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HEPEBPAJIJIBIK CAJI AYPY YIIIH )KAHA TEXHOJOTUSUIAPIBI MAMIAJIAHFAH
PEABJIMTAIUAHBIH TUIMALIIT'T: CAJIBICTBIPMAJIBI HHIOJIY

BenoxkonsiToB M.
Iltarran TeIc Ipodeccop, ben-I'ypuon Heres yausepcureti, bup 1lleBa, M3panib

Tyitinaeme

Iepebpanbabl call aypyblHa MANIBIKKAH Oananap/a KO3FalbICThl KAJIIbIHA KEATIpy/Ie KOIAaHbIIAThIH
OPTYPJII  TEXHOJIOTHSUIAPABIH 3KOHOMMKAIBIK THIMILICIH Oarajay, THIMII TEXHOJOTHSIIAPABI, THICTI
WHBECTUIMSUIBIK IIEIIIMAEPAl aHBIKTAY KOHE TePAIeBTIK HOTIDKEIEPAL KaKcapTy.

Marepuajanap MeH aaictep: KonmaseicTarel oneOUeTTEpAl KaH-KAKThl KapacThIpy apKbUIBI
mepeOpanpabl call aypyblH KallblHa KENTipyde KOJINAHBUIATHIH Ka3ipri TEXHOJOTHSUIApPOBl aHBIKTAY.
Kypsuirpinap 6ec Tomka Oeminmi: 1) yikeH, KpIMOAT KYpBUIFBUIAp, 2) OopTalla eJieM/i KYpPBUIFbIIap, 3)
IIaFBIH, ap3aH KYPBUIFbUIAP, 4) MOAYABIIK YH pPOOOTTHIK >KyHenepi »koHe 5) OarmapiaMaliblK ©HIMAEP.
KypbUIFBIHBIH KYHBI, KITHHAKAJIBIK THIMIUTIT )KOHE BIKTUMAJ YHEMIUIIT TypaJibl IEPEeKTep pelicH3UsIaHFaH
XKapIsUTaHBIMIAp MEH OHJIAMH pecypcTapAaH KUHAJIBL.

Horuikesiep: TeXHONOTHSIIBIK OHANTY IepeOpanbipl cal aypybl Oap OalanapAblH MOTOPIBIK
(YHKIWSICEIH KOHE OMIp CYpY CalachlH JKaKCapTYIBIH JKOCIApiIaHFaH >KOJAAphIH YCHIHAABI. POOOTTHIK
9K30CKEJIeTTep JKOHE BUPTyanabl IWHHABIK (VR) sxyiienepi CHAKTBI YIKEH, KbIMOAT KYpBUIFBUIAP THIMI
OoJsIFaHBIMEH, KOFaphl KYHBIMEH IIekTeneni. Opralia enmemai KypblUIFbIIap, COHBIH iIIiHIE TaryFa O0JaThIH
CCHCOpJIap *oHE (YHKIIMOHAJABI 3MEKTPIIK BIHTAJAHABIPY, KYHBI MEH THIMIUIIIH TEHECTipeAi, MOTOp
(YHKIMSACHIH JKaKcapTalbl JKOHE YiJIe OHAJITyFa MYMKIHIIK Oepemi. MoOWibai KomjgaHOanap MeH ONBIH
XKyHenepi CHSAKTBI IIAFbIH, ap3aH KYPBUIFBUIAP JOCTYPIl €MAEY ONICTepIMEH >KHi CaNbICTHIPBUIATHIH
KOJDKETIMJII JKoHEe THIMAI MIenrMaepai ycelHagel. Momynbaik yil poOOTTHIK KyHenepi y3ak Mep3imai
MPOTPECCUBTI OHAITY MYMKIHIITIH YCBIHAJIBI, Oipak oJapJblH KYHBI MEH TEXHHUKAJIBIK KbI3MET KOpPCETY
TaJanTapel KOJDKETIMIUTIKTI IIeKTeyi MYMKiH. MoOWNBII KoHE KOMIBIOTEPIiK KOCHIMINATIAP CHSKTHI
OarapraMalIblK MICIIiMAep YHIETi TepalsiHbIH YHEM 1 HYCKaIaphIH YChIHAABL. OPTYPIIi TEXHOIOTHSIIapIbIH
SKOHOMHMKAJBIK THIMIUIIMH MYKHAT KapacTbIpy MaHbI3IbL. JKeTiamipiireH TEXHOJOTHSIIAp aWTapibIKTan
oNieyeTTi YChIHCA Ja, HEFYPIBIM KOJDKETIMAI KOHE ap3aH MIeNIMAEp CaJBICTBRIPMallbl HOTIDKEIepai
KaMTaMachl3 eTe anabl.

KopbITbiHABI: TeXHONOTHAHBIH KOMETriMEeH OHANTy IepeOpalibabl call aypysl Oap Oamamap YIiH
KeIITeTeH HYCKaJapIpbl YChIHAABL. JKeTUImipiareH KYpbhUIFbUIApIbIH dJieyeTi OONFaHbIMEH, OJap/blH KOFaphl
KYHBI KOJDKETIMIUTIKTI TiekTeiai. TarareiH ceHcopnap, VR jxoHe MOOMIIB/I KoJmaHOanap CUSKTHI Killlipek,
KOJI KCTIMJI TEXHONOTHsUIap Yiileri Tepamus VINiH THIMII JKOHE YHEMIl IIemiMaepli YChIHaabl. by
TEXHOJIOTHSUIAPABI OHTAMIAHABIPY KOHE ONApAbIH eMJeIyIIijepre acepiH OaphlHIIa apTTHIPy YIIiH Y3/iKci3
3epTTeyiacp eTe MaHbI3IbI.

Tyiiin ce31ep: nepeOpababl call aypybl, OHAJTY, CAYBIKTHIPY Kypajaapbl, SKOHOMHUKAIBIK THIMIITIKT
Tanaay.
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IKOHOMHUYECKAS 3O@PEKTUBHOCTb PEABMJINTALIMA C UCITOJIb3OBAHUEM
HOBBIX TEXHOJIOTUH ITPU JETCKOM IEPEBPAJIBHOM ITAPAJINYE:
CPABHUTEJIbHBII OB30P

BenokonsiToB M.
Bremrarasiii npodeccop, Yaupepcurer nMeHn ben-I'ypuona B Herese, beep-1llesa, M3pannb

Pesrome.

OreHKa YKOHOMUIECKOH 3(P(PEeKTHUBHOCTH Pa3INIHBIX TEXHOJOTUH, HCIIONB3YEMBIX B PeaOMINTAIINN
JIOKOMOIMK y neTedl ¢ nepedpansubiM mapanmdoMm (JLIT) mis ompenenenus: 3¢GEKTUBHBIX TEXHOIOTHH,
COOTBETCTBYIOIIMX MHBECTULIMOHHBIX PEHICHUH 1 YAYyUIIEHUs TePareBTHUECKUX PE3YIIbTaTOB.

Marepuaabl u Metoabl: neHTnUKanus COBPEMEHHBIX TEXHOJOTHH, WCIIONB3YeMBIX B
peabunuranuun LTI, B pe3yasraTe BCeCTOPOHHETO 0030pa CYIIECTBYIOLIEH JIUTEpaTyphl. YCTpolicTBa ObLIH
paszeneHsl Ha ATk rpyni: 1) OonbIine, JOPOroCcTosIINE YCTPOMCTBA, 2) CpeIHNE YCTPOUCTBA, 3) HeOobIIune,
HEIOpOTHE yCTpoiicTBa, 4) MOAYIBHBIC OOMAIIHHE pPOOOTH3UPOBAHHBIE CHCTEMBI W 5) MpPOTrpaMMHEIC
OpOOyKTHL. JlaHHBIE O CTOMMOCTH YCTPOWCTB, KIMHHYECKOW d(PQPEKTUBHOCTH M IOTCHIMAIHHOM
KOHOMMUECKOH 3(phekTHBHOCTU OBIIM COOpaHBI U3 PELECH3UPYEMBIX ITyOIMKAlUi U CETEBBIX PECYPCOB.

Pe3ynbTarel: TexHonorndeckass peaOWINTAINs —IpeUlaraeT MHOTOOOCHIAIONINe IYyTH I
VIydIIeHHs] JIBHUTATeIbHOM (YHKIMHM W KadectBa u3HU y nerteid c¢ JILII. bombrmme, moporocrosiiue
YCTPOICTBA, TAKKE KaK pOOOTU3NPOBAHHBIE K30CKEIIETHl U CUCTEMBI BUPTYalbHOU peanbHOCTH (VR), X0TS 1
3¢ GEeKTUBHBI, OTPAHUUEHBI BBHICOKOH CTOMMOCTBIO. YCTPOMCTBAa CPEIHEro pasMepa, BKIIIOUas HaJeBacMble
JaTIAKA HW (QYHKIHOHATBGHYIO DJICKTPOCTHMYIIALNIO, OOCCIIEUYMBAIOT OallaHC MEXAYy CTOMMOCTBIO H
3¢ (EeKTUBHOCTHIO, Yiydllasi JBUTATENbHYI0 (PYHKIIMIO U MO3BOJISS MPOBOAUTH JTOMAIIHIOK peaOUIUTALIUIO.
HebGonpmme, Hemoporme yCTpPOHCTBAa, TaKHe Kak MOOWJIbHBIE MPUIOKEHUS U HUICPOBBIE CHCTEMBI,
00€eCIIeunBAIOT AOCTYIHBIEC M d(P(PEKTUBHBIE PEIICHHS, YaCTO COIMOCTaBUMBIE C TPAIULIHUOHHBIMA METOJAMU
neyeHrs. MoaynpHBIE JOMAIIHAE POOOTH3NPOBAHHBIE CUCTEMBI NPEJIAaraloT MOTSHINAT ISl IOIATOCPOUHOM
MOCJIEJOBAaTEIbHON PeaOMINTAIINH, HO UX CTOUMOCTh U TpeOOBaHUS K 00CITy>KUBAHUIO MOTYT OIPaHUYMBAaTh
IOCTYmHOCTh. [IporpamMmHBIC pemieHHs, Takue Kak MOOWIBHBIE ¥ KOMITBIOTEPHBIC MPUIIOKCHUS,
MPEJOCTABISAIOT HKOHOMHYHBIE BapuaHTbl JUId JOMallHed Tepanuu. TuiarenbHoe paccMOTpEeHHE
9KOHOMHUYECKOH 3()()EeKTUBHOCTH pPa3NUYHBIX TEXHOJOTHH HMMEET BaKHOE 3HaueHue. B TO BpeMms Kak
MePEeIOBhIE TEXHOJIOTHUH TIPEUIATal0T 3HAYUTEIBHEIH MMOTEHIHAN, 0oJiee NOCTYIHBIC W HEJOPOTHE pPeIlCHHS
MOTYT 00€CIIECYUTE CONIOCTABUMBIC PE3YIBTATHL.

BeiBoasbl: Peabunuranys ¢ HCTIONB30BAaHUEM TEXHOJIOTHI TMpeaiaraeT CIeKTp METOAOB IS IeTeH C
nepedpaabHBIM HapaindoM. B To Bpemsi Kak mepeoBble YCTpOcTBa 00J1a1atoT OTSHIIUAIOM, X BBICOKAS
CTOMMOCTD OTPaHHYUBACT JOCTYIMHOCTh. Hebompine, 6oiee JOCTYIHBIE TEXHONOTHH, TaKUe KaK HOCHMEIC
JIaT4ukd, VR 1 MOOMIBHBIE TPMIIOKEHUS, NPEJOCTABISIOT 3()(DEeKTUBHBIE U SKOHOMHYECKH 3()(EeKTHBHBIE
peuicHus 0Jist )IOMaLHHeP'I TCparuu. HpOZ[OJ'I)KeHI/IG I/ICCHGZ[OB&HI/Iﬁ HMECT BAXXHOC 3HAYCHUEC IJId OIITUMHU3alIUN
3TUX TEXHOJIOTMHA U MAKCUMAaJIbHOTO YBEJIMUEHUS UX BIMSHUS Ha PE3yJbTaThl JICUEHUS allEHTOB.

KiaroueBble cioBa: jaeTckuid 1epeOpasibHBI mapanuy, peaOwiuTanus, peabuiInTaluoOHHOE
000pyaIOBaHNE, aHATTU3 SKOHOMUUECKOH 3 (EKTUBHOCTH.

COST-EFFECTIVENESS OF TECHNOLOGY-ASSISTED REHABILITATION FOR CEREBRAL
PALSY: A COMPARATIVE REVIEW

Mark Belokopytov
Adjunct Professor, Ben-Gurion University of the Negev, Beer Sheva, Israel

Abstract.

This study aims to evaluate the cost-effectiveness of various technologies used in locomotion
rehabilitation for children with cerebral palsy (CP), to identify the best-value technologies, guide investment
decisions, and enhance therapeutic outcomes.

Materials and methods: A comprehensive review of existing literature was conducted to identify
current technologies used in CP rehabilitation. Devices were categorized into five groups: 1) large, high-cost
devices, 2) medium-sized devices, 3) small, lower-cost devices, 4) modular, home-based robotic systems, and
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5) software solutions. Data on device costs, clinical effectiveness, and potential cost-effectiveness were
gathered from peer-reviewed publications and digital resources.

Results: Technology-assisted rehabilitation offers promising avenues for improving motor function
and quality of life in children with CP. Large, high-cost devices like robotic exoskeletons and virtual reality
(VR) systems, while effective, are limited by high costs. Medium-sized devices, including wearable sensors
and functional electrical stimulation (FES), offer a balance between cost and effectiveness, enhancing motor
function and enabling home-based rehabilitation. Small, lower-cost devices like mobile apps and game-based
systems provide affordable and effective solutions, often comparable to traditional therapies. Modular, home-
based robotic systems offer potential for long-term, consistent rehabilitation, but their cost and maintenance
requirements may limit accessibility. Software solutions, such as mobile and computer applications, provide
cost-effective options for home-based therapy. A careful consideration of the cost-effectiveness of various
technologies is essential. While advanced technologies offer significant potential, more affordable and
accessible solutions may provide comparable outcomes.

Conclusion: Technology-assisted rehabilitation offers a range of modalities for children with cerebral
palsy. While advanced devices hold potential, their high-cost limits accessibility. Smaller, more affordable
technologies like wearable sensors, VR, and mobile apps provide effective and cost-efficient solutions for
home-based therapy. Continued research is essential to optimize these technologies and maximize their impact
on patient outcomes.

Key words: Cerebral Palsy, Rehabilitation, Rehabilitation Facilities, Cost-Benefit Analysis
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Introduction

Cerebral palsy (CP) is the most common cause of childhood-onset physical disability, affecting
approximately 2-3 per 1000 live births [1, 2]. The condition is characterized by permanent disorders of
movement and posture due to non-progressive disturbances in the developing fetal or infant brain. CP is highly
heterogeneous, with varying degrees of motor impairment, often accompanied by comorbidities such as
epilepsy, intellectual disabilities, and sensory impairments [3].

Locomotion rehabilitation is crucial for improving motor function, enhancing quality of life, and
promoting overall physical health in children with CP. Regular physical activity, including walking, can
prevent the loss of motor skills, reduce sedentary behavior, and mitigate associated health risks such as
increased body fat and muscle stiffness [4].

Gait training, whether through traditional methods or advanced technologies, has been shown to
significantly improve gait speed, endurance, and gross motor function in children with CP [5]. The ability to
walk contributes considerably to physical health and overall well-being, making it a prioritized rehabilitation
goal [6]. Moreover, locomotion rehabilitation can induce plastic changes in the corticospinal tract, leading to
long-term improvements in gait function. This is particularly important for children, as early intervention can
result in more substantial and lasting benefits [7].

Conventional methods for locomotion rehabilitation in children with CP are crucial for improving
motor function and quality of life. Gait Training is the most effective intervention for improving gait speed and
overall walking ability in children with CP. It involves practicing walking tasks and can be enhanced with tools
like treadmills and body-weight support systems [8, 9]. Aerobic activities, such as cycling and swimming,
improve gross motor function, mobility, and balance. These exercises are more effective than usual care in
enhancing aerobic capacity and participation [10]. Gross Motor Activity Training includes exercises that focus
on improving gross motor skills through variable practice opportunities. It has strong positive evidence for
improving gross motor function in ambulant and semi-ambulant children with CP [11]. Although isolated
strength training has shown limited effectiveness in improving gait parameters, it can be beneficial when
combined with other interventions like gross motor activity training [11].

A wide range of new technologies have been introduced in the past decade to advance locomotion
rehabilitation for individuals with CP [12]. These innovations focus on improving gait, motor function, and
overall mobility through more precise, adaptable, and engaging rehabilitation strategies. Key advancements
include robotic exoskeletons, wearable sensors, virtual and augmented reality (VR and AR), and mobile
applications. Collectively, these technologies provide increasingly individualized and data-driven
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rehabilitation for cerebral palsy, supporting improvements in gait, endurance, and quality of life through more
dynamic, accessible, and effective therapy solutions. This paper is an attempt of a cost-effectiveness
comparative review of some current technologies for locomotion rehabilitation in CP to identify the best-value
technologies for CP rehabilitation, guiding investment decisions, supporting equitable access, and ultimately
enhancing therapeutic outcomes across diverse patient populations.

Materials and Methods

We reviewed the most known and common devices that are currently available on the market and are
in clinical use not sporadically and experimentally, but in a certain number of modern rehabilitation and
physiotherapy clinics in countries with advanced healthcare infrastructure. To enable the generalization of cost-
effectiveness description and to illustrate the range of practical and financial considerations for implementing
these technologies in clinical or home settings, we grouped the technologies by size, cost, and ease of setup
and use. Large, high-cost devices include robotic exoskeletons, treadmill-based gait trainers, and immersive
VR systems. While these systems offer robust, intensive therapeutic interventions tailored to correct gait
patterns and improve muscle strength, they remain largely confined to clinical use due to their expense, size,
and complexity. The second category encompasses medium-sized devices with moderate costs and setup
requirements, including wearable biofeedback sensors, FES devices, and AR systems. With initial training
provided to caregivers or therapists, they can be safely operated in less controlled environments, providing
flexibility and tailored intervention through muscle activation and real-time biofeedback.

The third group consists of small, lower-cost devices that are particularly user-friendly and easy to set
up, such as mobile apps for remote monitoring, balance and coordination training platforms, and cognitive-
motor training tools. Due to their portability, ease of setup, and minimal training requirements, these devices
are effective for at-home supplemental training. They serve to reinforce balance, motor planning, and
adherence to daily therapeutic routines, providing families with flexible, cost-effective options to support
ongoing rehabilitation. The fourth group includes modular, home-based robotic systems with variable costs
and a straightforward setup process. These systems are intended for regular, long-term use in home settings
and are specifically designed for ease of installation and operation by non-professionals. Modular devices in
this category allow families to maintain consistent, low-intensity therapeutic engagement over extended
periods, complementing clinical therapy with the potential for significant functional gains. Finally, a subset of
devices falls under software solutions, such as mobile and computer applications. They reveal notable
advantages in terms of affordability and scalability. By eliminating the need for specialized hardware, these
software-based approaches present a lower entry cost while still delivering meaningful rehabilitative benefits.
The data were sourced from a range of peer-reviewed publications, conference proceedings, and publicly
accessible digital resources.

Results

Large, high-cost devices

Large, high-cost devices such as robotic exoskeletons, treadmill-based gait trainers, and immersive

VR systems have shown promising results in improving locomotion in children with CP and other locomotion
issues, often outperforming traditional rehabilitation methods.
Studies have demonstrated that robotic exoskeletons can significantly improve gait parameters in children with
CP. For instance, a systematic review found that these devices enhance walking speed, knee and hip extension,
and reduce the metabolic cost of walking. Another randomized clinical trial showed that overground robot-
assisted gait training (RAGT) using a wearable exoskeleton significantly improved gross motor function and
gait patterns compared to standard physical therapy [11, 12].

Treadmill training, especially when combined with partial body weight support, has been shown to be
effective in improving walking speed and gross motor function in children with CP. A systematic review
highlighted that treadmill training is safe and feasible, with significant improvements in walking speed and
gross motor performance. Additionally, combining treadmill training with VR has been shown to further
enhance walking endurance and speed, as well as balance and functional independence [13, 14].

VR-assisted exergaming and VR-coupled treadmill training have demonstrated significant
improvements in gait parameters, including gait velocity, stride length, and cadence. A meta-analysis found
that VR training significantly enhances gait performance in children with CP. Another systematic review and
meta-analysis reported that VR-assisted exergaming was more effective than conventional physiotherapy in
improving gross motor function and participation outcomes in children with CP [15, 16]. Immersive VR
systems have been particularly effective in increasing motivation and engagement during rehabilitation
sessions, which can enhance therapy outcomes. VR-based interventions provide an entertaining and interactive
environment that can make repetitive exercises more enjoyable for children, thereby improving adherence to
rehabilitation programs [16-18].
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The economic aspects of technology-assisted rehabilitation for CP using large, high-cost devices such
as robotic exoskeletons, treadmill-based gait trainers, and immersive virtual reality (VR) systems are
significant. These devices, including the Ekso Bionics exoskeleton, the Lokomat robotic gait trainer, and the
Computer Assisted Rehabilitation Environment (CAREN) VR system, typically require substantial financial
investment and are usually situated in specialized rehabilitation centers. The cost of these advanced
rehabilitation devices ranges from tens of thousands to several hundred thousand dollars. For example, the
Lokomat system can cost upwards of $300,000, while the Ekso Bionics exoskeleton is priced around $100,000
to $150,000. The CAREN VR system, which offers a highly immersive rehabilitation experience, can also be
in the range of several hundred thousand dollars [19-21]. The cost per treatment session varies based on
multiple factors, including the type of device, session duration, and the need for specialized personnel. For
instance, robotic exoskeleton training sessions can cost between $100 to $200 per session, depending on the
facility and the specific requirements of the therapy. The cost-effectiveness of these interventions is still a
subject of ongoing research, with some studies indicating potential cost savings in the long term due to
improved rehabilitation outcomes and reduced need for long-term care [19-21]. While robotic devices and
treadmill-based trainers are expensive, their ability to reduce the need for intensive therapist support and
improve functional outcomes may justify the cost in certain cases. VR systems, particularly those using
commercial gaming consoles, are relatively low-cost and have shown potential for cost savings, especially
when used in home-based settings [18, 19, 22].

Medium-sized devices. Technology-assisted rehabilitation methods for cerebral palsy, such as
wearable biofeedback sensors, FES devices, and AR systems, have shown promising results compared to
traditional rehabilitation methods for children. These technologies offer engaging, personalized, and effective
alternatives to conventional therapies. A randomized controlled trial demonstrated that FES cycling combined
with goal-directed training and adapted cycling, significantly improved gross motor function and goal
performance/satisfaction in children with CP compared to usual care. Another study found that FES during
walking improved ankle dorsiflexion and range of motion, although patient selection and thorough follow-up
are critical for success [23, 24]. A feasibility study on a biofeedback-enhanced therapeutic exercise video game
intervention showed moderate effects on body function measures and small-to-moderate effects on activities
and participation measures in children with cerebral palsy. This suggests that biofeedback systems can
effectively engage children in home rehabilitation, complementing traditional therapy [25]. AR interventions
have been effective in improving upper extremity function and balance in children with spastic hemiplegic
cerebral palsy. A randomized clinical trial found significant improvements in the Disability of Arm, Shoulder,
and Hand (DASH) scores and Pediatric Balance Scale (PBS) scores post-intervention. Another meta-analysis
indicated that nonimmersive VR interventions significantly improved lower extremity function, balance, and
social participation compared to traditional rehabilitation [26, 27]. Medium-sized devices like the ReWalk
exoskeleton and WalkAide FES system typically range from $30,000 to $100,000. AR-based rehab solutions
using systems like the Microsoft HoloLens are generally less expensive, with costs around $3,500 to $5,000
for the hardware, plus additional costs for software development and customization [28-30]. The cost per
treatment session varies based on the type of device and the setting. For instance, sessions using wearable
biofeedback sensors or FES devices can range from $100 to $200 per session, depending on the complexity of
the therapy and the need for specialized personnel. AR-based rehabilitation sessions may be more cost-
effective, especially if conducted at home, reducing the need for frequent clinic visits [29, 31, 32]. These
technologies enhance engagement, improve motor function, and offer accessible rehabilitation options,
potentially reducing long-term healthcare costs by improving functional outcomes and decreasing the need for
more intensive interventions. For example, AR systems like the Microsoft HoloLens have shown excellent
feasibility and user experience in pediatric populations, making them a cost-effective option for home-based
rehabilitation [29, 32].

Small, lower-cost devices

A systematic review and meta-analysis found that Nintendo Wii Balance Board Therapy significantly
improved functional and dynamic balance in children with cerebral palsy, especially when combined with
conventional physical therapy (CPT) in sessions lasting longer than 3 weeks. Another study demonstrated that
NWT was more effective than standard physiotherapy (SPT) in improving standing balance, although the
effects waned 2-4 weeks post-intervention [33, 34]. While specific studies on FitMi Therapy were not identified
in the provided references, similar interactive computer play (ICP) interventions have been shown to be more
effective than conventional therapy in improving postural control and balance in children with mild to moderate
CP [35]. Although direct evidence for PT Pal Pro was not found in the provided references, the general trend
in the literature supports the efficacy of home-based, interactive rehabilitation technologies. For instance, a
study on home-based VR therapy using the Nintendo Wii Fit found it to be feasible, safe, and potentially cost-
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effective, with improvements in gross motor function and balance [18]. Computer-assisted arm rehabilitation
gaming technology has been evaluated for its potential benefits on arm function in children with spastic
cerebral palsy. While initial studies did not show significant improvements, feedback indicated that more
engaging games could potentially yield better functional benefits [36].

Mobile applications and touch screen tablets are generally more affordable compared to other
advanced rehabilitation technologies. Tablets used for fine motor exercises can be relatively inexpensive, with
costs ranging from $200 to $500. VR-assisted exergaming systems, while more costly, have become
increasingly accessible. Low-cost VR systems can range from $300 to $1,000, making them a viable option
for home-based rehabilitation. Game-based rehabilitation systems using motion-sensing devices like the Kinect
are also relatively affordable, with initial costs around $100 to $200 for the hardware [37, 38].

A systematic review in the Journal of Clinical Medicine highlighted that semi-immersive VR devices,
such as those using commercial video game consoles like the Nintendo Wii and Kinect, could involve
significant cost savings. These savings are mainly derived from the low prices of the systems and reduced
transportation costs when applied through telerehabilitation programs, compared to in-clinic interventions [19].

A randomized controlled trial demonstrated that the Nintendo Wii Balance Board significantly
improved standing balance in children with cerebral palsy, with effects comparable to standard physiotherapy,
although the benefits waned after 2-4 weeks [34]. This suggests that while initial costs are low, ongoing
engagement may be necessary to maintain benefits. The study found that this low-cost VR approach could
improve postural control and was likely to be as effective as face-to-face modalities, making it a cost-effective
alternative. Additionally, a qualitative study in the International Journal of Environmental Research and Public
Health explored the benefits of a low-cost walking device in children with cerebral palsy. The study found that
such devices improved emotional welfare, physical well-being, and social enjoyment, indicating that they are
not only cost-effective but also beneficial for overall quality of life [39]. For example, the Mitii training system,
a web-based multimodal therapy for unilateral cerebral palsy, has been shown to be cost-effective. The cost
per responder for the Mitii program ranged from AU$3078 to AU$4191 depending on the outcome measures
used, which is modest relative to the improvements in function observed [40].

Additionally, the cost of assistive devices for children with mobility limitations varies widely, with an average
cost of $539 per device. This includes a range of devices from low-cost items to more expensive high-
technology devices [41].

The cost per treatment session using these technologies can vary. For instance, VR-assisted
exergaming has been shown to be cost-effective by reducing the need for in-person therapy sessions. A
systematic review and meta-analysis indicated that VR exergaming could be more effective than conventional
physiotherapy, potentially reducing overall rehabilitation costs. Game-based systems and mobile applications
can also lower costs by enabling home-based therapy, reducing the frequency of clinic visits, and allowing for
continuous monitoring and adjustments by therapists remotely [16].

In the context of telerehabilitation, the American Physical Therapy Association notes that costs per
session are generally lower with telerehabilitation compared to in-person care, especially for patients living
more than 30 km from the healthcare center [42]. This cost-effectiveness is due to reduced travel and associated
costs, making telerehabilitation a viable and economical option for pediatric locomotion rehabilitation.

A study demonstrated that an intervention using devices like the Nintendo Wii Fit could be
implemented at a low cost of £20 per child, making them a highly cost-effective option for enhancing
traditional rehabilitation methods [18]. The use of these technologies can lead to significant long-term
economic benefits. By improving motor function and engagement, they can reduce the need for more intensive
and costly interventions later. Additionally, the ability to perform rehabilitation at home can decrease
transportation costs and time burdens for families [43].

Modular, home-based robotic systems

Technology-assisted rehabilitation for CP using modular, home-based robotic systems with variable
costs and a straightforward setup process shows comparable success rates to traditional rehabilitation methods
for children. Trexo Plus exemplifies this category, offering a modular and adaptable robotic solution designed
for home use [44]. A systematic review and meta-analysis found that robot-assisted gait therapy (RAGT)
demonstrated superior outcomes in gait speed, walking distance, and walking, running, and jumping ability
compared to conventional therapy (CT) [45]. This suggests that RAGT can be more effective in improving
specific gait parameters in children with cerebral palsy. A pilot randomized comparative trial comparing home-
based and laboratory-based robotic ankle training found significant improvements in both groups across
various biomechanical and clinical outcome measures, with no significant differences between the two settings
[46]. This indicates that home-based robotic systems can be as effective as laboratory-based systems, offering
the advantage of convenience and potentially lower costs.
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Another study on the Walkbot, a robotic gait trainer, combined with physiotherapy, showed significant
improvements in standing, muscle strength, and knee range of motion compared to isolated physiotherapy [47].
This further supports the efficacy of robotic-assisted rehabilitation in enhancing functional outcomes.

Studies have shown that home-based robotic systems are generally safe for use in children with
cerebral palsy. For instance, the AiWalker-K system was found to be safe under the guidance of experienced
medical personnel, with adverse events being manageable and within safe ranges [48]. The Trexo Plus, a
pediatric lower limb exoskeleton designed for home use, exemplifies a modular and adaptable robotic solution.
The initial investment for such devices can be substantial, and the costs range from $10,000 to $30,000
depending on the customization and components selected. This high cost is justified by the potential for
improved rehabilitation outcomes and reduced long-term healthcare costs [44, 49]. The cost per treatment
session with these robotic devices varies based on factors such as the type of device, session duration, and the
need for specialized personnel. While specific session costs for Trexo Plus are not detailed in the literature, the
general trend indicates that robotic-assisted rehabilitation can be more expensive than conventional therapy.
However, these costs are often offset by enhanced engagement and improved motor function outcomes, making
rehabilitation more accessible and effective for children with CP [28, 44, 49].

Software solutions

Computer game-assisted rehabilitation programs have shown significant improvements in manual
dexterity and visual-motor integration in children with cerebral palsy, with moderate to large effect sizes [16,
50]. Technology-assisted methods often enhance user engagement through interactive and enjoyable
experiences. VR and computer games provide a fun and motivating environment, which can lead to higher
compliance and sustained participation in rehabilitation programs. For example, children reported enjoying the
training with ICP, and there were no adverse events, indicating high levels of engagement and safety [51].
The prices of software solutions like mobile and computer applications used in locomotion rehabilitation for
children can vary widely, but some general trends and specific examples can be highlighted.

A study on Digital Therapeutic Care (DTC) apps for unsupervised treatment of low back pain provides
some insight into pricing models that could be relevant for pediatric locomotion rehabilitation apps. The study
found that the price for a 3-month prescription of a DTC app was approximately €239.96. Reducing this price
to €164.61 could make the app a dominant strategy over traditional treatment methods in terms of cost-
effectiveness [52]. While this study focused on low back pain, the economic principles can be extrapolated to
pediatric locomotion rehabilitation, indicating that DTC apps can be a cost-effective option. According to the
American Physical Therapy Association, telerehabilitation services can be cost-effective, especially for
patients living far from healthcare centers. The cost per session for telerehabilitation can be lower than in-
person care, particularly when considering travel and associated costs. However, the study did not include
specific technology costs to patients and therapists, which can vary based on the complexity and features of
the software used [42]. Studies have shown that telerehabilitation can result in similar or lower costs compared
to in-person rehabilitation. For example, a systematic review found that telerehabilitation may reduce barriers
to care and result in cost savings, particularly for patients living far from healthcare centers. Another study
highlighted significant cost savings and improved clinical outcomes in patients using a clinician-controlled
telerehabilitation system following total knee arthroplasty, with a cost-saving advantage of $2,460 per patient.
These findings suggest that telerehabilitation can be a cost-effective alternative to traditional rehabilitation,
especially when considering travel and associated costs [53, 54].

In comparison, traditional rehabilitation methods often involve higher costs due to the need for
specialized equipment, frequent in-person sessions, and associated travel expenses. For instance, the cost of
delivering intensive physiotherapy alone can be substantial, as seen in studies evaluating the cost-effectiveness
of botulinum toxin injections combined with intensive physiotherapy, which reported significantly higher
treatment costs [55]. Moreover, digital therapeutic care apps for conditions like low back pain have shown that
reducing the app's cost to €99 per 3 months can make it a dominant strategy over “traditional treatment as
usual” by being less costly and generating more quality-adjusted life years (QALYs) [56]. This indicates that
similar cost reductions in digital therapeutic apps for CP could enhance their cost-effectiveness.

Discussion

Advanced technologies for walking rehabilitation face several key challenges, primarily due to the
complexity of human movement, differences in patient needs, and the need to smoothly integrate new tools
into clinical and home settings. One of the main issues is the cost and accessibility of high-tech gait
rehabilitation devices. These devices are often expensive, which limits access for many patients, especially in
low-resource settings or home environments where ongoing, effective rehabilitation is needed. The high costs
often raise questions about cost-effectiveness and accessibility [19]. Reducing the cost while keeping the
devices highly functional is a major priority to make these technologies more widely available. Another
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challenge involves integrating these technologies into clinical practice. For the best results, these devices need
to work well within existing healthcare systems. This means being compatible with electronic health record
systems, working seamlessly with other rehabilitation equipment, and being easy for clinicians to use and
monitor patient progress [57]. If setup and use are too complex or time-consuming, clinicians may be less
likely to adopt these technologies, limiting their potential benefits to patients [58]. Overcoming these
challenges is crucial for making walking rehabilitation technologies accessible to a wider range of patients.
Progress in creating affordable, accessible, and easy-to-integrate solutions will help ensure that these
innovations are used effectively in both clinical and home rehabilitation.

One primary reason for this review is the need for informed decision-making among healthcare
providers, families, and policymakers. With the rising costs of healthcare and the limited budgets of many
rehabilitation centers, stakeholders require a clear understanding of which technologies deliver the best value
relative to their clinical benefits. Cost-effectiveness reviews allow for more transparent evaluations, offering
data on whether a particular technology provides meaningful functional improvements, such as enhanced gait
and mobility, in proportion to its financial demands. This is particularly relevant given that many advanced
rehabilitation devices, such as robotic exoskeletons, are often prohibitively expensive for routine clinical or
home-based use, potentially limiting access to those who could benefit the most. Furthermore, children with
CP often require long-term, repetitive therapy, making the cumulative cost of interventions a significant factor
in treatment planning [59]. Comparative cost-effectiveness analyses can highlight which technologies sustain
benefits over time, making them more financially viable options for long-term rehabilitation. This type of
review would also help identify low-cost, high-impact solutions, such as wearable sensors or mobile-based
applications, which may provide effective therapy at a fraction of the cost of more complex systems.

Finally, a cost-effectiveness review addresses the broader issue of healthcare equity. Families and
rehabilitation centers in lower-resource settings are often unable to invest in high-cost devices, leading to
disparities in access to effective rehabilitation for children with CP. By identifying and promoting the most
cost-effective options, these reviews can support a more equitable distribution of resources, ensuring that
effective rehabilitation strategies reach a broader population.

Limitations

The paper analyses the cost-effectiveness of various technologies, focusing on factors like initial
investment, maintenance costs, and potential long-term savings. However, a quantitative cost-effectiveness
analysis, such as a cost-utility analysis or a cost-benefit analysis, is not explicitly conducted. This limitation
prevents a precise comparison of the economic efficiency of different technologies. This study has several
other limitations that should be considered when interpreting its findings. One notable limitation is the limited
availability of data on the long-term costs and benefits associated with technology-assisted rehabilitation for
cerebral palsy. While this research highlights the potential for cost savings over time due to improved
functional outcomes and reduced healthcare utilization, empirical evidence on the sustained economic impact
remains sparse. Further longitudinal studies are necessary to assess whether these initial investments yield
substantial cost savings in both direct and indirect healthcare costs over the long term. Another limitation is
the variability inherent in clinical practice, which could influence both the effectiveness and cost-effectiveness
of these technologies. The outcomes of technology-assisted rehabilitation are likely to differ based on a range
of factors, including the severity of the patient’s condition, therapist’s expertise, and the specific rehabilitation
protocols employed. Such variability can lead to differences in both clinical results and economic outcomes,
making it challenging to generalize findings across diverse patient populations and clinical settings. Finally,
this study does not deeply explore ethical considerations associated with technology use in rehabilitation.
Issues such as data privacy, especially in home-based or telehealth rehabilitation models, require attention to
ensure that patient information remains secure. Additionally, the development and application of these
technologies may inadvertently introduce biases, potentially affecting access and outcomes for specific patient
groups [21, 57]. Addressing these ethical dimensions is essential for equitable implementation and for fostering
trust in these evolving rehabilitation approaches. Further research should consider these ethical concerns to
guide the responsible integration of technology in clinical practice.

Possible implications

The findings of this study have significant clinical implications for healthcare providers and
policymakers working with individuals with cerebral palsy. Technology-assisted rehabilitation offers the
potential for highly personalized and tailored interventions, enabling clinicians to address the unique motor
impairments of each patient more effectively. This individualized approach is associated with improved
therapeutic outcomes, as rehabilitation devices can adapt to the patient’s specific movement patterns,
facilitating targeted improvements in gait and functional mobility. Additionally, interactive technologies
embedded within these devices have been shown to enhance patient engagement and motivation, factors critical
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to successful rehabilitation. Increased engagement is particularly important for children with cerebral palsy, as
adherence to therapy regimens often poses challenges. The incorporation of gamified elements and real-time
feedback not only sustains interest but also reinforces progress, ultimately supporting long-term gains in motor
skills and functional independence.

A notable advantage of technology-assisted rehabilitation is the facilitation of remote rehabilitation.
Telehealth platforms and home-based devices expand access to high-quality care for individuals residing in
rural or underserved regions, who otherwise might face significant barriers to in-person therapy. This model
allows for continuous monitoring and interaction with therapists, ensuring that patients can benefit from
consistent, supervised rehabilitation, even outside of traditional clinical settings. While initial costs for
implementing these technologies are considerable, the potential for long-term cost-effectiveness supports their
adoption. The reduction in required in-clinic visits, coupled with the ability to achieve similar or even superior
outcomes remotely, may alleviate some of the economic burdens on healthcare systems and families. Improved
functional outcomes associated with technology-assisted interventions can reduce the need for subsequent
interventions and decrease the overall cost of care, creating a sustainable model for the long-term management
of cerebral palsy. These findings suggest that policymakers should prioritize investments in technology-
assisted rehabilitation to enhance care accessibility and quality. Policy support could include funding initiatives
for telehealth infrastructure, subsidies for home-based devices, and reimbursement models that support these
innovative interventions. By fostering such advancements, policymakers can play a critical role in improving
the health outcomes and quality of life for individuals with cerebral palsy, promoting equitable and effective
rehabilitation options for all. In summary, a cost-effectiveness comparative review is vital for identifying the
best-value technologies for CP rehabilitation, guiding investment decisions, supporting equitable access, and
ultimately enhancing therapeutic outcomes across diverse patient populations.

Conclusion

Technology-assisted rehabilitation for CP offers a promising avenue for improving functional
outcomes and quality of life. While advanced robotic systems hold significant potential, their high cost
necessitates the exploration of more affordable alternatives. Medium-sized devices like wearable biofeedback
and AR systems offer a balance between cost and effectiveness, improving motor function and potentially
reducing long-term healthcare costs. Small devices and digital therapeutics, such as mobile apps and VR,
provide accessible and cost-effective solutions for home-based rehabilitation. Ongoing research is crucial to
optimize the design, implementation, and long-term efficacy of these technologies, ensuring their widespread
adoption and maximizing their impact on patient outcomes.
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Tyiiingeme

ByJ1 *KyMBICTBIH MakcaThl 3eifiH TanmblibiFbl Oy3butrad (3TDh) Ganamap momyssIUACHIHAAFHI YIKBI
anmHo3 cHHAPOMBIHBIH (¥ AC) >KHUTITIH aHbIKTay O0nubel. Mamepuandap men macinoep. 3epTTey €Ki HKbUI
OolBbIHA PETPOCTIEKTUBTI O0JBIN TabbL1ab! skoHe OomiMiene 3Th nuarHo3sl KOWbIIFaH OAapIbIK OaganapIbH
xaz0anapbiHa OarbiTTanFad. 156 daiin Tanganger. Optama xac 10,7 xac, cTaHmapTThl aybITKy 2,45 *kac.
XKerapice! Ooitpama 6oy: 40 Kb13 skoHe 116 yi. Homuowcenep. ¥ WKbIHBIH Oy3putysl 38 skarmaiina (24,3%)
aHbIKTaInbl, Oy Heridinen 3Th Oamanmapawiy 17,3% -biHma OomatbiH ¥AC (71%) OGonnel. Tanxwiiay,
KopuimuiHObLIQY. backa 3epTTeynepMeH canbICThIpFanaa, 0i3aiH 3eprreyimiz 3Th Oanamapaarbl YHKBIHBIH
OY3BUTYBIH aHBIKTAY YIIiH cayaHaAMaHBIH CE3IMTAIIBIFBIHEIH JKOKTHIFBH jkoHe 3Th kesinme ¥YAC aHbBIKTAy
aKayblH Kepcereni. CayamHaManapslH CE3IMTAIIBIFEI MEH CIECHU(HUKACHIHBIH XorapbuiaybiMeH 3Th ke3
KeJreH Oasara xyiesi MoJMCOMHOTpa(UsSHBI KYPri3reH JKeH.

Tyiiinai ce3aep: 3eiliH TaNIIBUIBIFBIHBIH OY3bUTYBI, YHKBI alTHO3 CHHAPOMEI, Oananap.
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Pesiome

Henbto manHO#M paboThI OBLIO ONpeNeNieHre YacTOThl cuHapoMa armHod Bo cHe (CAC) B momynsuu
nereid ¢ cunapomoM nedunmra BHUMaHus (CJB). Mamepuanvt u memoowi. WccnemoBanue sBISETCS
PETPOCTIEKTUBHBIM B TEYEHUE JBYX JeT W (OKYCHUpYeTCS Ha 3amucsiX BCeX JAeTed, y KOTOPhIX ObUI
muaraoctupoad C/IB B otnenenun. bruto npoananmsupoano 156 ¢aitnos. CpexHuit BO3pacT COCTaBIseT
10,7 netr co ctanaapTHeIM OTKIIOHEHHEM 2,45 rona. Pacnipenenenue no nomy: 40 geBouek u 116 MaqbyuKoB.
Pesynomamer. Hapymenunst cHa Obun BBIABIICHBI B 38 ciydasx (24,3%), B ocHoBHOM coctosimue n3 CAC
(71%), xoropslii npucytctByeT y 17,3% nereit ¢ CAB. Obcyarcoenue, saxntouenue. [1o cpaBHEHUIO € IPYTUMHU
HCCJIEJIOBAHUSIMU HAIlle HCCIIEZIOBAaHUE I[IOKA3blBA€T HEIOCTaTOYHYI0 YYBCTBUTEIBHOCTh OIpoca IJist
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