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Stroke and spinal cord injury are neurological disorders that cause disability and exert tremendous social and
economic effects. Robot-assisted training (RAT), which may reduce spasticity, is widely applied in
neurorehabilitation. The combined effects of RAT and antispasticity therapies, such as botulinum toxin A injection
therapy, on functional recovery remain unclear. Combined therapy improves functional recovery in the lower limbs

but does not reduce spasticity in the upper or lower limbs.

stroke spinal cord injury robotic-assisted therapy antispasticity therapy

| 1. Introduction

Stroke and spinal cord injury (SCI) are common diagnoses among patients receiving inpatient rehabilitation and
often limit such patients’ abilities to perform activities of daily living. Most patients with stroke or SCI experience
functional impairment, spasticity, and motor clumsiness LI, and spasticity and functional impairment are the primary
reason for rehabilitative intervention in the chronic stages of recovery BB A major line of inquiry in rehabilitation
sciences is the development of therapies optimized for managing spasticity and functional impairment in such

patients.

Spasticity is a motor disorder that manifests as an increase in tonic stretch reflexes caused by hyperexcitability of
the stretch reflex in patients with upper motor neuron disorders, such as stroke and SCI 2. Spasticity occurs in 4—
27% and 17-46% of patients with stroke within the first month and first 3 months after stroke, respectively, and in
70% of patients with SCI [BIEIE - Spasticity limits the performance of daily activities, social participation, and
quality of life 29, Controlling spasticity is essential to alleviating its resulting functional impacts 1122l Therefore, a

major line of inquiry in rehabilitation sciences is the development of therapies optimized for managing spasticity.

In recent 10 years, robot-assisted training (RAT) has been applied for improving impaired motor function in patients
with neurological disorders. RAT is superior to conventional therapies for neurorehabilitation in both the upper 13
(241 and lower limbs 13 because it integrates high-intensity, repetitive, and task-specific training. It can also
measure a patient’s performance with high reliability and accuracy 8. However, despite the evident utility of RAT,

whether a combination of RAT and other therapies can yield a synergic effect remains unclear.

| 2. Risk-of-Bias Assessment
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The risk of bias in the included studies was assessed using the modified Jadad scale (Table 1). The scores of the
included studies ranged from 3 to 5.5, indicating a considerable risk of bias. The methods of randomization and

blinding were the major causes of the high risk of bias.

| 3. Features of Included Studies

Table 1 summarizes the characteristics of the included studies. All the eligible studies were RCTs published
between 2015 and 2019. Four of the studies enrolled patients with stroke, and one enrolled patients with SCI. Two
of the studies (Gandolfi et al., 2019 174 and Pennati et al., 2015 [8)), both of which enrolled patients with stroke,
assessed motor function of the upper limbs. The other three studies, among which two (Picelli et al., 2016 19 and
Erbil et al., 2018 29 enrolled patients with stroke and one (Duffell et al., 2015 1)) enrolled patients with SCI,
assessed the motor function of the lower limbs. Each of the included studies enrolled 15 to 48 patients, and 29% to
40% of each sample consisted of female patients. The mean ages of the patients ranged from 46.5 to 65.1 years.
The mean intervals between disease onset and enroliment ranged from 6 months to 20 years. The number of RAT
sessions ranged from 10 to 15, and the intervention durations ranged from 5 days to 5 weeks. The mean follow-up

intervals ranged from 0 days (immediately after treatment) to 12 weeks.

Table 1. Demographic data of patients in included studies.

. Total No. of No. of . .
. Limbs of : . Mean Age, Time since
Author, Year Disease . Patients Group Patients S
Evaluation (FIM) (FIM) Year (SD) Injury (SD)
Gandolfi et 59.13 51yr (2.2
al., 2019 117 Stroke UL 32 (10/22) Control 16 (6/10) (14.97) ¥
. 59.31 6.0yr (3.1
Intervention 16 (4/12) (14.40) y)
Pennati et >6 mo, (10
al. 2015 128l Stroke UL 15 (6/9) Control 8 (NA) NA mo to 20
’ yr)
>6 mo, (10
Intervention 7 (NA) NA mo to 20
yn ‘earls
Picelli et al.,
2016 Stroke  LL 22 (6/16) Control 11 (4/7) 65.1 (3.4) 6.1yr(38
191 y) oke: A
Intervention 11 (2/9) 62.4 (9.5) sr)z yr (4.2
Erbil et al., Stroke LL 43 (16/27) Control 14 (3/11) 48.7 (10.4) 25.9 mo
2018 (24.6 mo)

4. Li, S. Spasticity, Motor Recovery, and Neural Plasticity after Stroke. Front. Neurol. 2017, 8, 120.
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Total No. of No. of

. Limbs of i i Mean Age, Time since U/€-
Author, Year Disease . Patients Group Patients e
Evaluation (FIM) (FIM) Year (SD) Injury (SD)
[20]
uring
Intervention 29 (13/16)  50.1 (11.8) 39 mo
' ' (34.3 mo)
stive
Duffell et
al., 2015 scl LL 48 (14/34) Control 26 (7/19) 46.6 (12.6) 9-3yr(89 -1036.
[21] yr)
, C.;
- 10.2yr schemic
Intervention 22 (7/15) 46.5 (11.9) (10.47 yr)

9. Wissel, J.; Schelosky, L.D.; Scott, J.; Christe, W.; Faiss, J.H.; Mueller, J. Early development of

spasticity following stroke: A prospective, observational trial. J. Neurol. 2010, 257, 1067-1072.
4. Intervention Protocols
10. Schinwelski, M.; Stawek, J. Prevalence of spasticity following stroke and its impact on quality of

Thdifetwvikneonpirasisolnetipidyidityinntiacindliee O bdaibs lingd HyrigNTalCeviestublesiiolohde ukpehiimb
intelR@ntdNE0 1Hd g @artibli et al., who recruited 32 patients and compared BoNT + RAT with BoNT + physical
1HeRAASNR PHRIH. £ &Rty IS SATBFURNE AP RBREP CONTob a8 FfTgione: The
studies by Picelli et al., who recruited 22 patients and compared BoNT + robot-assisted gait training (RAGT) with
18oNPiRgM; rbRate GnEre&IFRIE L afRIME AnlylOmbRLERSN P+ RREFEIET fnBAHGRTALSH Duffel
et AR BAYRIAIAYp AR RS SMERS APS LErRHASY- BLRIRARIiRO W Ad P LRnEL @R focused on lower limb

1BIEMRAHONE:: Wang, G.; Wang, A.; Cheng, L.J.; Lau, Y. Robot-assisted distal training improves upper
limb dexterity and function after stroke: A systematic review and meta-regression. Neurol. Sci.

| 50 Primary Gutcome: Functional Recovery

14. Mehrholz, J.; Pohl, M.; Platz, T.; Kugler, J.; Elsner, B. Electromechanical and robot-assisted arm
In the two studies, the evaluated functional improvement in the upper limbs, the FMA, MRC, and B&B were used to

training for improving activities of daily Iiving arm function, and arm muscle strength after stroke.
measure the outcomes. Pennati et al. reportéd that the FMA and B&B scores of the patients-who received RAT

Cochrane Database Syst. Rev. 2015, 2015, Cd006876. _ _
alone improved significantly ‘more than did those of the patients who received combined therapy (BoNT + RAT),

lLbhdsas IdahdShiey diHepiaeg, i Righiitanibfteré e sSiH- Robot agristedogaiinipaovergdias halares the
pat@nt lanereexsivetnByNTncraratit padkenishw b gfeateatorial Bxnke:stirsmgle-linided denduianzegelded
cortiitigbeddisibnrk NearmentheREbalw. cddbhationerapy on functional recovery in the upper limbs.

16. Dobkin, B.H. Strategies for stroke rehabilitation. Lancet Neurol. 2004, 3, 528-536. ,
In the three studies that assessed functional improvement in the lower limbs, the outcomes were measured using

lihe GMWIDITBBS, Vae, RvEAMiioVEOMAAK, ; Mazizelenl, fopdd@tiithal thEiBppett rédultPicebheApatients who
recGasdatoRtondy ; tkefapin BN T Sakusrinipicetalrofteatibrenese of RebaitiAssisiad tdpgiesd BobT alone.
Erbil & aing poit&pasiiciy, BB8)atun, and Misalscbeiivitytie tdienicvbisokecRatientsblieatadrdgithBoNT +
PT BaasmnmigmsirsdAnidan aemizedSinghe- Blinstes @anteebed d BalN FromtT. Nbeifl.c2Ql Sepbr el that the
HPUINSTUES T B8 RAIREM ME8sIRERYTY BoIEIut, B5° HEA o PEB YR ARG 20N BSESifilmh Rk
Mingaal RAAT i LHrRISR) pLe SRR ASoRl RPEPANEIS FeRRNPLRA? EACTe B & 0ReRat Y
conﬂ}ﬂ:p&détﬁrg’p'@i’aé%T_()é%7ffective in promoting functional recovery in the lower limbs.
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lla.@jcS%(ﬂadapy\AOuﬁom)m@jiﬁpasti@uyVerzini, E.: Ferrari, F.; Pontillo, A.; Corradi,
J.; Tamburin, S.; Saltuari, L.; et al. Combined effects of robot-assisted gait training and botulinum
TheSeRAYIREYA BHCEPRs a2 GRRAIS ho Ge i Piafle N JAtrBHID M SokE&ARIIENEINGe Hiffived combined
therapit BMMYERN eohUEtRIEN tIRAVELONS) IPRRRSIRIB AN hese Y0P es2ivegoathig interventions, researchers
analyzed the spasticity assessment results in the included reports. Four of the studies used the MAS, twQ used the
Z'Pairgly(retl)J”S(%I;e, g%’ %’ng (bﬁ’%ﬁ?&tm'éiy%wf?é&ﬁ hé'[%é’tﬁ:’ltﬁ';rgg g/l/%’ sﬁu;dll\e/lse t rgtegglslés éCd';séall(s%P(/:’t)(/) b;y using

Nigar, D. Effects of robot-assisted gait trainjng in chronic stroke patients treated by botulinum
the M%\S focusec?on the upperallimsbs. Pennati et a|. lgeported that the MAg scores o t%e pat?clents who received

Conﬁ%ﬂg&%hég&%@gﬁ{“ﬁ }QAEW%%Q%%E rr?c?r'el mér% %%%’ezo ’tr?elgolnstr'ols; however, Gandolfi et al. did not report

2dmaiffedyitsD.; Brown, G.L.; Mirbagheri, M.M. Facilitatory effects of anti-spastic medication on
robotic locomotor training in people with chronic incomplete spinal cord injury. J. Neuroeng.

Twrehtsiistpdies that fpgused on the lower limbs (Picelli et al. and Erbil et al.) adopted the MAS and Tardieu

§%ﬂ1PeJBﬁé%%ﬁ@ﬁéﬂ%&%ldBé&%%SuWQn%Wﬁi%?o&hErﬁﬁﬁf@&z%the MAS or Tardieu Scales of the patients in the

combined therapy groups did not decrease more than those of the controls.

| 7. Power Analysis and Effect Size

Only two of the included studies reported effect sizes: that by Gandolfi et al., in which the effect size ranged from
—-0.02 to 0.49, and that by Picelli et al., in which the effect size ranged from 0.07 to 0.47. However, the methods
employed for effect size estimation in these studies were not delineated. These studies also performed power
analysis, which revealed that their sample sizes were sufficient for avoiding type Il errors. Because the other three
studies did not report their effect sizes and did not perform power analysis, the effectiveness of the interventions
evaluated therein could not be adequately inferred, and their results could have been a result of inadequate sample

size.
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