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Abstract

Introduction. Legg—Calvé—Perthes disease (LCPD) is one of the most common pediatric osteochondropathies and is
characterized by aseptic necrosis of the femoral head epiphysis followed by stage-dependent remodeling. The disease
results in impaired hip joint congruency, development of range-of-motion limitations, pain syndrome, and an abnormal gait
pattern.

Materials and Methods A prospective non-randomized controlled clinical trial. At this stage, 36 patients diagnosed with
Legg-Calvé-Perthes disease were included and allocated according to the treatment method: the main group comprised 15
children, and the control group comprised 21 children. Primary data were obtained from inpatient medical records (Form No.
003/u).

Results. Both groups demonstrated a positive trend in hip joint functional status; however, improvement was more
pronounced in the main group, with progression to the level of full compensation. Intergroup differences were statistically
significant (p < 0.001).

Conclusions. Comprehensive treatment of Legg-Calvé—Perthes disease in children provided a statistically significant
improvement in hip joint functional status in the long-term follow-up period. In the main group, outcomes assessed by the
mHHS and Tsykunov scales were significantly higher than those in the control group.
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"HAO «MeguumHckui yHuBepcuteT Cemeir», r. Cemenr, Pecny6nuka KasaxcraH;

2 HAO «MeauumHckuin yHuBepcuteT AcTaHa», r. ActaHa, Pecny6nuka KasaxcTaH;

3 MexxayHapoAHbIn Hay4yHbin LleHTp TpaBaTtonorum u Optoneaun, r. Anmarthbl, Pecny6nuka KasaxcTah;
4 HauunoHanbHbIN Hay4YHbIW LLeHTP TpaBMaTosiorMm u oproneaun uMmeHun akagemuka H.[l. BatneHoBa,
r. ActaHa, Pecny6nuka KasaxcraH.

BsepeHue. Bonestb flerra-Kanbee—Tepteca (BIKIM) otHocuTes k Hanbonee pacnpocTpaHEHHbIM OCTEOXOHAPONATUAM
LETCKOro BO3pacTa M XapakTepuayeTcsi acenTUYeckuM HEKPO3OM anucn3a ronoBkv BeapeHHO KOCTU C MOCreayHwmm
CTaOWiHbIM pemogenupoBaHnem. 3aboneBaHne NPUBOLUT K HAPYLUEHWK KOHrPY3HTHOCTM Ta3obedpeHHOro CycTasa,
(hOPMMPOBAHWIO OrPaHNYEHIIA ABWKEHWI, BONEBOro CMHAPOMA 1 NATONOMYECKOr0 CTepeoTMna Xoab0bI.

Matepuanbl U Metoabl. POCMNEKTUBHOE HEPaHAOMU3UPOBAHHOE KOHTPOMMPYEMOE KMWHWYECKOe uccregoBaHue. Ha
[aHHOM 3Tane B WCCNeA0BaHME BKITIOYEHO 36 NaUMeHTOB ¢ AuarHo3om 6onesnu flerra—Kanbee-lNepTeca, pacnpeaeneque
KOTOPbIX OCYLLECTBMANOCH B 3aBUCMMOCTM OT NMPUMEHEHHOMO METOLa NeYeHMUs: OCHOBHas rpynna — 15 getel, KOHTPONbHas
— 21 peBEHOK. MCTOYHMKOM NEPBUYHOI WHPOPMaLMKM SBNSNUCH MEAMLMHCKME KapTbl CTaUMOHApHbIX GonbHbIX (opma
Ne003/y).
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PesynbTatbl. B 0b6eux rpynnax oTmMeyeHa NonoxuTensHas AnHamuka (yHKLMOHAMBHOTO COCTOSHWS Ta3obegpeHHoro
cycTaBa, OAHaKO y MaLMEHTOB OCHOBHOW rpynmbl yryyweHne Bbino 6ornee BbIpaxXeHHbIM, C NEPEXOLOM K YPOBHIO MONHOM
komneHcauun. Pasnuuns mexay rpynnamu Bbinu ctatucTuiecku 3Hadumbimm (p<0,001).

BuiBogbl. KomnnekcHoe neveHue 6onesqu flerra—Kanbee—lepTeca y geteit obecneunno CTaTUCTUYECKM 3HAYUMOE
ynyyleHne (YHKUMOHANBHOTO COCTOSIHUS Ta3o0e4peHHOro CycTaBa B OTAaneHHOM nepuoge HabmnwogeHus, npu 3ToM B
OCHOBHOW rpynne pesynbTaTthl No Wkanam mHHS 1 LibikyHoBa Obin 4OCTOBEPHO BbILLE MO CPABHEHMIO C KOHTPOIBHOA.

Knroyeenie cnosa: bonesHsb Jleze-Kanbge-lepmeca, Modified Harris Hip score, knaccugbukayus no Stulbery.
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L“Cemeit meauumHa yHuBepcuTteTi» KEAK, Cemeit K., KazakctaH Pecny6nukachbi;

2 «ActaHa meguumHa YHuBepcuteTi» KEAK, AcTtaHa K., KazakctaH Pecny6nukachbi;

3 Xanbmapanbm TpaBMaTonornsa XxoHe optoneaus fbiNibiIMU opTanbifbl. AnmaTbl K.y Ka3aKCTaH
Pecny6nukacsbl.

4 Akapemuk H.[l. BatneHoB aTbiHAAFbI ¥NTTbIK TPaBMaTONOrUA JKaHe opToneAus FbifbIMU OpTanbifbl,
AcTaHa K., KasakctaH Pecny6nukacel.

Kipicne. Jlerr—-Kanbee-Tleptec aypybl (JIKINA) 6ananap xacblHgarbl eH Xui ke3aeceTiH 0CTeOXoHAponaTusAnapablH, Gipi
Oonbin Tabbinagbl XoHe caH cymeri OacbiHblH 3nucM3iHAEe acenTUKanblK HEKPOo3dblH Aamybl, KeWiHHEH Ke3eHaiK
pemoaenaeHyimeH cunattanagbl. Aypy xambac-caH OyblHbIHbIH, KOHMPYSHTTINiriHiH, 6y3blnyblHa, KO3FambiC KeneMiHiH
LUeKTENYiHe, aybIpCbIHY CUHAPOMbIHBIH, Naiaa 60MybIHa XaHe Xypic CTEPEOTUNiHIH, NaTONOMMAMbIK ©3repyiHe anbin Keneai.

Matepuanpgap MeH apictep. 3epTTey [aw3aliHbl GOWbIHWA XYMbIC MPOCMEKTUBTI, paHAoMMU3aumsanaHbaraH,
BakbinaHaTbiH KNWHUKanbIK 3epTTey peTiHae xyprisingi. Ocbl keseHae Jlerr—Kanbee-llepTec aypybl AnarHo3bl KovbinFaH 36
nauueHT 3epTTeyre eHrisingi, onap KonaaHbinFaH emaey apiciHe bannanbicTbl 6eninai: Herisri Tonka 15 6ana, 6aksinay
ToBbiHa 21 6ana erisingi. bacTanksl aknapat kesi peTiHAe CTauMoHaprblK HayKacTapAblH, MeauuMHanblK kaptanapsl
(N2003/y HbicaHbl) NainganaHbIngsl.

Hotuxenep. Exi Tonta ga xambac-caH ByblHbIHbIH, (yHKLWMOHANAbIK XaF4aibiHbIH OH AMHaMukacs! baikangbl, ananga
Heri3ri TonTaFbl MaUMeHTTEPAe XaKCapyAblH aiKbIHAbIIbIFLI XOFapbl GOMbIN, TOMbIK KOMMEHCALWs OeHrefiHe eTyiMeH
cunatTtangsl. TonTap apacblHaarbl aiblpMalLbInbIKTap CTaTUCTUKaNbIK TypFblgaH Manai 6onael (p < 0,001).

KopbITbiHAbINap. bananapparbl Nerr—KanbBe-Tleptec aypybiH KelleHai emaey y3ak MepsiMai 6akbinay keseHiHae
¥ambac-caH OyblHbIHbIH, (YHKUMOHANABIK XaFaalbiHbIH, CTaTUCTUKANbIK TYPFblgaH MBHAI XaKcapyblH KamTamachl3 eTri.
Heriari Tonta mHHS xaHe LibikyHOB Lukananapsl 6oibiHWa HaTuxenep bakbinay ToBbIMEH canbiCTbIpFaHAa CeHiMAi Typae
XoFapbl 6ongpl.

Tytindi ce3dep: Jlece-Kanbse-lepmec aypysi, Modified Harris Hip score, Stulberg knaccughukayusics!.
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Introduction pathogenetic mechanisms [11-13].The condition most

Legg—Calvé-Perthes disease (LCPD) is an idiopathic ~ commonly occurs in children aged 4-8 years, and boys are
avascular necrosis of the femoral head epiphysis in  affected substantially more often than girls [2,6].
children. It belongs to the group of pediatric Despite extensive clinical experience accumulated over
osteochondropathies and is characterized by impaired  decades, the optimal treatment strategy for pediatric LCPD
blood supply followed by stage-dependent bone remodeling ~ continues to be debated [14-17]. Treatment success
[1-3]. The disease leads to loss of hip joint congruency,  depends not only on the selected intervention, but also on
reduced range of motion, pain syndrome, and abnormal gait ~ timely unloading of the affected joint, the ability to restore
patterns in affected children [4-6]. In a proportion of cases,  hip biomechanics, and the quality of the rehabilitation
residual femoral head deformity develops, which markedly ~ program[ 15, 17-18].

increases the likelihood of early degenerative changes of Current concepts increasingly support combined
the hip joint in adulthood [7-10]. approaches that integrate surgical techniques aimed at
To date, the etiology of LCPD remains multifactorial; ~ correcting intra- and periarticular abnormalities and

disturbances of femoral head perfusion and bone trophic ~ improving conditions for femoral head repair, together with
support are considered among the most important  structured early rehabilitation programs designed to restore
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limb function and reduce the
complications [9,11,17].

The aim of the study. To evaluate clinical and
functional results of comprehensive management of Legg—
Calvé—Perthes disease in children.

Materials and Methods. A prospective, non-
randomized, controlled clinical study. The study was
conducted at the Department of Orthopedics and
Rehabilitation of the Municipal State Enterprise
“Multidisciplinary City Children’s Hospital No. 2" (Astana), at
the Center for Diagnosis and Treatment of Rare Bone
Pathology of the “Multidisciplinary Clinic Alanda” LLP
(Astana), and at the Department of Orthopedics No. 2 of the
Corporate Fund “University Medical Center” (Astana) during
the period from 2018 to 2024.

Approval for the study was obtained from the Local
Ethics Committee of the Non-Commercial Joint-Stock
Company “Semey Medical University” (Protocol No. 2 dated
October 25, 2018). At the current stage, 36 patients
diagnosed with Legg—Calvé-Perthes disease were
included. Group allocation was determined by the treatment
method: the main group comprised 15 children, while the
control group included 21 children. Primary data were
obtained from inpatient medical records (Form No. 003/u).
The allocation of patients into study groups was carried out
on the basis of informed consent obtained from their legal
representatives. Parents (or legal guardians) were provided
with detailed information regarding the available treatment
options, including an explanation of the treatment
objectives, potential risks, expected outcomes, and possible
complications associated with each method. Following this,
a decision on the treatment approach was made, and
patients were assigned to either the main (intervention)
group or the control group accordingly. The inclusion
criteria; patient age 7 to 17 years 11 months, stage II-lll
disease, and provision of informed consent for the use of
the developed surgical approach (main group). Exclusion
criteria were: age below 7 years, stages |, IV, and V of
Legg—Calvé-Perthes disease, and incomplete diagnostic
evaluation.

In the main group, surgical treatment was performed
using an external fixation device with a distraction system.
In the control group, a conventional surgical technique was
applied, consisting of tunneling of the femoral head and
neck with subsequent insertion of autologous cancellous
bone graft [19]. The age at the time of surgery (both the
developed and traditional methods) ranged from 7 to 11
years.

Treatment effectiveness was assessed starting from
hospital discharge, with follow-up evaluations at 3, 6, and
12 months. Outcome analysis was performed for all
included patients based on comprehensive clinical
examination data and assessment of lower-limb functional
status.

A comprehensive clinical and functional evaluation of
the hip joint was conducted using the method proposed by
Professor M.B. Tsykunov [20], which provides a quantitative
assessment of pain severity, range of motion, gait
characteristics, weight-bearing capacity, muscle atrophy,
and limb length discrepancy.

Given the disabling nature of Legg-Calvé-Perthes
disease in children, quality-of-ife assessment was

risk of secondary
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incorporated into the study protocol. For evaluation of
quality of life and functional hip status, the Modified Harris
Hip Score (mHHS) questionnaire was used.

Development of an early rehabilitation algorithm after
the use of an external fixation distraction system

An early rehabilitation protocol was developed to
enhance functional recovery of the hip joint in children after
surgical treatment of Legg—Calvé—Perthes disease, as well
as to prevent muscle hypotrophy and reduce the risk of
persistent contractures. The program was implemented
both during limb fixation in the external fixator and after
device removal, ensuring continuity of rehabilitation
interventions throughout all stages of treatment [20-22].

The rehabilitation program was initiated on the first
postoperative day. Patients were prescribed breathing
exercises and were instructed in basic self-care activities
and safe ambulation with crutches (standing up and moving
within the ward), with mandatory supervision of proper load
distribution and correct positioning/support of the operated
limb. Isometric exercises were typically started on
postoperative day 4, after reduction of the acute
postoperative pain syndrome.

The exercise program
components:

Exercise 1. Isometric contraction of the hip abductors.
A 5-8 c¢m support block was used. The patient placed the
unaffected limb on the block and additionally supported the
body with the hands, performing an isometric contraction of
the abductor muscles of the operated limb without active
movement. Each contraction was held for 3-5 seconds,
followed by relaxation for 5-7 seconds. The exercise was
performed for 8-10 repetitions in 2-3 sets.

Exercise 2. Isometric contraction of hip extensors
(gluteal muscles). In the supine position (or prone position
depending on the fixator configuration), the patient
performed isometric gluteal activation without motion at the
hip joint. The regimen included 3-5 seconds of contraction,
5-7 seconds of relaxation, 8-10 repetitions, and 2-3 sets.

Exercise 3. Isometric contraction of the hip adductors.
In the supine position, a soft roll was placed between the
knees, which the patient compressed without movement in
the hip joints. The protocol was similar: 8-10 repetitions and
2-3 sets.

Neuromuscular electrical stimulation was initiated on
postoperative days 4-5 in the absence of inflammatory
complications and provided stable fixation within the
external fixator. Isometric exercises represented the core
component of early rehabilitation and were performed daily
throughout the period of restricted active motion, which
averaged 3-4 weeks. Subsequently, a gradual transition to
active and dynamic therapeutic exercises was carried out.

Active exercises and dynamic physiotherapy were
introduced after removal of the external fixation distraction
system and restoration of stability of the osteoarticular
structures. During the first two weeks, continuous passive
motion (CPM) therapy of the hip joint was used as a
mechanotherapy modality. Regular sessions facilitated
early improvement in range of motion, reduction of swelling,
enhancement of blood supply, and alleviation of pain. CPM
therapy was generally well tolerated and was typically
associated with minimal or no pain.

included the following
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Therapeutic exercises were predominantly performed in
the supine position. All movements were carried out
smoothly and at a slow pace, avoiding abrupt actions and
excessive muscle strain. An important element of training
was instruction in proper breathing: inhalation was mainly
synchronized with the contraction phase, whereas
exhalation corresponded to relaxation. Exercises were
performed in 8-10 repetitions for 2-3 sets (Figures 1-4).

L
Figure 1. Starting position for the exercise.

Exercise No. 6. This calf muscle exercise was initiated
immediately after recovery from anesthesia following
removal of the external fixation distraction system. The
patient performed gentle ankle movements by pulling the
foot toward the body (dorsiflexion) and pushing it away
(plantar flexion) with mild muscle tension.

Exercise No. 7. Hip abduction of the operated limb was
performed within a range of up to 15° without lifting the leg
from the bed surface. The pelvic reference points remained
unchanged during the movement, indicating the absence of
pelvic shift while performing the exercise (Figure 2).

Exercise No.8. With the knee flexed and the heel used
as a support point, the patient performed a circular
movement to slightly lift the “hip point” on the unaffected
side. The operated lower limb remained immobile.
Subsequently, the lower limb was rotated inward up to the
“knee point,” directing the movement toward the healthy
side (Figure 3a, b).
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Exercise No.9. Simultaneous maximal inward

movement of both “knee points and feet,” followed by
returning the limbs back to the initial position. The exercise
was limited to the reverse movement only (Figure 4).

?E*A/ Q . A S _ ~
Figure 4. lllustration of Exercise No. 9.

Exercise No.10. This exercise was performed under
the supervision of a physiotherapy instructor. The patient
was asked to carefully lift the operated limb with the knee
flexed, gradually increasing the elevation to an individually
tolerated level.

Exercise No.11. With the operated limb placed on a
support block and the patient bearing weight on the hands,
an isometric contraction of the hip adductor muscles was
performed, holding the contraction for 1-3 seconds.

Exercise No.12. The patient supported the body with
the hands while the operated limb, flexed at the hip joint,
was positioned on a support block. Isometric contraction of
the hip flexor muscles was then performed. The protocol
included 5-10 repetitions performed 5-10 times per day.
The height of the support block was increased gradually as
functional capacity improved.

This exercise set was aimed at strengthening the flexor
and extensor muscle groups of the lower limbs, improving
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coordination, and movement
patterns.

Exercise No.13. Sit-to-stand transfer. To perform the
exercise, the patient leaned the trunk forward, initiated a
partial rise, and then fully extended to the standing position.
Crutch length was individually adjusted according to the
patient's height to ensure correct posture while standing.
The feet were positioned parallel, and weight bearing was
distributed on both limbs with gradual involvement of the
affected side.

Exercise No.14. Stair ascent and descent without using
handrails. Initially, the unaffected limb was placed on the
step while the operated limb was slightly lifted. The crutches
were then moved, followed by placement of the operated
limb onto the next step.

restoring  physiological

Starting from day 15 after removal of the distraction
system, patients were allowed to perform water-based
exercises aimed at gentle muscle activation without axial
overload. After 6-8 weeks, stationary cycling without
resistance was prescribed for 3—10 minutes, 1-2 times per
day, under specialist supervision.

The active rehabilitation phase lasted from 6 to 12
months or longer. During this period, a gradual increase in
active load on the lower extremities was implemented. After
radiological confirmation of completion of reparative
processes (reconvalescence stage), patients were allowed
to walk without crutches.

Results

The results of hip joint functional assessment using the
Tsykunov scale in both groups before treatment and at
long-term  follow-up are presented in Table 1.

Table 1.

Distribution of patients according to the Tsykunov scale in the two groups.

Group Before treatment After 12 months p (W test, within the group)
Main group (n=15), Me [Q1-Q3] 2,812,7; 3,0] 4,51[4,2;4,6] p = 0,001
Control group (n=21), Me [Q1-Q3] 2,81[2,7;3,0] 3,3[3,1;3,8] p < 0,001

According to Table 1, before treatment the integral
score on the M.B. Tsykunov scale was comparable in the
main and control groups and corresponded to a
decompensated level of hip joint function: Me 2.8 [2.7; 3.0]
in both groups.

In the main group, a pronounced improvement in hip
joint function was observed, reaching values consistent with
complete functional compensation: Me 4.5 [4.2; 4.6]. The
within-group change was statistically significant (Wilcoxon
signed-rank test, p = 0.001).

In the control group, a significant increase in the
Tsykunov integral score was also identified: Me 3.3 [3.1;
3.8], which corresponds to a subcompensated functional
level. Differences compared with baseline were statistically
significant (Wilcoxon signed-rank test, p < 0.001).

Thus, both groups demonstrated positive functional
dynamics of the hip joint; however, improvement was more
substantial in the main group, with progression to complete
functional compensation.

Between-group  differences became distinct and
statistically significant. In the main group, the proportion of
patients with good and excellent outcomes reached 100%,
whereas in the control group similar results were observed
only in 38.1% of children (p < 0.001) (Table 2).

Functional assessment using the mHHS at 12 months
showed that the median value in the main group reached 89
[88-90] points, corresponding to a good-to-excellent level of
recovery. In the control group, the median was 77 [70-81]
points, reflecting predominantly satisfactory functional
outcomes. The differences between the groups were
statistically significant (p < 0.001).

Table 2.

Pain score dynamics in children with Legg-Calvé-Perthes disease according to the mHHS scale at 12 months of

treatment in the compared groups.

Grades l\{lzz/l’r)\’gnrﬂtgp C(()rl}(’r)c? Ing_r201up Statistical test
Excellent 6 (40,0) 2(9,5)
Good 9 (60,0) 6 (28,6) F, p =0,001
Satisfactory 0(0) 10 (47,6)
Unsatisfactory 0(0) 3(14,3)

The mHHS assesses hip joint function from the patient’s
perspective and reflects a subjective evaluation of pain
severity and limitations in daily activities, whereas the M.B.
Tsykunov scale is a clinician-based tool designed for an
objective characterization of the orthopedic status. The
combined use of these instruments provided a
comprehensive and multidimensional assessment of the
effectiveness of the applied treatment.

Discussion

The findings of this prospective study demonstrate that
comprehensive management of Legg-Calvé—Perthes
disease in children leads to a pronounced improvement in
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hip joint function over a 12-month follow-up period.
However, the extent of recovery was strongly influenced by
the treatment strategy applied. The most substantial
differences between the compared groups were observed
at 12 months, suggesting a cumulative effect of treatment
and rehabilitation interventions, which is consistent with the
stage-dependent course of the disease and the prolonged
nature of femoral head reparative remodeling.

Functional assessment using the mHHS at 12 months
revealed a statistically significant advantage in the main
group: the median score was 89 [88-90] points compared
with 77 [70-81] points in the control group (p < 0.001).
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These values indicate that patients in the main group
achieved outcomes within the “good-to-excellent” range,
whereas functional results in the control group were
predominantly “satisfactory.” A similar trend was found
when analyzing outcome categories: 100% of children in
the main group had good or excellent results, while this
proportion reached only 38.1% in the control group (p <
0.001). Therefore, the observed differences were not only
statistically ~significant but also clinically meaningful,
reflecting tangible improvements in daily activity
performance, walking tolerance, and pain reduction.

Additional evidence supporting the effectiveness of the
comprehensive approach was provided by the dynamics of
the integral score on the M.B. Tsykunov scale. This
clinician-based assessment tool enables quantitative
characterization of the orthopedic status. At baseline, both
groups had comparable values (Me 2.8 [2.7; 3.0]),
indicating severe functional impairment and hip
decompensation prior to treatment. At 12 months, the main
group reached 4.5 [4.2; 4.6], corresponding to complete
functional compensation, whereas the control group
improved to 3.3 [3.1; 3.8], which reflects a subcompensated
functional level. In both groups, within-group improvement
was statistically significant (p = 0.001 and p < 0.001,
respectively). Thus, positive functional changes were
observed in all patients; nevertheless, recovery in the main
group was more pronounced and was accompanied by
progression to a more favorable functional status.

Importantly, the present study evaluated treatment
outcomes using two complementary instruments with
different clinical orientations. The mHHS reflects patient
perception of pain and functional limitations, representing a
patient-reported outcome measure. In contrast, the
Tsykunov scale is based on objective clinical criteria and
characterizes joint status from the physician’s perspective.
The combined use of subjective and objective assessments
reduces the risk of one-sided interpretation, which is
particularly relevant in pediatric orthopedics, where
functional improvement may either precede or lag behind
clinical signs of compensation.

The results suggest that the superior outcomes
observed in the main group were likely driven by two
interrelated factors: the selected surgical strategy and the
structured early rehabilitation program. In Legg-Calvé-
Perthes disease, a key therapeutic goal is to create optimal
conditions for femoral head remodeling while preserving
sphericity and articular congruency. Failure to achieve
these conditions may result in residual deformity, which
determines long-term prognosis and increases the risk of
early hip osteoarthritis. Techniques aimed at unloading the
joint and optimizing biomechanics may reduce intra-articular
compression and promote a more physiological course of
reparative processes. In this context, rehabilitation becomes
critically important, as it supports muscle balance, prevents
contracture formation, and contributes to restoration of
range of motion.

In the present study, early rehabilitation was organized
in a stepwise manner and started from the first
postoperative day. During the initial stage, emphasis was
placed on residual pain reduction, alleviation of muscle
spasm, training in safe mobility, and prevention of muscle
atrophy. The use of isometric exercises under conditions of
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restricted active motion is physiologically justified, as it
maintains neuromuscular activation without imposing
excessive load on the hip joint. The early addition of
neuromuscular electrical stimulation (in the absence of
inflammatory complications) may have further supported
tissue trophic maintenance and improved muscle contractile
capacity. It should be emphasized that preservation of
strength in the hip abductors, flexors, and extensors is a
key determinant of gait recovery and reduction of limping,
which is directly reflected in mHHS outcomes.

A notable finding was that between-group differences
became most evident at the 12-month time point. This
highlights the importance of long-term follow-up in children
with Legg—Calvé-Perthes disease. Early follow-up periods
(3-6 months) may primarily reflect pain reduction and
partial gait improvement, whereas final functional
assessment requires sufficient time for completion of major
reparative remodeling processes. From a practical
standpoint, evaluation of treatment effectiveness in LCPD
should therefore include at least one year of follow-up, and
preferably longer when feasible.

Overall, the results of this study support the clinical
rationale for a comprehensive approach to pediatric Legg—
Calvé-Perthes disease, combining surgical intervention
with a structured early rehabilitation program. The
significant improvement in hip function according to mHHS
and the transition to complete compensation on the
Tsykunov scale in the main group indicate the clinical
effectiveness of the proposed strategy. These findings
suggest that comprehensive treatment may represent a
promising approach to improving quality of life and
functional outcomes in children with LCPD during the first
year of follow-up.

Conclusions. Comprehensive treatment of Legg-
Calvé-Perthes disease in children resulted in a statistically
significant improvement in hip joint function at long-term
follow-up. Moreover, functional outcomes assessed by the
mHHS and Tsykunov scales were significantly higher in the
main group compared with the control group.
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