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Abstract 64 

This systematic review aimed to investigate timing, dose and efficacy of upper limb 65 

intervention during the first 6-months post-stroke. Three online databases were searched up 66 

to July 2020. Titles/abstracts/full-text were reviewed independently by two authors. 67 

Randomized and non-randomized studies that enrolled people within the first 6-months post-68 

stroke, aimed to improve upper limb recovery, and completed pre- and post-intervention 69 

assessments were included. Risk of bias was assessed using Cochrane reporting tools. Studies 70 

were examined by timing (recovery epoch), dose and intervention type. Two hundred and 71 

sixty-one studies were included, representing 228 (n=9,704 participants) unique datasets. The 72 

number of studies completed increased from one (n=37 participants) between 1980-1984 to 73 

91 (n=4417 participants) between 2015-2019. Timing of intervention start has not changed 74 

(median 38 days, IQR 22-66) and study sample size remains small (median n=30, IQR 20-75 

48). Most studies were rated high risk of bias (62%). Study participants were enrolled at 76 

different recovery epochs: 1 hyperacute (<24hr), 13 acute (1-7days), 176 early subacute (8-77 

90days), 34 late subacute (91-180days), and 4 were unable to be classified to an epoch. For 78 

both the intervention and control groups, the median dose was 45(IQR 600-1430) 79 

minutes/session, 1(IQR 1-1) session/day, 5(IQR5-5) days/week for 4(IQR3-5) weeks. The 80 

most common interventions tested were electromechanical (n=55 studies), electrical 81 

stimulation (n=38 studies) and constraint induced movement (n=27 studies) therapies. 82 

Despite a large and growing body of research, intervention dose and sample size of included 83 

studies were too small to detect clinically important effects. Furthermore, interventions 84 

remain focussed on subacute stroke recovery with little change in recent decades. A united 85 

research agenda that establishes a clear biological understanding of timing, dose and 86 

intervention type is needed to progress stroke recovery research. PROSPERO ID: 87 

CRD42018019367/CRD42018111629.  88 

89 
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Non-standard Abbreviations and Acronyms 90 
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Wolf Motor Function Test (WMFT) 101 
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INTRODUCTION 103 

Up to 80% of stroke survivors have upper limb motor impairment early after stroke1-3, and 104 

few demonstrate complete recovery at 6-months post-stroke4. Upper limb motor intervention 105 

trials designed to improve recovery within the first 6-months of stroke have yielded mostly 106 

neutral findings5. As a result, the burden of upper limb impairment after stroke remains high. 107 

Understanding how to improve upper limb recovery is a scientific, clinical and patient 108 

priority6-8. Indeed, a number of fundamental questions exist concerning upper limb 109 

intervention after stroke7. The Stroke Recovery and Rehabilitation Roundtable taskforce used 110 

upper limb recovery as the exemplar for their trial development framework,7 and 111 

demonstrated current uncertainty about: 1) the optimal timing of post-stroke motor 112 

intervention, 2) the optimal intervention dose, and 3) what intervention(s) might offer the 113 

most benefit. Our aim was to systematically review upper limb intervention studies that 114 

commenced within the first 6-months post-stroke to investigate timing, dose and efficacy.  115 

 116 

METHODS 117 

This systematic review was prospectively registered on PROSPERO 118 

(CRD42018019367/CRD42018111629) and a protocol paper was published9. Preferred 119 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020 statement 120 

provided the framework for reporting10. 121 

 122 

Search strategy for identification of relevant studies 123 

Electronic searches were conducted in MEDLINE (via Ovid), EMBASE (via Ovid) and 124 

Cochrane Controlled Register of Trials on 17 April 2018, and updated on 16 July 2020. The 125 

search strategy included terms related to stroke, upper limb function and movement, and 126 
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therapy and intervention (see Supplemental A, page 2). The only search strategy limit was 127 

µhuman¶.  128 

 129 

Study eligibility 130 

Inclusion criteria were: 131 

x Adults (>17 years) with a diagnosis of stroke (ischemic or hemorrhagic) and average 132 

(mean/median) stroke onset ≤6-months (or at least 50% of the sample had a diagnosis 133 

of stroke within the time frame) to reflect the window of presumed heightened 134 

potential for motor recovery11-13. 135 

x Undergoing hospital-based (in or outpatient) rehabilitation to reflect where most 136 

rehabilitation takes place during the first 6-months post-stroke. 137 

x Upper limb intervention(s) (experimental or usual care) that aimed to improve upper 138 

limb function (see below for intervention type description). No restrictions were made 139 

on the comparison or control group, e.g., attention and active control groups were 140 

eligible. 141 

x At least two waves (excluding mid-intervention) of motor impairment or activity 142 

assessment were required i.e., pre- and post-intervention. 143 

x Study design of RCT, non-RCT, cohort including observational, and pre-post single 144 

group. 145 

x Languages: English, Dutch, French, German (SFK/VT/TK fluent). 146 

 147 

Exclusion criteria were: 148 

x Interventions that were delivered in the home. 149 

x Interventions that were pharmacological e.g., recovery-promoting drugs or 150 

complimentary e.g., acupuncture, non-invasive brain stimulation or priming. 151 
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x Interventions that were focussed on reducing secondary impairments e.g., pain, 152 

contracture, spasticity, subluxation; did not include any upper limb motor practice 153 

e.g., mental/motor imagery practice alone; general motor practice e.g., activities of 154 

daily living; or non-motor impairment practice e.g., sensory, hemispatial neglect. 155 

x Designs of single case, case series, qualitative, surveys, protocols, cross-sectional and 156 

single session intervention. 157 

x Conference proceedings or reviews. 158 

 159 

Screening of studies  160 

All studies identified by the search strategy were uploaded to Covidence 161 

(https://www.covidence.org/14) and duplicates were removed. Two authors 162 

(KSH/SFK/EJD/GRH/VR) independently screened studies for eligibility based on 163 

title/abstract using the prespecified eligibility criteria. Full-text for all remaining studies were 164 

retrieved and reviewed independently (KSH/SFK/EJD/GRH/VR). Reports from the same 165 

study population were linked (KSH/EJD /GRH) to ensure that data were only included once. 166 

This was achieved by review of study authorship, clinical trial registration details (if 167 

available) and study methods for reference to linked studies. Disagreements were resolved by 168 

discussion and review of criteria between at least two additional authors 169 

(KSH/SFK/EJD/GRH).  170 

 171 

Data extraction  172 

Due to the large volume of studies, all authors completed data extraction (n≥10 articles each) 173 

using a predetermined custom-built data collection excel spreadsheet. Two virtual training 174 

sessions and three check-in sessions were held with authors via Zoom. Emails addressing 175 

queries and frequently asked questions during extraction were distributed as required. All 176 

about:blank
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demographics, time post-stroke, intervention type and dose, as well as clinical outcome data 177 

were cross-checked by a second reviewer (KSH/EJD/GRH). All discrepancies were discussed 178 

with a third reviewer for consensus (KSH/SFK/EJD/GRH). If a resolution could not be 179 

achieved, a statistician (LC) reviewed the paper to make the final decision. The data 180 

extraction form was detailed in the protocol paper9 and summarized below.  181 

 182 

Demographics: Mean/median study sample age, proportion of male and female participants, 183 

mean/median days post-stroke to trial enrolment or treatment commencement, and proportion 184 

of ischemic and hemorrhagic participants, as well as country where the study was conducted 185 

were extracted.  186 

 187 

Study design: Study design (RCT, non-RCT, cohort, pre-post), clinical trial registration 188 

(yes/no), trial phase (phase I/II/III/IV15), safety (i.e., planned safety protocol in method and 189 

actual report of adverse events in the results, yes/no), assessment time-points (i.e., pre, post, 190 

follow-up), and stratification (performed yes/no) were extracted. Report of eligibility 191 

criterion (yes/no) related to upper limb function (impairment or activity), stroke severity, first 192 

stroke, cognition, language, sensation, perception and time post-stroke were also extracted.  193 

 194 

Time post-stroke: Mean/median group values from stroke onset to study enrolment or 195 

intervention start as reported by each study, and reported study eligibility criterion related to 196 

timing were extracted. All time post-stroke data were transformed into days (i.e., for 197 

multiplication of month data, 1-month = 30-days). Each study was allocated to a post-stroke 198 

recovery epoch based on mean/median group values. If these data were not available, we 199 

classified studies based on their eligibility criterion. The Stroke Rehabilitation and Recovery 200 

Roundtable taskforce defined recovery epochs were used to standardize allocation16: 201 
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hyperacute, d24-hours post-stroke; acute, >24-hours but d7-days post-stroke; early subacute, 202 

>7-days but d3-months post-stroke, and late subacute, >3-months (>90-days) but d 6-months 203 

(d180-days) post-stroke. If required (e.g., number of studies per epoch ≥50), early subacute 204 

and late subacute were further subcategorized into 1-month epochs (e.g., early subacute 205 

epoch 1: 8- to 30-days; early subacute epoch 2: 31- to 60-days etc.).  206 

 207 

Dose: To gather the most consistent data across studies17, dose dimensions18 pertaining to 208 

interventions provided to the hemiplegic upper limb for duration (weeks of intervention), 209 

days (days/week intervention provided), sessions (number/day) and session length 210 

(minutes/session) and were extracted from the methods (planned dose). Dose dimensions 211 

related to an episode within a single session were not examined i.e., intensity or difficulty18. 212 

Using these data, total intervention dose (minutes) was calculated if not reported by study 213 

authors. If only some dose dimensions were provided (e.g., total intervention dose and 214 

number of sessions), this information was used to define missing dose dimension(s) (e.g., 215 

session length). In line with capturing hemiplegic limb intervention dose only, non-216 

hemiplegic intervention dose was not extracted (e.g., sling use within constraint protocols). 217 

The proportion of studies that delivered a potentially important threshold dose (≥2-hours/day) 218 

for motor recovery was noted19. We extracted (yes/no) if any dimensions of actual dose 219 

completed within the intervention were reported in the study results. Where able, the same 220 

dose dimensions were extracted for the control intervention and usual (or 221 

standard/conventional) therapy. 222 

 223 

Upper limb intervention type: Categorized based on the intervention description of the 224 

comparison of interest in the aim, description in the methods, or pictures included. 225 

Intervention type categories were consistent with a previously published Cochrane review of 226 
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upper limb intervention20: bilateral arm training, biofeedback, bobath approach, constraint-227 

induced movement therapy, electrical stimulation, hands-on therapy (manual therapy 228 

techniques), repetitive task training, electromechanical devices (including robotics), strength 229 

training, task-specific training, virtual reality, standard therapy, mirror therapy, video game-230 

based intervention, music therapy or other. 231 

 232 

Outcome measures: To document upper limb recovery, change (impairment or activity) 233 

across two assessment waves (e.g., pre- to post-intervention) was examined. The clinical 234 

outcome considered to best reflect recovery of upper limb impairment, and recommended by 235 

the international Stroke Rehabilitation and Recovery Roundtable taskfroce,21 was the Fugl 236 

Meyer Upper Limb (FMUL) assessment9. The order for upper limb activity measures was 237 

Box and Block Test (BBT), Wolf Motor Function Test (WMFT) rate, Action Research Arm 238 

Test (ARAT), and WMFT scale, which reflects prioritisation of timed measures (e.g., BBT) 239 

over observational measures (e.g., ARAT)9. Data were extracted (mean(SD) or median(IQR)) 240 

for each assessment wave by study group, as well as within group change scores (post-241 

intervention minus pre-intervention). PlotDigitizer V2.6.9 interpretive software was used to 242 

extract missing data from figures. Using pre- to post-intervention mean/median change 243 

scores, two authors (KSH/EJD) determined if a minimal clinical important difference 244 

(MCID) was achieved for the intervention group (or largest dose contrast to the control or 245 

intervention of contrast per the study aim if multiple intervention groups) and the control 246 

group. If there was uncertainty in data reporting, a third reviewer reviewed the data (NAL). 247 

Accepted MCID scores were applied to inform efficacy: FMUL ≥5.25 points22, BBT ≥5.5 248 

points23, WMFT-rate ≥2 seconds and WMFT-scale ≥0.4 points24, and ARAT ≥5.7 points25. 249 

Data were considered missing if there were no outcome data for a particular measure or data 250 
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were not extractable (e.g., data had been log transformed so could not be used to determine 251 

MCID, FMUL was not reported out of 66 points as reflex items were not performed). 252 

 253 

Risk of bias and intervention reporting 254 

Cochrane Risk of Bias (ROB-2) tool was used to rate bias across five domains for RCTs26. 255 

All other designs were rated using the Risk Of Bias In Non-Randomized Studies - of 256 

Interventions (ROBINS-I) tool27. These tools were completed during data extraction. 257 

Intervention reporting was rated using the TIDieR checklist28. At least 30% of each author¶s 258 

ROB/TIDieR ratings were crosschecked by another author (EJD/GRH). If consistent errors 259 

were identified within a rater, all ROB/TIDieR ratings for a rater were cross-checked. All 260 

inconsistencies were discussed between two authors (KSH/SFK/EJD).  261 

 262 

Data synthesis 263 

Demographics and study design variables were tallied, and reported as median (IQR), 264 

minimum to maximum range, or number of studies (percentage) as appropriate. Due to the 265 

heterogeneity of data across recovery epochs, dose and efficacy outcomes, as well as the high 266 

proportion of study with bias concerns, no pooled analyses were performed. Descriptive data 267 

for each recovery epoch, as well as dose and intervention type by recovery epoch were 268 

tallied, and reported as median (IQR), minimum to maximum range, or number of studies 269 

(percentage) as appropriate. 270 

 271 

RESULTS 272 

Summary of included studies  273 

Database searching yielded 16,399 results, with 261 included studies that represented 228 274 

unique study datasets (n=9,704 participants). The PRISMA flow chart is provided in Figure 275 
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1. The primary reason for exclusion at full-text was recruitment of participants more than 6-276 

months post-stroke (43%). The demographics of participants across studies are reported in 277 

Table 1. A summary of each included study is provided in Supplemental B (see page 3) and 278 

C (see page 8) and references for included studies are in Supplemental D (see page 56).  279 

Most studies had an eligibility criterion related to upper limb impairment or activity (n=201, 280 

88.2%; e.g., available range of movement or outcome on a particular measure such as Fugl 281 

Meyer Upper Limb), cognition (n=184, 80.7%; e.g., general statements such as capacity to 282 

follow instructions or give informed consent, as well as outcome on a particular measure such 283 

as Mini-Mental State Examination), first stroke only (n=133, 58.3%), and language (n=118, 284 

51.8%; e.g., primary language spoken, aphasia status). Few studies had an eligibility criterion 285 

related to sensation or perception (n=85, 37.3%; e.g., neglect or sensory loss) or stroke 286 

severity (n=16, 7.0%; e.g., using NIHSS, Scandinavian Stroke Scale or modified Rankin 287 

Scale). 288 

 289 

 290 

Insert here 291 

Figure 1: PRISMA study selection flow diagram. 292 

 293 

Insert here: 294 

Table 1: Study demographics 295 

 296 

 297 

Trends across upper limb studies completed during the first 6-months post-stroke 298 

The number of studies per 5-year window increased from one (n=37 participants) between 299 

1980-1984 to 91 (n=4,417 participants) between 2015-2019 (Figure 2 Panel A). The median 300 
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days post-stroke (median 37.7 days IQR 22.0-65.9; Figure 2, Panel B) and sample size 301 

(median 30.0, IQR 20.0-48.0; Figure 2 Panel C) have remained stable over time.  302 

 303 

The majority of studies were rated to have high (ROB-2, n=97 out of 174 RCTs) or 304 

serious/critical (ROBINS-I, n=44 out of 54 non-RCTs) risk of bias. Intervention reporting 305 

using TIDieR was variable. While overall, most studies reported few TIDieR intervention 306 

items (53% scored 6 or less out of 12 on TIDieR), there was demonstration of an 307 

improvement in the median TIDieR scores in the last decade. Risk of bias and TIDieR 308 

outcomes by calendar year are presented in Figure 2 Panel A (for each study see 309 

Supplemental B, page 3).  310 

 311 

Insert here: 312 

Figure 2: Number of studies, Risk of Bias, TIDieR, time post-stroke and sample size over 313 

time across included upper limb studies. 314 

Panel A: Stacked bar chart defines the number of studies per year (black) and the number of 315 

high/serious/critical risk of bias (red) for n=228 studies. The blue dashed line represents the 316 

median TIDieR score for studies reported per calendar year. 317 

Panel B: Median time post-stroke in days for studies per calendar year for n=219 with 318 

reported data out of 228 studies. 319 

Panel C: Median sample size for studies per calendar year for n=228 studies. Note: 2020 320 

was an incomplete year with the search last updated in July 2020. 321 

 322 

Timing of intervention  323 

Out of 228 studies, 188 studies (82%) determined eligibility using time post-stroke. A total of 324 

219 studies (96%) reported the actual mean or median time from stroke onset to study 325 
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enrolment or intervention start. Only 47 studies (21%) provided a justification for 326 

intervention timing. Across all studies the median days to intervention start was 37.7 (IQR 327 

22.0 to 65.9); consistent with early subacute recovery epoch 2 (30- to 60-days). There was 328 

one study (n=128 participants) that started intervention during the hyperacute phase, 13 329 

(n=652) during the acute phase, 176 (n=7,803) during the early subacute phase (88 [n=4,485] 330 

epoch 1: 8-30 days, 60 [n=2,470] epoch 2: 31-60 days, and 22 [n=610] epoch 3: 61-90 days; 331 

6 (n=238) unable to be further classified), and 34 (n=1,024) in the late subacute phase. There 332 

were 4 (n=97) studies completed within the first 6-months with insufficient information to 333 

allocate a recovery epoch.  334 

 335 

Dose of intervention  336 

The proportion of studies that reported each dose dimension for intervention, control and 337 

usual care, as well as by recovery epoch, are presented in Table 2. The poorest dimension 338 

reported was total intervention dose. Reporting of actual dose completed was also poorly 339 

reported: 11 studies reported any dimension of actual intervention dose, 8 studies reported 340 

any dimension of actual control dose, and 5 studies reported any dimension of actual usual 341 

care dose. In the intervention group, 71% (n=163) received usual care on top of the 342 

intervention dose, while when the control group was not usual care, but another intervention, 343 

53% (n=100) received usual care on top of the control dose. 344 

 345 

The intervention group was dose matched to the control group in the majority of studies (124 346 

out of 188 studies with 2 or more groups; 66%). Therefore, for both the intervention and 347 

control groups, the median dose was 45 minutes/session, 1 session/day, 5 days/week for 4 348 

weeks. Few studies (n=28, 12%) provided at least 2 hours/day of intervention. In general, the 349 

largest median total dose in minutes tested was during the acute recovery epoch.  350 
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Efficacy of upper limb intervention  351 

A summary of MCID outcomes by recovery epoch are presented in Figure 3A for impairment 352 

and Figure 3B for activity (for individual studies see Supplemental B, page 3). Irrespective of 353 

the recovery epoch, the MCID (dichotomized as achievement or not) for studies with at least 354 

two groups was mostly the same i.e., if the intervention achieved a MCID, the control group 355 

also achieved a MCID. For impairment, 102 studies contained data to permit interpretation of 356 

a MCID. In 69% (n=70) of these studies, impairment outcomes were similar: 62% (n=63) 357 

showing MCID in both groups, and 7% (n=7) showing neither group achieved MCID. For the 358 

activity outcome, 107 studies contained data to permit interpretation of a MCID. In 67% 359 

(n=72) of these studies, activity outcomes at end of intervention were similar: 55% (n=59) 360 

showing MCID in both groups, and 12% (n=13) showing neither group achieved MCID. 361 

Across all studies with MCID data (and within each recovery epoch), less than one third 362 

demonstrated an MCID in the intervention group but not in the control group.  363 

 364 

 365 

Insert here: 366 

Table 2: Median, minimum and maximum for common dose dimensions, and proportion of 367 

studies that reported each dose dimension. 368 

 369 

Insert here: 370 

Figure 3: A. Impairment and B. Activity outcomes. Minimal clinical important difference 371 

(MCID) for intervention and control groups by recovery epoch post-stroke. There was one 372 

study in hyperacute phase of recovery, 13 in the acute phase, 176 in the early subacute phase 373 

(88 in epoch 1, 60 in epoch 2, and 22 in epoch 3), 34 in the late subacute phase, and 10 374 

unable to be subcategorised. No control group applies to the single group non-RCT studies.  375 
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Upper limb intervention type  376 

The number of studies per intervention type are reported in Table 1 and distribution by 377 

recovery epoch in Figure 4.  378 

 379 

 380 

Insert here: 381 

Figure 4: Stacked bar chart demonstrating when each upper limb intervention type has been 382 

tested across the first 6-months post-stroke. 383 

 384 

 385 

DISCUSSION 386 

This systematic review shows an increase over time in stroke recovery research focused on 387 

improving upper limb recovery during the first 6-months post-stroke. However, timing of 388 

intervention start post-stroke and sample size have remained relatively stable, and risk of bias 389 

remained modest. Intervention reporting has seen an improvement in the last decade 390 

(TIDieR28). The dose chosen for testing in most studies was less than 1 hour/day, which may 391 

be too low to drive best motor recovery17,19. Most interventions tested did not result in a 392 

MCID in favour of the intervention group. These findings from over 40 years of research, 393 

highlight the need to reflect and consider how our research needs to change to create 394 

opportunities to identify interventions that deliver the recovery gains that people living with 395 

stroke, their carers and clinicians need. 396 

 397 

We deliberately restricted this review to studies that enrolled participants within 6-months of 398 

stroke onset as this is considered to reflect a window of heightened potential for motor 399 

recovery11-13. Within this period, the recovery epoch with the highest proportion of studies 400 



 Hayward et al.,   18 

included was early subacute epoch 1 (8- to 30-days post-stroke), which corresponds with 401 

engagement in inpatient rehabilitation services in many countries. Whether the timing of 402 

intervention start in these studies was pragmatically driven or specifically selected to take 403 

advantage of the hypothesised µplasticity window¶ was not clear. Few authors provided a 404 

rationale for their timing choice (20.6%). Establishing a strong biological rationale for 405 

selection of clinical intervention timing would complement the preclinical evidence that 406 

exists11,29, and strongly guide timing selection in future studies. If the optimal time is within 407 

the first few weeks of stroke onset, it must be acknowledged that trials starting this early can 408 

be challenging. People can be awaiting tests to confirm a stroke diagnosis, may be medically 409 

unstable or experiencing neurological decline, or may be processing the acute event 410 

preventing consideration of therapy focused research requests30. Furthermore, considerable 411 

spontaneous biological recovery occurs during this early epoch12,16,31. This means that not all 412 

recovery achieved early after stroke can be attributed to the intervention tested. Disentangling 413 

spontaneous and intervention related recovery is currently difficult. This is often the rationale 414 

for starting upper limb recovery studies beyond 6-months post-stroke (i.e., stable motor 415 

status32). Moving forward we need to identify efficient and effective ways to recruit and treat 416 

stroke patients in earlier epochs if indeed a window exists in which our interventions should 417 

be applied at high(er) doses for maximum benefit.  418 

 419 

Both the lack of justification for and variability in dose prescribed across included studies 420 

suggests dose selection to date has been pragmatic. There was little difference in the median 421 

dose for intervention and control groups, nor between the median dose within each recovery 422 

epoch. All were broadly consistent with standard care descriptions from recent observational 423 

reports i.e., 45 to 60-minutes/day33. Yet, such a dose has been acknowledged to be 424 

insufficient to optimise upper limb recovery in systematic reviews with meta-analysis17,19. 425 
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The most recent suggestion is that 2 or more hours/day represents a dose threshold that leads 426 

to clinically meaningful improvements19. We found few studies (<13%) delivered a dose at or 427 

beyond this threshold within the first 6-months post-stroke. On top of low dose therapy, most 428 

studies were dose-matched (>65%). Dose matched studies are largely comparative 429 

effectiveness in design, suggestive of phase IIb or III trials. Only one phase I trial34 has been 430 

completed to date, limiting the articulation of safe and tolerable dose ranges for a given upper 431 

limb intervention, and few phase IIa trials to identify the optimal dose(s) to take forward into 432 

a comparative effectiveness trial35. The lack of early phase trials adds further weight to the 433 

likelihood that dose selection within included studies was likely pragmatic. Completion of 434 

phase I and IIa trials requires adherence to systematic clinical trial phasing15,36, which could 435 

see trials deliver a dose that is biologically and mechanistically informed.  436 

 437 

This review highlights the need to improve the design of recovery studies7 and the quality of 438 

reporting37. One in four studies were registered with a clinical trial registry. The International 439 

Committee of Medical Journal Editors (ICMJE) encouraged registration of trials from July 440 

200538, and some rehabilitation journals mandated registration in the late 2000s (e.g., 441 

Physical Therapy transparently reported starting January 1, 200839). As of May 2021, 12 of 442 

the top 20 ranked journals (2019 µRehabilitation¶ Journal Citation Reports, Web of Science) 443 

mandated prospective clinical trial registration on their website. This highlights a key gap to 444 

close. Surprisingly, very few studies reported (15%) or collected (30%) safety data (i.e., 445 

adverse events). Adverse events reporting should be standard in clinical research40, and 446 

assuming that therapy-based interventions are safe is naïve41,42. The impact of upper limb 447 

intervention on pain, contracture, spasticity, falls or other potentially related adverse events 448 

needs to be consistently considered. A large proportion of included studies were rated to have 449 

a high risk of bias26, which remained unchanged with time. Higher risk of bias impacts 450 
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confidence in the true effect of an intervention. While many studies had modest intervention 451 

reporting (TIDieR), there was an indication of improvement in the last decade, which is in 452 

line with the TIDieR publication date28. Reporting of dose dimensions18 examined was 453 

variable and was particularly poor concerning usual care, which is consistent with previous 454 

reviews in stroke recovery42,43. Given usual care varies greatly around the world, and in some 455 

countries is influenced by payment systems, better reporting than ³plus usual therapy´ is 456 

necessary. Such statements provide no information to understand the dose of background 457 

therapy received, which may contaminate study outcomes. There was also little consideration 458 

for how much of the planned dose (described in the methods) was actually delivered to 459 

participants44. While enhanced research training will improve a number of these elements, the 460 

role of ethics committees, journals and journal editors to motivate the field to overcome these 461 

limitations cannot be ignored. Ethics committees can enforce adherence to good clinical 462 

practice standards that include safety data collection, while journals and editors can enforce 463 

adherence with standards established by ICMJE, TIDieR, and other reporting guidelines 464 

available on EQUATOR network such as CONSORT for RCTs. This may require the use of 465 

supplemental materials to enhance transparent reporting.  466 

 467 

Appropriate funding of earlier phase stroke recovery research and establishment of stroke 468 

recovery research networks could help overcome many problems highlighted by this review. 469 

It is expensive to conduct systematic, phased clinical research that tests high(er) intervention 470 

doses, and collects intervention, control, and usual care dose data in sufficient detail. 471 

However, appropriately supporting such research will position the field to learn far more than 472 

what can be gleaned from many of the small trials included in this review. To develop an 473 

economy of scale, conducting investigator-initiated trials within networks can foster 474 

collaborations, leverage and maximize expertise, enhance recruitment, ensure equitable 475 
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distribution of resources, and promote collection of consistent data elements45. Some 476 

countries have established stroke recovery trial networks: UK Stroke Research Network (now 477 

decommissioned), StrokeNet46 funded by the NIH and CANSTROKE47 funded by Brain 478 

Research Canada. None have yet reported on their impact to improve trial design, quality or 479 

outcomes. The recently formed International Stroke Recovery and Rehabilitation Alliance 480 

(ISRRA) aims to develop flagship projects that may build critical trial capacity and 481 

partnerships globally48. These initiatives are key to align research interests to collectively 482 

design and deliver scientifically transformative stroke recovery research.  483 

 484 

Limitations 485 

This review has limitations. Firstly, we did not conduct pooled analyses due to the large 486 

volume of outcome data not collected by individual studies (e.g., did not collect FMUL or 487 

used a brief version of the FMUL) or insufficiently reported (e.g., log transformed data 488 

without raw scores), large proportion with high risk of bias and generally small sample size 489 

of included studies. To support pooled interpretation and comparison of findings across 490 

recovery epochs, dose and intervention type, we encourage researchers to use supplemental 491 

materials to transparently report the intervention (e.g., TIDieR checklist28) and detail dose 492 

dimensions18; adhere to common data elements21; and report original scores along with any 493 

transformed data. Secondly, we did not search for gray literature, such as conference 494 

abstracts or theses, included non-English studies from a small selection of countries, and 495 

searched for articles up to until July 2020. Given the large volume of studies that were 496 

included, it is unlikely that the inclusion of additional studies would lead to significant 497 

changes in our findings. We did not include home-based interventions as this review was 498 

targeting hospital-based interventions. Broadening to home-based interventions would have 499 

led to a higher yield of included studies. 500 
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 501 

Conclusions 502 

Due to the lack of consistent data elements, there was insufficient evidence to conclude the 503 

optimal time to commence upper limb intervention post-stroke, nor the effect of timing and 504 

dose on efficacy. As such, there has never been a more important time for stroke recovery to 505 

establish a united agenda to collectively address the biggest problems, whilst adopting a 506 

systematic approach to stroke recovery research that adheres to international standards. 507 

Similar to our acute stroke colleagues49, we can expect to have more trial failures before we 508 

succeed50,51. But with appropriate investment in upper limb recovery research, we can build a 509 

clear biological rationale for the selection of timing, dose and intervention type post-stroke. 510 

 511 
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Table 1: Study demographics  689 

Age, n=210 studies^: from the mean reported in studies 

median (IQR) 

^n=18 reported median as raw data or did not report age data.  

 

61.4 (58.0-65.9) 

 

Sex, n=216 studies*: n participants, proportion 

Male 

Female 

*n=12 studies did not report sex by participant  

 

5429, 58% 

3906, 42%  

 

Stroke type, n=173 studies*: n participants, proportion 

Ischemic participants 

Hemorrhagic participants 

*n=55 studies did not report stroke type by participant  

 

6422, 83% 

1276, 17%  

 

Design, n=228: n studies, proportion  

RCT  

Non-RCT 

 

174, 76% 

54, 24% 

Continent, n=228: n studies, proportion 

Europe  

Asia  

North America   

Australia/New Zealand  

South America  

Africa  

 

97, 43% 

85, 37% 

27, 12% 

14, 6% 

3, 1% 

2, 1% 

Time post-stroke, n=228: n studies, proportion  

Hyperacute, ≤24-h post-stroke  

Acute, >24-h but ≤7-days post-stroke 

 

1, <1% 

13, 6% 
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Early subacute, >7-days but ≤3-months post-stroke  

Late subacute, >3-months but ≤6-months post-stroke 

Not stated  

176, 77% 

34, 15% 

4, 2% 

Primary outcome, n=228: n studies, proportion 

Fugl Meyer Upper Limb (FMUL)  

Action Research Arm Test (ARAT) 

Wolf Motor Function Test-Rate (WMFT-Rate) 

Box and Block Test (BBT) 

Motor Assessment Scale (MAS)  

Wolf Motor Function Test-scale (WMFT-Scale)  

Other  

Not stated  

 

31, 14% 

26, 11% 

5, 2% 

4, 2% 

2, 1% 

3, 1% 

26, 11% 

131, 57% 

Intervention type, n=228: n studies, proportion  

Electromechanical and robotic therapy  

Electrical stimulation   

Constraint-induced movement therapy (CIMT)  

Repetitive task training  

Virtual reality^   

Mirror therapy^ 

Task-specific training   

Video game-based intervention 

Strength training  

Hands on therapy 

Bilateral arm training  

Biofeedback  

 

55, 24%  

37, 16% 

28, 12% 

23, 10% 

22, 10% 

19, 8% 

10, 4% 

6, 3% 

5, 2% 

5, 2% 

4, 2% 

4, 2% 
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Bobath approach  

Music therapy  

Mental practice^  

Standard therapy  

4, 2% 

3, 1% 

2, 1% 

1, <1% 

Study design and reporting characteristics, n=228: n studies, proportion 

Trial registration, yes: n studies, proportion  56, 25% 

Reported trial phase, yes: n studies, proportion 5, 2.2% 

Stratification included in design, yes: n studies, proportion  43, 18% 

Included a biomarker assessment, yes: n studies, proportion 23, 10% 

Safety described in methods, yes: n studies, proportion  35, 15% 

Safety reported in results, yes: n studies, proportion 70, 30% 

^All interventions included upper limb motor practice e.g., mental practice was paired with 690 

motor intervention. 691 
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Table 2: Median (IQR), minimum to maximum, and reporting by studies for each dose dimension. 692 

Intervention Total intervention dose, 

minutes Session length, minutes Sessions, per day Days, per week 

Duration, total 

weeks 

AOO VWXdieV, n=229# 

Median(IQR), min-max, 

n(%) 

900(600-1430), 180-7200, 

195(85.2) 

45(30-60), 10-480, 

207(90.4) 

1(1-1), 1-4, 

214(93.4) 

5(5-5), 2-7, 

210(91.7) 

4(3-5), 1-20, 

209(91.3) 

H\SeUacXWe, n=1 

Median(IQR), min-max, 

n(%) 

1200(NA), NA, 1(100.0) 60(NA), NA, 1(100.0) 
2(NA), NA, 

1(100.0) 

5(NA), NA, 

1(100.0) 

2(NA), NA, 

1(100.0) 

Acute, n=13 

Median(IQR), min-max, 

n(%) 

1200(1125-1800), 630-

3600, 12(92.3) 

45(30-98), 20-180, 

13(100.0) 

1(1-2), 1-3, 

13(100.0) 

5(5-5), 5-7, 

12(92.3) 

4(3-5), 2-12, 

12(92.3) 

Early subacute 1, n=88 

Median(IQR), min-max, 

n(%) 

800(600-1350), 180-3600, 

78(88.6) 

45(30-60), 10-180, 

83(94.3) 

1(1-1), 1-4, 

83(94.3) 

5(5-5), 3-6, 

79(90.0) 

4(2-5), 1-20, 

78(90.0) 

Early subacute 2, n=60 

Median(IQR), min-max, 

n(%) 

900(585-1410), 300-7200, 

52(86.7) 

45(30-60), 10-480, 

54(90.0) 

1(1-1), 1-2, 

53(88.3) 

5(5-5), 3-7, 

54(90.0) 

4(3-6), 2-12, 

54(90.0) 

Early subacute 3, n=22 

Median(IQR), min-max, 

n(%) 

900(540-1800), 300-3600, 

22(100.0) 

45(30-60), 10-180, 

22(100.0) 

1(1-1), 1-2, 

21(91.3) 

5(5-5), 3-5, 

21(91.3) 

4(3-4), 2-8, 

22(100.0) 
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Late subacute, n=34 

Median(IQR), min-max, 

n(%) 

720(540-1350), 300-4500, 

33(97.1) 

40(30-60), 20-360, 

34(100.0) 

1(1-1), 1-2, 

33(97.1) 

5(5-5), 2-6, 

33(97.1) 

4(3-4), 2-10, 

34(100.0) 

Control      

AOO VWXdieV, n=188^ 

Median(IQR), min*-max, 

n(%) 

900(540-1350), 0-7200, 

145(77.1) 

45(30-60), 0-480, 

153(81.4) 

1(1-1), 0-3, 

156(83.0) 

5(5-5), 0-7, 

159(84.6) 

4(3-5), 0-20, 

160(85.1) 

H\SeUacXWe, n=1 

Median(IQR), min*-max, 

n(%) 

1200(NA), NA, 1(100.0) 60(NA), NA, 1(100.0) 
2(NA), NA, 

1(100.0) 

5(NA), NA, 

1(100.0) 

2(NA), NA, 

1(100.0) 

Acute^, n=12 

Median(IQR), min-max, 

n(%) 

300(300-1800), 240-2100, 

6(50.0) 

60(30-68), 20-180, 

7(58.3) 

1(1-1), 1-3, 

7(58.3) 

3.5(2-5), 1-7, 

6(50.0) 

4(4-5), 2-5,  

5(41.7) 

Early subacute 1^, n=76 

Median(IQR), min*-max, 

n(%) 

900(510-1200), 0-5400, 

63(83.0) 

45(30-60), 0-360, 

66(86.8) 

1(1-1), 0-2, 

66(86.8) 

5(5-5), 0-6, 

67(88.2) 

4(3-5), 2-20, 

66(86.8) 

Early subacute 2^, n=49 

Median(IQR), min-max, 

n(%) 

960(555-1430), 69-7200, 

41(83.7) 

30(30-60), 10-480, 

41(83.7) 

1(1-1), 1-2, 

41(83.7) 

5(5-5), 3-7, 

43(87.8) 

4(3-6), 2-12, 

44(90.0) 

Early subacute 3^, n=17 1080(750-1800), 200-

2520, 15(88.2) 

60(38-60), 10-90, 

15(88.2) 

1(1-1), 1-2, 

14(82.4) 

5(5-5), 3-5, 

14(82.4) 

4(4-6), 2-8, 

16(94.1) 
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Median(IQR), min-max, 

n(%) 

Late subacute^, n=23 

Median(IQR), min*-max, 

n(%) 

625(600-1200), 0-4500, 

21(91.3) 

30(30-60), 0-300, 

21(91.3) 

1(1-1), 0-2, 

21(91.3) 

5(5-5), 0-6, 

21(91.3) 

4(3-4), 0-6, 

22(95.7) 

Usual care      

AOO VWXdieV, n=229# 

Median(IQR), min-max, 

n(%) 

1200(698-1800), 240-

5400, 67(29.3) 

60(30-60), 15-360, 

77(33.6) 

1(1-2), 1-4, 

87(38.0) 

5(5-5), 1-7, 

95(41.5) 

4(3-4), 2-20, 

4(41.0) 

H\SeUacXWe, n=1 

Median(IQR), min-max, 

n(%) 

1200(NA), NA, 1(100.0) 60(NA), NA, 1(100.0) 
2(NA), NA, 

1(100.0) 

5(NA), NA, 

1(100.0) 

2(NA), NA, 

1(100.0) 

Acute, n=13 

Median(IQR), min-max, 

n(%) 

300(300-300), NA, 1(7.7) 20(20-20), NA, 1(7.7) 1(1-1), NA, 1(7.7) 5(5-5), NA, 1(7.7) 3(3-3), NA, 1(7.7) 

Early subacute 1, n=88 

Median(IQR), min-max, 

n(%) 

1300(765-3450), 300-

5400, 32(36.4) 

60(47-101), 30-360, 

36(40.9) 

1(1-1), 1-3, 

35(39.8) 

5(5-5), 2-6, 

39(44.3) 

3(3-4), 2-20, 

40(45.5) 

Early subacute 2, n=60 

Median(IQR), min-max, 

n(%) 

1200(900-1800), 450-

2700, 24(40.0) 

60(30-60), 30-180, 

26(43.3) 

1(1-2), 1-4, 

28(46.7) 

5(5-5), 1-7, 

30(50.0) 

4(3-6), 2-8, 

30(50.0) 
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Early subacute 3, n=22 

Median(IQR), min-max, 

n(%) 

720(675-1400), 600-2520, 

8(36.4) 

45(43-53), 30-60, 

8(36.4) 

1(1-1), 1-2, 

7(31.8) 

5(5-5), 2-5, 

8(36.4) 
4(3-4), 2-8, 9(40.9) 

Late subacute, n=34 

Median(IQR), min-max, 

n(%) 

600(495-950), 240-1500, 

14(41.2) 

30(30-45), 15-60, 

14(41.2) 

1(1-1), 1-2, 

13(38.2) 

5(5-5), 2-6, 

13(38.2) 

4(3-4), 2-8, 

14(41.2) 

 693 

Notes: NA not applicable as only one study had data available. Not all studies could be classified to a recovery epoch (n=10). 694 

# One study contained two individual trials which were treated separately.  695 

^ Represents the number of studies after single group studies were removed, ie they did not have a control group.  696 

* There were three studies with a control group that received no intervention. Removing these three studies across all studies, the minimum total 697 

dose, minute=69; session length, minutes=10; sessions/day=1; days/week=1; and total weeks=2. Removing two relevant studies within the early 698 

subacute 1 epoch, the minimum total dose, minutes=240; session length, minutes=10; sessions/day=1; days/week=1; and total weeks=2. 699 

Removing one relevant study within the late subacute epoch, the minimum total dose, minutes=400; session length, minutes=20; 700 

sessions/day=1; days/week=3; and total weeks=2. 701 
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