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Tyiiingeme

CraHmapTTbl OHANTY TEepanmsIChIHA KOCBIMINA pPETiHZe IepeOpanbasl cal aypyblHA IIAIIBIKKAH
Oanayapbl OHAITYAa POOOTTHI TEXHOJOTHSIIAP OSJICEH Tl KOJITaHbLIAIBI.

By makanaHblH MakcaThl - COHFBI 10 >KbUTAAFbl 1epeOpalibabl call aypybl O6ap Oanamapaa Xypyai
KaJllIbIHA KeNTipy/e poOOTTHIK TEXHOJIOTUSIIAPAbI KOJNJaHy OOWBIHINIA 3epTTEYJIepIiH HOTHXKENepiHe L0y
xKacay.

PubMed, Embase, Cochrane Library 2014-2024 >xpuigapra apHaJFaH AEPEKKOpJaphl, COHIai-aK
KazakcTaHHBIH YITTBIK CTAaTHCTHKAachl MaiianaHsuiasl. LlepeOpanpabl can aypysl Oap Oanamapaa xypy
OY3BUIBICTAPBIH KAIIBIHA KENTipyle pPoOOTTHI >KyHenlepai KOJNaHy Typaibl OasHmanraH 14 0OachUIbIM
TaHaJIbL.

PoOOTTBI OKBITY OHE XKYPY OY3bUIBICTAPBIH TY3€Ty CTaHAAPTTHl OHAITYyFa KOCBHIMIIA PETiHIE
OeJIceH Tl TYpIe KOJIAaHBUIAIbI )KOHE OH dcepliepiH KOPCETTI.

JlerenmeH, poOOTOTEXHHKANAFbl »aHA JKETICTIKTEpMAi, OHBIH INIiHAE >AacaHIbl WHTEIICKTTI
naiaNayabl €CKepe OTBIPHIN, POOOTTHIK TEXHOJIOTHUSUIAPBIH KIMHUKAIBIK THIMIUIITIH OaH opi 3epTTey
KaXerT.

Tyiinai ce3nep: mepeOpababl cal aypybl, pOOOTTHI TEXHOJIOTHSIIAP, POOOTTH OHAITY

POBOTHU3UPOBAHHAS PEABUIMTAIIUAS ITIOXOAKH ¥V JIETEM C IEPEBPAJIBHBIM
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Pesiome

PoboTn3npoBanHbIe TEXHOIOTHH aKTUBHO NMPUMEHSIOTCS B peaOMIMTAIlNU AETeH ¢ IepeOpaibHbIM
napaJu4oM KakK JOTIOJTHEHHE K CTaHZ[apTHOﬁ BOCCTAaHOBUTEILHOM TCparuu.

Ilenpto JnaHHOW CTaThU SIBIACTCS 0030p pE3yJAbTAaTOB HCCICNOBAaHHA IO HCIOIB30BAHUIO
POOOTH3NPOBAHHBIX TEXHOJOTHH B peadWIMTANM XOABOBI y HeTed ¢ NepeOpalbHBIM MapajndoM 3a
nocnensue 10 ner.

Hcnons3oBanst 6a3b1 nanaeix PubMed, Embase, Cochrane Library 3a nmepuon 2014-2024 rr., a Takxe
HanuoHabHas ctatucTika Kazaxcrana. beuto oroOpano geTsIpHaATh MyOIMKALNHA, B KOTOPBIX COOOIIANI0CH
00 WCHONB30BaHUM POOOTH3MPOBAHHBIX CHCTEM B peaOWINTalMH HapyOIeHHMH XoAbObl y JeTell ¢
epeOpaIbHBIM MapaIunIoM.

PoGoTtm3npoBanHOe 00yueHHE 1 KOPPEKINS HAPYILIEHUH TIOXOKH aKTUBHO UCIIONB3yeTCs B KaUueCcTBe
JOTIOJTHEHUSI K CTaHJAPTHOM peabMIINTaIMY U IPOIEMOHCTPHPOBAJIa MOJIOKHUTEIbHBIE (P PEKTHI.
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OnHako HEOOXOIUMBI JNanbHENIINe HCCIIENOBAHMUS KJIMHUYECKOMN a¢dexkTuBHOCTH
POOOTH3HPOBAHHBIX TEXHOJOTHHA C yYETOM HOBBIX IOCTIDKCHHH B POOOTOTEXHHWKE B TOM YHCIE C
HCTIOJIb30BAaHAEM UCKYCCTBEHHOTO HHTEIUICKTA.

KaroueBble cioBa: JeTckuid  IepeOpaNBbHBIA  TMapanud, pOOOTH3MPOBAHHBIC TEXHOJOTHH,
poOOTH3HPOBaHHAS peaOUITUTAITNS
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Abstract

Robotic technologies are actively used in the rehabilitation of children with cerebral palsy as an
addition to standard rehabilitation therapy.

The purpose of this article is to review the results of studies on the use of robotic technologies in the
rehabilitation of walking in children with cerebral palsy over the past 10 years. Databases such as PubMed,
Embase, and Cochrane Library were used for the period 2014-2024, along with national statistics from
Kazakhstan. Fourteen publications were selected that reported the use of robotic systems in the rehabilitation
of walking disorders in children with cerebral palsy.

Robotic training and correction of gait disorders is actively used as an addition to standard
rehabilitation and has demonstrated positive effects.

However, further research is needed on the clinical effectiveness of robotic technologies, considering
new advancements in robotics, including the use of artificial intelligence.
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Introduction

In Kazakhstan, the children's rehabilitation service functions within the framework of Compulsory
Social Health Insurance and is supported by rehabilitation centers across all regions. Over the past five years,
the number of specialized children’s rehabilitation centers has tripled [1].

By December 2024, the number of children with disabilities reached 114,727, of whom 16% were
diagnosed with cerebral palsy (CP)—a 5% decrease over the past two years [1]. CP remains the most frequent
cause of childhood disability among neurological disorders. It is a non-progressive disorder of movement and
posture resulting from fetal or infant brain damage. CP is often associated with sensory, perceptual, cognitive,
and musculoskeletal complications.

Rehabilitation aims to preserve or restore impaired functions and enhance quality of life and
independence. Standard CP therapy addresses motor, sensory, and cognitive deficits [2]. In children with CP,
walking independence is critical to achieving functional autonomy.

Robotic rehabilitation in Kazakhstan

Robotic kinesitherapy was introduced in Kazakhstan in 2011 as an adjunct to traditional rehabilitation.
One of the first systems was the Lokomat® (Hocoma, Switzerland), a robotic exoskeleton system incorporating
a treadmill, orthoses, and body weight support. This system and others have since become essential tools in
gait training programs.
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Review objective and methodology

This review examines studies from 2014-2024 on the use of robotic gait rehabilitation systems,
especially Lokomat®, in children with CP. Literature was identified via PubMed, Embase, Cochrane Library,
and national Kazakhstani health statistics.

Fourteen publications were selected based on their focus on robotic gait systems in pediatric CP
rehabilitation.

Literature review

Robotic gait rehabilitation, particularly through the use of Lokomat® systems, has been the subject of
growing interest over the past decade in pediatric cerebral palsy (CP) treatment. A significant contribution in
this area was made by Aurich-Schuler et al., who developed detailed clinical guidelines for the use of
Lokomat® within an individualized therapy model tailored to children with CP [3]. Their recommendations
emphasized the need for personalized programming and goal-setting to optimize outcomes. Similarly, Ryan
et al. investigated the instructional strategies employed by physical therapists during robotic-assisted gait
training [4]. Their findings revealed the importance of a structured, decision-based approach that considers
both child-specific goals and therapist expertise to guide session design and progression.

Expanding on the clinical potential of robotic rehabilitation, Llamas-Ramos et al. conducted a
systematic review of seven randomized controlled trials (RCTs), concluding that robotic gait devices are
effective adjuncts to conventional therapy. However, they highlighted the need for more consistent study
designs and outcome measures to strengthen evidence of efficacy [5]. Blazkiewicz and Hadamus provided
further support through a clinical trial involving 26 pediatric CP patients, in which robotic therapy led to
significant improvements in the number of steps taken and walking distance—key indicators of enhanced
mobility [6].

Meta-analytical data by Wang et al. offered a broader perspective by analyzing 14 RCTs [7]. Their
analysis showed statistically significant improvements in gross motor function (GMFM-88 sections D & E),
dynamic balance, and performance in the 6-minute walk test (6MWT). Nonetheless, they noted variability in
outcomes related to spasticity reduction and gait velocity, calling for standardized protocols and larger sample
sizes. Building on this work, Cherni et al. demonstrated in a 12-week trial that robotic-assisted therapy
enhanced muscle strength and walking ability in 12 girls with CP spanning GMFCS levels I-IV [8]. In a
subsequent study, Cherni et al. employed Lokomat®’s L-STIFF tool to measure spasticity during upright
positioning, reporting encouraging trends, though they recommended cautious interpretation due to the
complexity of quantifying muscle tone in dynamic states [9].

The positive influence of robotic therapy on postural control was confirmed by Wallard et al., who
observed improved upper trunk balance during walking in 30 children with bilateral spastic CP [10]. This
benefit is particularly relevant given the importance of trunk stability in gait efficiency and safety. Similarly,
Van Hedel et al. evaluated 67 children across GMFCS levels II to IV and found that those with more severe
functional limitations (especially GMFCS IV) appeared to derive greater benefit from robotic training [11].
This finding suggests that robotic systems may be especially valuable in populations where traditional therapies
yield limited progress.

Adding to the long-term perspective, Weinberger et al. followed 20 children (GMFCS II-III) who
underwent three separate robotic training courses [12]. Their study demonstrated sustained improvements in
gross motor performance and walking function that persisted for up to 21 months after treatment. Such long-
term retention of therapeutic gains underscores the potential of robotic rehabilitation not just as a temporary
intervention, but as a transformative tool for neuromotor development in pediatric CP.

Collectively, these studies illustrate the evolving landscape of robotic rehabilitation in pediatric
neurorehabilitation. While evidence supports its efficacy as an adjunct to traditional therapies, further large-
scale, well-controlled research is essential to define optimal protocols, evaluate cost-effectiveness, and
determine the long-term functional outcomes of robotic interventions in diverse CP populations.

Subtypes of cp and robotic interventions

Robotic gait therapy has been implemented across various CP subtypes:

Spastic Diplegia: Deineko et al. compared traditional treatment with high-tech rehabilitation (HTR)
in 126 children and found HTR significantly enhanced functional outcomes [13]. L. Wallard et al. studied 30
children with bilateral spastic CP for the effect of robotic rehabilitation and maintaining balance of the upper
and lower body [14]. The study showed the effectiveness of "Lokomat®" in controlling upper body balance
during walking.

Bilateral Spastic CP: Klobucka et al. examined 97 patients and found that disability severity, therapy
intensity, and session number were key predictors of success [15].
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Spastic-Ataxic CP: De Luca et al. reported improved GMFM scores and quality of life in 10 children
who received Lokomat® therapy alongside standard rehabilitation [16].

Conclusion

Robotic-assisted gait rehabilitation, particularly using systems like Lokomat®, is a valuable addition
to traditional therapy for children with cerebral palsy. It demonstrates promising clinical improvements in
walking ability, balance, and gross motor function across various severity levels and CP subtypes. However,
the continued development of robotics and more large-scale, high-quality studies are needed to better
understand its clinical value and long-term benefits.
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SPI'OKPECJIOHBI SPTOTEPAINIEBT TOXIPUBECIHAE KOJIJIAHY:
MYJbTU®YHKINOHAJIBLIBIK " KOHE MYMKIHIKTEP

Funnsr A. !, AnreintexoBa A.T. 2 Banra6aesa A.T.%, Ecnin6aesa A.M.4

' «¥nrTeIK Gananapael oHanty opransirsy KeAK Backapma teparacel, Acrana, Kazakcran.
2 «¥nTTHIK Oananapasl OHaNTy opTaitbirbdy KeAK Memnunuuansk Oemim skeninmeri backapma TeparachiHBIH
opsiHOacapsl, Actana, Kazakcras.
3 «¥nTTHIK Gamamapapl OHANTY OpTaNbIFby KeAK OleyMeTTiK-IIeIarorukansk OHANTY 0acKapMachIHBIH
Oacubicel, ActaHa, Ka3zakcraH.
4 e . ..

«¥nTTHIK Oananmapapl oHanTy optanbirbdy KeAK MHkIr03uBTI OiniM Oepy, oneyMeTTik OeiliMaey skoHe
sproTepanus 9icreMenik OeiMiHiH 3prorepanesi, Acrana, Kasaxkcras.

Tyitingeme

Muxmo3uBTi 6is1iM OepyaiH XKoHE JEHCAYNBIK CaKTay MYMKIHIIKTEpi MIEKTeyi Oananap/sl KeIIeH i
OHANTYABIH Ka3ipri >karmaiblHaa (PYHKIIMOHAIIBIK TOYEJCI3IIKTI KAIBINTACTHIPYFa KOHE KOJIIayFa BIKIal
eTeTiH KOMEKIIll TeXHUKANBIK Kypalaap/sl maiifanaHy epekiie MaHbl3ra ue. OChIHIaM KypanmapisH Oipi-
KJIMHUKAIBIK >KoHE OimiM Oepy NpakTHKachIHAA 3prorepameBTep OeJCeHAlI KOJAaHAThIH "Dproxpecio"”
OpBIHABIFEL. OPBIHIBIK IEHETe KeKe-KeKe KOIIay KepceTemi, (PH3HONIOTISUIBIK TYPFBIIaH TYPHIC OTHIPYIBIH
KaJIBINITACYbIHA BIKMAT €TeJl, OYIIMIBIKET KEpHEYIH TOMEHJETEIl JKoHEe OallaHbIH KYHICHIKTI OelceHITIK
JICHI'eHiH apTTRIPasl. "OProkpecso” OpbIHIBIFEIH KOJIAHy 3proTepaneBTTepre Oanara OarbITTaIFaH TEPAIHsI
MIHJICTTEPIH XKY3ere achlpyFa, OKY JKoHE OHBIH OPTACHIH op OallaHbIH JKEKe epeKIIeiKTepiHe cai OeliMaeyre,
COHJIali-aK ©31He-031 KbI3MET KOPCETY JAaFAbUIaPhIH CaKTayFa JKOHE IaMbITyFa MYMKIHIIK Oepei.

Meniy 3eprTeyiepiM MeH OakpuiaylapbiMa caid, cabak OapbIChiHAAa "DProkpecio” OpBIHABIFbIH
KOJJIaHYy YCaK MOTOPWKAHBIH JAaMyblHa, 3€HIHHIH >KaKCapyblHa, OTHIPYIbIH TYPaKTBUIBIFBIHA JKOHE KYMBIC
OappICBIHIA KO MEH Ke3 VillleCyiHiH OH ocepiH kepceryme. Ochblmaiiia, Dprokpecio OpBIHIBIFBIH
KOJITAHY/IBIH ©3€KT1IIr1 OHBIH MYJIbTU(YHKIIMOHATABUTBIFBIHA, THIMIUTITIHE )KOHE epeKIle KKeTTIIiKTepi 6ap
Oananapbl SproTepaneBTiK CyleMenJiey/IiH 3aMaHayH TalanTapblHa COMKeC KelyiHe OalIaHbICTHI.

Tyiiin ce3mep: sprorepanws, OeiiMIeTy TEXHUKACH, MYMKIHIITI MEKTeYi Oananap, 3pro OpeIHABIK,
MYJIBTH(YKINOHAIIBUIBIK, OTBIPY M03aChl, (PYHKIIMOHAJIIBIK TOYENCi3AiK, HHKIIO3UBTI OiTiM Oepy, OHamuTy,
SPrOHOMHKA, TEXHUKAJIBIK OHAIITY KypaJiaphbl.
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