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The effects of arobot-assisted arm training plus hand functional electrical stimulation on
recovery after stroke: a randomized clinical trial.

Abstract

Objective: To compare the effects of unilateral, proximal aaiot-assisted therapy combined
with hand functional electrical stimulation to ing&ve conventional therapy for restoring arm
function in subacute stroke survivors.

Design: This was a single blinded, randomized controltel.tSetting: Inpatient Rehabilitation
University Hospital Participants. Forty patients diagnosed with ischemic stroke €tsince stroke
<8 weeks) and upper limb impairment were enrollater ventions: Participants randomized to the
experimental group received 30 sessions (5 seggieak) of robot-assisted arm therapy and hand
functional electrical stimulation (RAT + FES). Raeipiants randomized to the control group
received a time-matched intensive conventionakihne(ICT).Main outcome measures. The
primary outcome was arm motor recovery measurell tivé Fugl-Meyer Motor Assessment.
Secondary outcomes included motor function, arnstepey and activities of daily living.
Measurements were performed at baseline, aftereRsyat the end of treatment and at 6-month
follow-up. Presence of motor evoked potentials (MERas also measured at baseline.

Results: Both groups significantly improved all outcome meas except for spasticity without
differences between groups. Patients with modénmgtairment and presence of MEPs who
underwent early rehabilitation (<30 days post stjakemonstrated the greatest clinical
improvements.

Conclusions: A robot-assisted arm training plus hand functicelattrical stimulation was no more
effective than intensive conventional arm trainiHgwever, at the same level of arm impairment

and corticospinal tract integrity, it induced alieg level of arm recovery.

Keywords: rehabilitation; stroke; robotics; transcranial magmstimulation; upper extremity
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Abbreviations:

ANOVA: analysis of variance

BBT: Box and Block Test

Bl: Barthel Index

FES: functional electrical stimulation
FMA-UE: Fugl-Meyer Assessment — Upper Extremity
ICT: intensive conventional therapy

MAS: Modified Ashworth Scale

MCID: minimal clinically important difference
MEPs: motor-evoked potentials

OP: opponent muscle

OSP: optimal scalp position

RAT: robot-assisted therapy

rMT: resting motor threshold

TMS: transcranial magnetic stimulation

WMFT: Wolf Motor Function Test
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INTRODUCTION

The first 10 to 12 weeks post-stroke representithe window when most of the functional arm
recovery occurs? Recently, stroke rehabilitation has recognizedthgortance of a timely
intensive, task specific therapy to foster motaorery?* however evidence supporting the
superiority of one intervention over another isygtarce in subacute stroke clinical trials,
probably due to the spontaneous functional recothetyacts as prime confounder in this
rehabilitation phase. The use of technology-aidégkrventions, such as robotics and electrical
stimulation devices has been rapidly introduced @linical settings with the aim of increasing
repetitions of motor tasks and promoting the regton of motor function after stroke. Both arm
robotics and hand FES devides/e been previously tested in stroke survivorsyiding mixed
results>® Arm robotics failed to demonstrate its superioditytask-oriented training, usual therapy
or even if applied at a very early stageA more comprehensive recommendation was given in a
recent update of the Cochrane review concludingaima robotics was effective in increasing
activities of daily living, even in the subacuteoke subgroup® Jonsdottir et dl.reported a
beneficial effect of FES in addition to a task-atex approach and it seems to improve activities of
daily living in the subacute phase after strokéevertheless, a combination of the two interverstio
using commercialized devices had not been testéarso

Considering the positive effects on motor recowargirm robotics and hand FES, we explored the
effects of the combination of a shoulder-elbow tabdevicé” with a hand FES neuroprosthesis on
the whole arm recovery:**The primary aim of this study was to test the higpets that a proximal
arm robot-assisted therapy with the additionalafdgand functional electrical stimulation (RAT +
FES) during the subacute phase of rehabilitatiadchave higher benefit, compared with intensive
conventional therapy (ICT) alone, in arm and hametfion in subacute stroke patients. Moreover,
we explored the role of several factors on arm m@ocovery after rehabilitation and at 6-month
follow-up.

METHODS
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This was a prospective, randomized, single-blindedtrol study. This trial was approved by local
Ethics Committee and a written consent was providdélgorocedures were conducted according to
the ethical standards of the Declaration of Helsihke trial protocol has been registered on
ClinicalTrials.gov (NCT02267798).he data that support the findings of this stuayarailable

from the corresponding author upon reasonable stglnelusion criteria were: males and females,
aged 18-80 years with diagnosis of first, singléateral ischemic stroke verified by brain imaging
<8 weeks. To be enrolled in the study patientstbdthve an upper limb motor impairment defined
by an upper extremity score >11 and <55 on the-Meyler Assessment (FMA-UE). Patients were
excluded if they presented with neurological caodg in addition to stroke that may affect motor
function, other medical conditions likely to interé with the ability to safely complete the study
protocol, impaired cognitive functioning (score <@1the Mini Mental Status Examination), or
severe upper-limb pain defined as >7 on thealigumalogue Scale. Participants were randomized
to the two groups through a block randomizationraaph. The randomization scheme was
generated using the website http://www.randomipatiom. The random list was managed by an
administrator external to the research groupseawugnt selection bias.

The experimental group received 1 hour and 40 resaf hand FES+ RAT for each session (5
times/week over 6 weeks); the control group reakie same amount of conventional therapy.
The primary outcome for this study was to detect arotor recovery. We chose the Fugl-Meyer
motor Assessment score, which is the most sensditlgerapeutic change early after stroke in
stroke patients with arm pare$fs'®The score ranges from 0-66. Moreover, arm motoctfan

was tested with the Wolf Motor Function Test (WMRHat encompasses single or multiple joint
movements and functional tasks and that has bemessfully used in subacute and moderate to
severely affected stroke patienfs?> Gross motor function was evaluated using the BukBlock
Test (BBT) where the number of blocks that canresported from one compartment of a box to
another compartment within 1 minute is courftedrm spasticity was assessed with the Modified

Ashworth Scale (MAS¥? Furthermore, ADL independency was measured wigtBdrthel Index

4
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(BI).%® All patients were evaluated before interventiof)(Tafter 3 weeks (T1), at the end of
treatment (T2) and at 6-month follow-up (T3) byiawestigator blinded with regards to the
treatment group.

The presence/absence of TMS-induced motor-evokeshfals (MEPS) was measured as a
possible prognostic factor of recovery at baselozal TMS was performed by means of a 70-mm
figure-of-8 stimulation coil (standard Magstim glascovered coil), connected to a Magstim Bistim
(The Magstim Company, Carmarthenshire, Wales,*Uptpducing a maximum output of 2 T at the
coil surface (pulse duration, 250 Is; rise time]€0The resting motor threshold (rMT), defined as
the lowest stimulus intensity able to evoke 5 oMIBPs with an amplitude of at least 50 pV, was
determined by holding the stimulation coil over tdpgimal scalp position (OSP), defined as the
position from which MEPs with maximal amplitude weecorded for opponent (OP) muscle. The
patient was classified as MEP+ if MEPs were obgkwigh a consistent latency in response to at
least 5 stimuli, with OP latencies20 — 40 ms; MEP- if MEPs were not observed atwst 100%
maximum stimulator intensity.

The experimental group received 1 hour and 40 resaf arm rehabilitation. Specifically, a 40
minute-session of hand FES was delivered througgittery-powered programmable stimulator and
a forearm-wrist-hand orthosis containing 5 eleasodositioned to provide reliable activation of the
following muscles: extensor digitorum communis,eggor pollicis brevis, flexor pollicis longus,
flexor digitorum superficialis, and thenar musd©é200, Bioness, CA%) The intensity of

stimulation was set to a level that provided cortafiole and consistent activation of the extensor
and flexor muscles to achieve whole hand openingf@mctional grasping. Participants were
instructed to coordinate their actions with the-famged stimulation patterns programmed in the
device so as to synchronize the user’s intentiadh ®ES assistance. Although the stimulation
cycles were fixed, participants needed to engatieedicin the tasks to produce the synergistic
muscle actions throughout the upper limb requitedeffective task performance. The therapist set

up activities to involve each subject in functiorakrcises specific to their personal needs, ssich a

5
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reaching, grasping, holding and releasing or dailyvities with upper limb engagement. The
voluntary contraction during electrical stimulatimereases motor cortical excitability in the
agonist musclé® After FES training, patients received 60 minuteRAT with an end-effector
device (Reo Therapy System, Motorika Medical Lsdaélf which focused on repetitive tasks that
incorporate multidirectional reaching actions. histrobot-assisted therapy a robot manipulator
applied forces to the paretic arm during goal-dedanovements. During the session the patient's
affected hand was placed on or strapped onto dicodron and she/he was instructed to either
actively reach predefined reach points, or to bdeglwhile the robotic arm led the arm towards
these reach points.

The control group received the same time of coneeat arm therapy (100 minutes). Specific
exercises for the affected upper limb includedvactpassive and sensory exercises or functional
tasks.

In addition to arm rehabilitation, all patientseaed multidisciplinary rehabilitation based on an
individualized approach.

Baseline characteristics were reported as measstandard deviation, median and inter-quartile
range or frequency and percentage, according tablas distribution and compared among groups
to confirm the quality of randomization, using uimpd t-test, Wilcoxon-Mann-Whitney test or
Pearson’s Chi-Squared test, as appropriate. Taiigate time effects (TO, T1, T2 and T3) within
groups we applied both Analysis of variance (ANO\&hHd the alternative non-parametric
Friedman test as a confirmatory analysis; resudieeweported as mean and 95% CI. To underline
between-group differences, unpaired t-tests wer®imeed. Since stroke encompasses a wide
spectrum of characteristics, linear models werel ts@nalyse the effect of several factors (age,
sex, stroke type, affected hemisphere, comorbgjitiegnitive and sensory deficits, stroke onset,
MEPs presence/absence and arm impairment at b&sehmmotor recovery. An intention-to-treat

analysis was carried out on all outcome measuseg]ling missing data with the last observation



146 carried forward approach. Statistical analysis persormed using STATA 13 (StataCorp, College
147  Station, TX) software. Significance was recogniadeenp < 0.05.

148 We were interested in detecting a between-grodpréifice equal to the minimal clinically

149 important difference (MCID) value for FMA-UE whigk 9 + 8.8 points given a power of 80% and
150 o of 5%2° Therefore, thsample size needed resulted of at least 34 pa{ienis each group);

151 however, an increase of 20% to gdtients was adopted to account for possible doops-

152 RESULTS

153 391 consecutive patients with ischemic stroke vg8ereened between January 2014 and September
154 2016 and 40 were enrolled in the study (mediancdgé8-73), 61.5% males, 37 (21-60) median
155 days from stroke onset). One subject in the RATES [group did not receive the allocated

156 treatment due to a post-randomization drop-out redmeone patient in the ICT group did not

157 receive the allocated treatment due to an orgaaizaterror. All participants concluded the

158 rehabilitation protocols, except for a subjectia RAT + FES group who withdrew for medical
159 issues. The 17.5% (5 in the RAT + FES group amdtBe ICT group) did not return to the hospital
160 for the 6-month follow-up for personal reasons (alleattrition rate 22.5 %). The study flow

161 diagram is reported in Figure 1.

162 [INSERT FIGURE 1 ABOUT HERE]

163 The two groups were similar in demographic andicdihcharacteristics, as summarized in Table 1
164 and 2.

165 [INSERT TABLE 1 and 2 ABOUT HERE]

166 Both groups significantly improved all outcome meas (FMA-UE, BBT, WMFT, BI) over time
167 (p< 0.001) except for spasticity (MAS). The effestsre highlighted since T1 (mid-treatment

168 assessment). Results were reported in Table 3.

169 [INSERT TABLE 3 ABOUT HERE]

170 Between-group differences were not found for anyabdes, leading to the conclusion that RAT +

171 FES was not superior than ICT in increasing matoovery after stroke in a subacute phase.
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We run a linear regression model to analyse tHaante of several demographic or clinical factors
on FM-UE improvement after rehabilitation or on RMe at 6-month follow-up.

The first one was predicted by stroke onget €0.15; p = 0.005) and FMA-UE at baselifie=(-

0.18; p = 0.05), whereas arm motor function at &tm® was influenced by stroke onget=(-0.30;

p = 0.013), FM-UE at baseling € 1.0; p < 0.001) and MEPB € 13.47; 0.036). Given that arm
severity at baseline and time since stroke carohsidered as possible confounders, we categorized
our sample into subgroups according to these asab 30 days since stroke (early rehabilitation)
or > 30 days since stroke (late rehabilitation) aril points FM-UE (severe), > 21 points FM-UE
(moderate to mildj® See Table 4 and Figure 2.

[INSERT TABLE 4 ABOUT HERE]

[INSERT FIGURE 2 ABOUT HERE]

Moderate and early rehabilitation subgroups achigkie greatest clinical improvements after
rehabilitation compared to the severe and lateliétaion subgroups. Specifically, it was
statistically significant in the ICT group for seitg (+ 15.5 FM-UE points in the moderate group
compared to + 4.4 FM-UE points in the severe grgup;0.02) and in the RAT + FES group for
time since stroke (+13.7 FM-UE points in the eaélgabilitation group compared to + 6.3 FM-UE
points in the late rehabilitation group; p = 0.01).

Our analysis revealed that only 15.79% of the p&igvho were enrolled within 30 days after
stroke had a severe arm paresis, compared witl2%/vého started arm rehabilitation after 30 days
post stroke (Chi2 4.60; p = 0.032). Thus, sevexitgl time since stroke were not independent
factors. To better explore the effects of treatmmeatm severity and time since stroke on arm
recovery, a mixed-effects linear model was runyshg that only arm severity significantly
influenced FM-UE score(= -22.89; p < 0.0001) with a positive interacts®verity*time (at T2
=-5.96; p = 0.02), whereas neither time sincekstnor treatment reached statistical significance.
See Figure 3.

[INSERT FIGURE 3 ABOUT HERE]



198 We found that, in addition to severity, treatmemd MEPs significantly influenced arm motor

199 recovery over time. Patients who were allocateldAd + FES reached a higher level of arm

200 recovery p=+5.93; p = 0.016) compared to ICT, consideriagns impairment level and MEPs;
201 whereas patients with MEP+ obtained a greater anovery at 6-month follow-up€4.35;

202 p=0.011). See Figure 4.

203 [INSERT FIGURE 4 ABOUT HERE]

204 We observed the amount of practice during theraggiens (n=35) in a convenience sample.

205 During ICT (n=16) the amount of movement practi@swbserved and categorized according to
206 Lang et af’ into active exercise, passive exercise, sensatyiarctional. We reported 376.06 +
207 36.12 repetitions /each ICT session with 55.70%u€tional tasks (209.5 + 24.8) compared to
208 794.68 £ 318.50 repetitions/each RAT + FES sed§ig0.001). The session consisted of 630.47 +
209 284.90 RAT repetitions and 164.21 + 68.34 FES rapes.

210 DISCUSSION

211 This clinical trial failed to demonstrate the supgty of an arm robotics plus hand FES training on
212 atime-matched ICT in a subacute stroke populaBath groups equally improved their arm

213 impairment, arm function and activities of dailyitig after an intensive arm rehabilitation and

214 reached further gains at 6-month follow-up. Arm anaecovery, measured with the FMA-UE, was
215 clinically significant at the end of both treatmgntonsidering an MCID of 9-10 points. Similarly,
216 arm function improvement measured with the WMFT d¢tiom score reached the MCID of 1.2

217 points in both groups after 15 sessi6h$he independence in activities of daily living, mitored

218 with the BI, clinically improved after 15 sessionsnsidering a MCID value of 1.85 poirits.

219 This trial confirmed the potential role of sevefiattors (intensity, time, arm severity and integrit
220 of the corticospinal tract) on arm motor recoveitgrastroke, outlining potential recovery

221 trajectories that can be modulated by intensive r@mabilitation. Regarding intensity, the proposed
222 interventions were both more intense (~200 repaistisession in ICT and ~ 700 repetitions/session

223 in RAT + FES group) compared to usual arm rehabitin reported by Lang at al. who observed a

9
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mean of 32 functional repetitions during a usualspdtherapy sessiotl.However, a dose-response
effect of task-specific upper limb training in chio stroke patients has not been profed.

The first 30 days after stroke represent a criticaé-window for starting rehabilitation, when the
interaction between treatment and spontaneous eeggvocess can be more effectiegwever,
only 6% of stroke motor rehabilitation RCTs haveoded all patients during the first month after
stroke® In our trial we enrolled patients within 8 weekerstroke with a mean of 37 days. An
association between time since stroke and arm metowvery has been highlighted, confirming the
importance of early rehabilitation for stroke outea

Initial arm severity is the most important predrobd arm recovery after stroke and the majority of
stroke patients shows a fixed arm proportional vecpof about 7892 Patients who present an
initial severe paresis usually do not follow thi¢erand, for these patients, the study of the nitieg
of the corticospinal tract by TMS in the first dagfter stroke can be useful to predict recovery,

In this scenario, the role of arm rehabilitatiorghtibe that of accelerating and optimizing thiseim
dependent, dynamic process, through a modulatitimeo§pontaneous recovery mechaniéfs.

In our study, we confirmed the association betwaaseline arm severity and functional recovery,
even if baseline assessment was not done in gtddiv days after the stroke, as studies of stroke
recovery recommendéd>® The mixed-effects linear model outlined that giwefixed level of arm
severity and integrity of the corticospinal trabie RAT + FES group presented a higher arm
recovery over time, suggesting a potential rolthee interventions to promote recovery during
rehabilitation.

Study Limitations

In this 3-year study we enrolled subacute ischaatnake survivors with arm paresis defined by a
FMA-UE score of 12-54, within 8 weeks from strokéith this inclusion criteria, we had a
recruitment rate of 10% which is in line with otfsebacute stroke triaf$;*® however a low
proportion of patients recruited limits the genizaility of results to the entire stroke populatio

Even though we reached the predetermined sam@eaiz hypothesis on groups difference was

10
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too optimistic and further analyses on bigger saspre needed. Another limit is that our two
intensive interventions were time-matched, instgfadbse-matched. Both groups received more
therapy compared to usual arm therapy, howevegrdfisiant difference was highlighted in favor of
the experimental grouid.However, it is possible that more than repetitiaghe quality and salience
of movements trained are essential to induce mretmvery. Finally, a potential reason for the
overall negative results, is that, at this stagecharacterized our sample only based on clinical
outcomes and the integrity of the corticospinatttrincluding markers of biology, imaging,
neurophysiology or a combination of these mightriowp knowledge on the effects of arm
rehabilitation on stroke recovety.

CONCLUSION

An intensive arm training that combined RAT andd&ES, seems to not be superior to a time-
matched intensive conventional arm training, eveugh people who received RAT + FES, at the
same level of arm impairment and corticospinalttiaiegrity, reached a higher level of arm
recovery.
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Figure 2: Scatterplots showing effects of strokeatnand arm severity at baseline on arm recovery
after rehabilitation (TO-T2) and at follow-up (T3$ and dotted line for ICT group; o and

continuous line for RAT + FES group).

Figure 3: predicted arm recovery (FM-UE) as a fiomcof severity and stroke onsetgnd
continuous line for RAT+FES moderate eamMyand dotted line for ICT moderate early;and
continuous line for RAT+FES moderate lakeand dotted line for ICT moderate laseand
continuous line for RAT+FES severe easyand dotted line for ICT severe earéyand

continuous line for RAT+FES severe |la¢eand dotted line for ICT severe late).

Early =< 30 days since stroke; late = > 30 days since sinoloderate = > 21 points FM-UE;
severe = 21 points FM-UE®

Figure 4: predicted arm recovery (FM-UE) as a fiomcof corticospinal tract integrity and severity
(¢ and continuous line for RAT+FES moderate ME®and dotted line for RAT+FES moderate
MEP-; A and continuous line for ICT moderate MER+and dotted line for ICT moderate MEP-;
m and continuous line for RAT+FES severe MER-end dotted line for RAT+FES severe MEP-,
and continuous line for ICT severe MER+and dotted line for ICT severe MEP-).

Moderate = > 21 points FM-UE; severe21 points FM-UE®
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Table 1. Participants Characteristics at Baseline.

RAT + FES ICT Total
(n=19) (n=20) (n=239) P

Age, years 68 (56-71) 68 (58.5-73) 68 (58-73) 0.715
Gender, no. male (%) 12 (63.2) 12 (60.0) 24 (61.5) 0.839
Type of stroke

Subcortical, no. (%) 9 (47.4) 10 (50.0) 19 (48.7) 0.344

Cortical, no. (%) 6 (31.6) 9 (45.0) 15 (38.5)

Brainstem, no. (%) 4 (21.0) 1 (5.0) 5(12.8)
Time since stroke, days’ 39 (21-62) 32.5(20-51) 37 (21-60) 0.574
Affected hemisphere, no. left (%) 13 (68.4) 14 (70.0) 27 (69.2) 0.915
Sensory impairment, no. (%) 4(25.0) 5(27.8) 9 (26.5) 0.855
Cognitive impairment, no. (%) 4(23.5) 6 (35.3) 10 (29.4) 0.452
Comorbidities, no. ™ 1.5 (1-3) 2 (1-3) 2 (1-3) 0.384
MEPS n (%)t 7 (50.0) 9 (60.0) 16 (55.2) 0.588

Abbreviations: RAT + FES, Robot Arm Training + Functiona Electrical Stimulation; ICT, Intensive

Coventiona Therapy; p, level of significance.

"Median (interquartile range).

t FDI-TM S was performed in 14/19 RAT + FES subjects and 15/20 ICT subjects



Table 2. Baseline characteristics of subacute ischemic stvdho received RAT + FES or ICT.

RAT + FES ICT Total
(n=19) (n=20) (n=39) P
Fugl-Meyer Assessment Upper Extremity (FMA-UE)
Total score 28.8 +13.3 31.4+12.3 30.1 +12.7 0.529
Proximal score 17.4+8.4 204 £7.1 18.9+7.8 0.246
Distal score 7.8+5.7 7.6+6.5 7.7+6.0 0.902
Impairment level
Mild (score 66-49) no. (%) 1(5.3) 1(5.0) 2 (5.1)
Moderate (score 48-22) no. (%) 10 (52.6) 14 (70.0) 24 (61.5)
Severe (score 21-0) no. (%) 8 (42.1) 5 (25.0) B338
Modified Ashworth Scale, total score 1(1-4) 1.75 (1-2.5) 1.5(-3) 0.819
Box and Block Test affected arm, total scbre 7 (0-20) 6 (0-18.5) 7 (0-20) 0.728
Wolf Motor Function Test
Functional Ability Scale score 31.9+19.6 31.2+22.1 31.5+20.6 0.918
Task raté, no.” 125+104 17.3+12.3 15.0+115 0.190



Barthel Index, total scofe 80 (40-90) 75 (52.5-90) 75 (45-90) 0.724

Abbreviations: RAT + FES, Robot Arm Training + Ftinoal Electrical Stimulation; ICT, Intensive Covwemal Therapyp, level of significance.

" Mean (standard deviation).

tMedian (interquartile range)

t Task rate = 60(s)/Performance Timée{s)



Table 3. Effects of RAT+FES or ICT on primary and secondary outcome measures reported as mean (95% Cl).

ATO-T1 ATO-T2 ATO-T3 p

FMA-UE, total score RAT + FES 7.0 (4.0-10.0) 9.8 (6.6-13.0) 13.2(8.3-18.1) <0.001
ICT 7.9 (4.9-10.8) 12.8 (9.2-16.3) 16.5 (11.9-21.1) <0.001
p 0.674 0.200 0.308

FMA-UE, proximal score RAT + FES 3.3(1.2-5.49) 4.8 (2.9-6.8) 6.6 (3.9-9.3) <0.001
ICT 3.7(2.1-5.3) 5.9 (4.1-7.7) 6.5 (4.3-8.7) <0.001
p 0.760 0.404 0.937

FMA-UE distal score RAT + FES 35(1.9-5.2) 45 (2.7-6.3) 5.1(3.1-7.1) <0.001
ICT 5.2 (3.0-7.4) 5.7 (3.7-7.7) 7(4.7-9.3) <0.001
p 0.220 0.351 0.197

MAS, total score RAT + FES 0.13 (-0.88-1.14) -0.24 (-1.41-0.93) 0.37 (-0.95-1.69) 0.651
ICT -0.30 (-0.89-0.29) -0.60 (-1.18--0.02)  -0.78 (-1.55- -0.01) 0.106
p 0.446 0.564 0.127

BBT affected arm, total score RAT + FES 7.4 (1.7-13.0) 8.4 (3.2-13.6) 10.5 (4.6-16.5) <0.001
ICT 7.0 (3.1-10.8) 10.3 (5.2-15.4) 13.6 (7.6-19.5) <0.001
p 0.898 0.590 0.456



WMPFT Functiona Ability Scalescore  RAT + FES 8.0 (3.5-12.5) 11.2 (5.2-17.2) 15.7 (7.3-24.1) <0.001
ICT 11.9 (7.0-16.8) 17.1 (11.4-22.8) 23.6 (16.1-31.1) <0.001
p 0.232 0.142 0.150

WMFT Task rate’, no. RAT + FES 7.7 (3.6-11.8) 10.4 (5.5-15.3) 12.4 (5.6-19.1) <0.001
ICT 6.6 (3.3-9.9) 10.2 (5.1-15.2) 13.6 (7.8-19.4) <0.001
p 0.669 0.945 0.767

BI, total score RAT + FES 105 (3.5-17.6) 16.1 (6.7-25.4) 22.6(12.1-33.1) <0.001
ICT 9.8 (2.9-16.6) 19.3 (12.0-26.5) 24.3 (13.0-35.5) <0.001
p 0.869 0.572 0.828

Abbreviations: RAT + FES, Robot Arm Training + Functional Electrical Stimulation; ICT, Intensive Coventiona Therapy; TO, assessment before
treatment; T1, assessment after 3 weeks of treatment; T2, assessment after the end of treatment; T3, assessment at 6 months follow-up; p, level of
significance over time (Friedman Test); FMA-UE, Fugl-Meyer Assessment Upper Extremity; MAS, Modified Ashworth Scale; BBT, Box and
Block Test; WMFT, Wolf Motor Function Test; MAL, Motor Activity Log; Bl, Barthel Index; Task rate = 60(s)/Performance Time (s)



Table 4. Effectsof RAT + FES or ICT on primary outcome in subgroups stratified for arm

impairment and time since stroke reported as mean (standard error).

Impairment level Time since stroke
Moderate’ Severe® P < 30 days > 30 days p

RAT + FES (n=11) (n=8) (n=9) (n=10)

ATO-T2 +116(2.1) +7.3(20) 0161 +13.7(20) +6.3(16) 0011

ATO-T3 +11.3(22) +159(47) 0341 +138(20) +12.7(41) 0.819
ICT (n=15) (n=5) (n=10) (n=10)

A TO-T2 +155(15) +44(21) 0002 +148(18) +10.7(2.8) 0.230

ATO-T3 +18.2(2.2) +114(53) 0184 +183(2.3) +147(37) 0424

Abbreviations: RAT + FES, Robot Arm Training + Functional Electrical Stimulation; ICT,
Intensive Conventional Therapy; TO, assessment before treatment; T1, assessment after 3 weeks of
treatment; T2, assessment after the end of treatment; T3, assessment at 6 months follow-up; p,
level of significance.

2> 21 points FM-UE; < 21 points FM-UE®®



Assessed for eligibility
(n=391)

Excluded (n=351)

A 4

- Other reasons (n=10)

- Did not meet inclusion criteria (n=341)

Randomization
(n=40)

Allocated to RAT + FES (n=20)

- Received allocated intervention (n=19)

- Did not receive alocated intervention (n=1)
- Post-randomization drop-out (n=1)

Allocated to ICT (n=20)

- Received allocated intervention (n=19)

- Did not receive alocated intervention (n=1)
- Allocation error (n=1)

L ossto follow-up (n=6)

- Unableto return after hospital discharge
(n=4)

- Medical complications during the 6 months
follow-up (n=1)

Discontinued intervention (n=1)
- Medical complications unrelated to
interventions (n=1)

Lossto follow-up (n=2)
- Unableto return after hospital discharge
(n=2)

Discontinued intervention (n=0)

Analysed (n=19)
- Excluded from analysis (n=1)

Analysed (n=20)
- Excluded from analysis (n=0)
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