figure 3. Regression analysis results reflecting
the relationship between the indicators that
characterize the anatomical structure of the
acetabulum and the femoral head extrusion index:
a — between Tonnis angle and FHEI;

b — between Sharp angle and FHEI

Based on the results of the MRI, in addition
to confirming the deformation of the cartilage
model of the femoral head, we found that in
patients with Sharp and Tonnis angle values
within the range of normal physiological
variation, the acetabular rim was positioned
horizontally. In contrast, in patients with
Sharp and Tonnis angle values exceeding the
upper limit of normal physiological variation,

a reverse vertical position of the acetabular rim
was observed (Figure 4).

After the surgical reconstruction of the hip
joint, all patients underwent comprehensive
rehabilitation according to a protocol developed
in the clinic [31].

Figure 4. MR image of the acetabular rim position
(marked with an arrow) in patients:

a — values of Sharp and Tonnis angles are within
the average physiological variation (a horizontal
position);

b — values of Sharp and Tonnis angles exceed the
upper limit of the average physiological variation
(a reverse vertical position)

The outcomes of the surgical reconstruction
were evaluated within a follow-up period of 6 to
12 months.

Clinical examination revealed limb shorte-
ning on the operated side in all patients, with
an average length discrepancy of 1.5%0.3 cm.
Goniometric data presented in Table 3 indicate
an improvement in the function of the affected
hip joint, with a significant increase in abduction
and internal rotation range of motion compared
to preoperative values (p<0.05).

A comparative analysis of the radiological
examination results is presented in Table 4.
In some patients, Sharp and ToOnnis angle
values showed negative dynamics, with a more
pronounced exceedance of the upper limit of
reference values compared to the preoperative
measurements (Figure 5).
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Table 3

Patients’ hip goniometry results after surgical reconstruction, deg.

Range of motion of the affected joint,

Range of motion of the healthy joint,

Motion M=SD, M=SD,
Me [Ql_Qg,] Me [QfQ;]
Flexion 109.0+4.0 117.0+4.6
110 [105-115] 120 [115-120]
Abduction 26.0¥4.4 38.0+3.4
25[22.5-30.0] 40 [35-40]
Internal rotation 14.8%4.0 22.6%4.0
15[10-15] 25[20-25]
External rotation 38.0+4.0 33.0+4.8
40 [35-40] 35[30-35]

Table 4

Dynamics of changes in the indices characterizing the radiographic anatomical structure of
the femoral and pelvic components of the hip joint, as well as its stability, in children
after hip reconstruction surgery

Time
Parameter Immediately after surgery, 6-12 moths after surgery,
M#SD, M#SD,
Me [Ql_Qg] Me [Ql_Qz]
Sharp angle, deg. 50.8%3.2 52.0%£5.2
52 [48.3-53.0] 53 [46.0-56.5]
Tonnis angle, deg. 11.9+2.7 14.1+5
12.5[9.0-14.8] 14.5[9-18.6]
NSA, deg. 130.8+2.5 131.0+2.4
131 [129-132] 131 [130-132]
ATD, mm 14£0.9 15.6%2.4
14 [13.5-14.8] 15[14.0-174]
ISA 1.0+0.1 1.00£0.15
1[0.95-1.1] 1[0.95-1.10]
ISH 0.74%0.10 0.76+0.1
0.75[0.7-0.8] 0.76 [0.70-0.83]
ICAS 1.24%0.10 1.3+0.1
1.3[1.1-1.4] 1.3[1.1-1.4]
Wiberg angle, deg. 29.2#1.8 24.4%5.3
29.5 [28-31] 25.5[20.3-28.8]
FHEI, % 21.8+4.2 32+6
23[19.3-25.0] 31.5[26.5-36.5]
Shenton line Undisrupted Undisrupted - 5 patients (25%)
Disruption no more than 5 mm - 4 patients (20%)
Disruption more than 5 mm - 11 patients (55%)
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m Preoperatively m Intraoperatively
60,
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Figure 5. Distribution of Sharp and Tonnis angles
values in patients over time

Radical surgical reconstruction led to a slight
increase in NSA value compared to preoperative
ones (p>0.05), which was not the case for other
parameters. There was a significant increase in
ATD index (p<0.05) due to the distalization of
the greater trochanter. Despite the observed
progression of the lateral acetabular rim
deformity in some patients, the acetabular
sphericity index remained within normal limits
throughout the follow-up period. The values
of femoral head sphericity index changed
significantly after surgery in all patients, falling

_T"'*fi_'

within the range of physiological variation. This
contributed to the restoration of not only the
congruence of the femoral head and acetabular
articular surfaces but also the overall stability
of the hip joint, as evidenced by ICAS, FHEI,
Wiberg angle, and the continuity of Shenton
line immediately after surgical reconstruction.
However, at the 6- to 12-month follow-up, some
patients, primarily those with progressive lateral
acetabular rim deformity, exhibited a decrease
in the intraoperatively achieved Wiberg angle,
an increase in the percentage of femoral head
extrusion from the acetabulum, and varying
degrees of Shenton line disruption. In our
view, these findings indicate the development
of secondary hip subluxation, which may
necessitate surgical stabilization of the hip joint
through a triple pelvic osteotomy (Figure 6).

It should be noted that this radiographic
anatomical condition was observed in the vast
majority of cases in patients who initially had a
reverse vertical position of the acetabular rim.

According to CT scans at 6 to 12 months after
radical reconstructive surgery on the proximal
femur, no cases of postoperative avascular
necrosis of the femoral head were identified.
This indicates the safety of such surgical
interventions when performed with meticulous
adherence to proper technique.

Figure 6. Right hip X-rays (the red dashed line marks the condition of Shenton line):

a — before surgery, incongruent articular surfaces of the femoral head and acetabulum, a moderate deformity
of the lateral acetabular rim, and Shenton line disruption of a maximum of 5 mm are observed,;

b — immediately after femoral head reduction osteotomy, articular surfaces congruence and hip joint stability

are restored;

¢ — 8 months after surgery, the formation of hip subluxation (progressive lateral acetabular rim deformity,

Shenton line disruption more than 5 mm) is observed
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DISCUSSION

The outcome of Perthes disease directly depends
on the volume and localization of necrotic focus
in the femoral head [32]. In cases where the
disease outcome corresponds to classes IV and V
according to the S.D. Stulberg classification,
severe deformation of the femoral head develops,
accompanied by articular incongruity and joint
subluxation. According to global literature
data, without adequate surgical treatment, this
condition leads to femoroacetabular impinge-
ment and early hip osteoarthritis [33, 34, 35, 36,
37, 38, 39]. Currently, for children with disease
outcomes corresponding to class III in the S.D.
Stulberg classification, both the arthroscopic
correction of femoral head sphericity
abnormalities and the technique of safe surgical
hip dislocation are successfully used [40, 41, 42,
43,44, 45].

Approaches to the surgical correction of severe
deformities of the proximal femoral epiphysis and
articular incongruity in the hip joint (Stulberg
classes IV and V) remained highly debatable
until the first description of the technique and
feasibility of femoral head reduction osteotomy.
There is no doubt that this technique has
significantly expanded the capabilities of
orthopedic surgeons in providing medical care
to this severely affected patient group. Several
researchers, including the author of the paper,
have convincingly demonstrated its safety and
high potential for correcting severe femoral
head deformities while restoring the articular
congruence [23, 24, 46, 47, 48, 49]. At the same
time, the complexity of the surgical technique,
requiring a high level of knowledge in topogra-
phic anatomy of the vessels supplying the femoral
head, along with a prolonged learning curve,
somewhat limits its widespread application.
A search in available scientific databases
identified no more than 12 publications on this
topic, most of which are case-control studies with
small patient cohorts. The treatment outcomes
of all patients included in our study, assessed
by the intraoperative correction of femoral head
shape, restoration of articular congruence and
overall hip joint stability, as well as the absence of
postoperative aseptic necrosis, fully correspond
to the data reported in world literature. However,
the development of secondary hip subluxation
in some patients after surgical treatment, in

our opinion, requires further investigation of its
causes. Some authors describe supplementing
femoral head reduction osteotomy with triple
or periacetabular pelvic osteotomy, justified by
persistent or newly developed hip subluxation,
verified either during intraoperative radiographic
control or in the early postoperative period. The
main indication for periarticular intervention is
disruption of Shenton line [23, 50, 51].

To date, only two studies have been dedicated
to the simultaneous performance of femoral
head reduction osteotomy in combination with
periacetabular pelvic osteotomy in children with
severe femoral head deformity and articular
incongruity [52, 53]. Despite a relatively long
follow-up period (ranging from 23 to 56 months
postoperatively), both studies included a very
limited number of patients. The study by
J.C. Clohisy et al. involved 6 patients, while that
by K. Gharanizadeh et al. included 4 patients.
It is also noteworthy that, despite the preopera-
tive radiometric assessment of key hip joint
structural and stability parameters, the necessity
for periacetabular osteotomy was determined
intraoperatively based on fluoroscopic imaging of
the affected joint in various views.

Based on the findings of our study, as well as
on the analysis of global literature data,
we believe that the primary predictors of
secondary hip subluxation following femoral
head reduction osteotomy are the deformation
of the lateral acetabular rim (exceeding the
upper limit of the normal physiological range
of Tonnis and Sharp angles) and its reversed
vertical orientation.

Study limitations

This study is limited by a short follow-up period,
a relatively small number of patients, and the
current lack of mid-term outcomes following
subsequent stabilizing interventions on the hip
joint. Further research is planned to develop
an algorithm for selecting the optimal surgical
treatment approach for this patient category.

CONCLUSIONS

The femoral head reduction osteotomy, when
performed with proper surgical technique, is a safe
procedure in terms of the risk of postoperative
aseptic necrosis and serves as an effective
reconstructive method for treating children with
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severe saddle-shaped deformity of the femoral
head and articular incongruity. This approach
allows for the restoration of the radiographic
anatomical structure of the affected proximal
femur to parameters comparable to those of a
healthy side, as well as for the reestablishment
of the congruence and stability of the hip joint.
In patients with a reverse vertical orientation
of the acetabular rim and Tonnis and Sharp
angle values exceeding the upper limit of the
physiological norm, the femoral head reduction
osteotomy most often results in secondary
subluxation, necessitating subsequent surgical
stabilization through triple or periacetabular
pelvic osteotomy. Given this consideration, we
believe that for patients with such radiographic
anatomical features, it is advisable to evaluate the
feasibility of performing reconstructive surgery
on both the femoral and pelvic components of
the joint in a single surgical intervention after a
critical analysis of potential risks. In our opinion,
these surgical treatment methods for children
should be performed under strict indications
in specialized departments of federal-level
institutions, where specialists have undergone
extensive training and prolonged learning curve.
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