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Abstract

Objective—1) Determine if higher doses of motor therapy in chronic post-stroke hemiparesis 

result in better outcomes compared to lower doses, and 2) Evaluate potential modifiers of the dose-

response relationship.

Methods—Eighty-five adults with UE paresis ≥ 6 months after stroke were randomized to one of 

four dose groups in this single-blind, parallel, RCT. The dosing parameter manipulated was 

amount of task-specific training, as indexed by the number of task repetitions. Groups received 

3200, 6400, 9600, or Individualized Maximum (IM) repetitions, during 1 hr sessions, 4 days/week 

for 8 weeks. The intervention was an individualized, progressive task-specific upper limb training 

program designed to improve upper limb functional motor capacity. The primary outcome was the 

slope of the Action Research Arm Test (ARAT) during the intervention. Effects of dose and 

potential modifiers of the dose-response relationship were evaluated with hierarchical linear 

models.
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Results—ARAT scores for the 3200, 9600, and IM groups improved over time as indicated by 

slopes (ΔARAT/wk, mean ± SEs) of 0.40 ± 0.15, 0.31 ± 0.16, and 0.66 ± 0.14, respectively (p < 

0.05). The slope of the 6400 group was smaller (−0.05 ± 0.15) and significantly different from the 

3200 and IM groups (p < 0.001). Initial motor capacity, neglect, and other tested characteristics 

did not modify the dose-response relationship.

Interpretation—Overall, treatment effects were small. There was no evidence of a dose-response 

effect of task-specific training on functional capacity in people with long-standing upper limb 

paresis post stroke.

INTRODUCTION

The idea that the dose of neurorehabilitation may influence outcomes1 emerges from three 

sources: 1) clinical trials showing efficacy of a higher dose over a lower dose of 

treatment;2–5 2) small Phase I feasibility trials showing a consistent, moderate relationship 

between dose received and amount of change;6–8 and 3) a recent meta-analysis showing a 

small-to-moderate effect size attributable to dose across numerous stroke rehabilitation 

trials.9 The early period after stroke however may be different, with two studies suggesting 

negative effects from higher doses.10, 11 There is an urgent need to explicitly examine dose-

response relationships between evidence-based therapies (e.g. task-specific training) and 

outcomes.

The purpose of this trial was to determine the range of doses of task-specific upper limb 

training that produce the greatest improvements in outcomes in people ≥ 6 months post 

stroke. Quantification of dose in rehabilitation is substantially more difficult than 

quantification of dose for pharmaceutical agents, as there is no easy assay for the amount of 

active ingredient delivered or its half-life.1 Here, we manipulated one parameter of dose, 

amount, via the total number of repetitions of task-specific practice, and kept all other 

parameters constant. Our primary hypothesis was that people who received higher doses 

would have better outcomes compared to those who received lower doses. Our secondary 

hypothesis was that beneficial doses were likely to vary across individuals, based on the 

severity of motor deficits and the presence of non-motor deficits (e.g. hemispatial neglect, 

depression) in other domains. The hypotheses were tested in individuals 6 months or more 

after stroke to avoid the potential confound of varying recovery trajectories in the first few 

months after injury.

METHODS

This was a Phase II, single-blind, randomized, parallel, dose-response trial conducted at a 

single site (NCT 01146379). Participants were recruited from the Cognitive Rehabilitation 

Research Group and the Brain Recovery Core12 databases at Washington University School 

of Medicine in St. Louis, which contain contact information for adults with stroke who 

consented to being contacted for participation in research studies. Participants were also 

recruited via physician referral, posted flyers, stroke support groups, and word-of-mouth. 

Inclusion criteria were: 1) ischemic or hemorrhagic stroke as determined by a stroke 

neurologist and consistent with neuroimaging; 2) time since stroke ≥ 6-months; 3) cognitive 

skills to actively participate, as indicated by scores of 0–1 on items 1b and 1c of the National 
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Institutes of Health Stroke Scale (NIHSS);13 4) unilateral upper limb weakness, as indicated 

by a score of 1–3 on item 5 (arm item) on the NIHSS; and 5) mild-to-moderate functional 

motor capacity of the affected upper limb, as indicated by a score of 10–48 on the Action 

Research Arm Test (ARAT).14–16 The lower limit of 10 on the ARAT meant that participants 

had at least some ability to partially open the hand, grasp and lift off the table at least 2–3 

test items. Exclusion criteria were: 1) participant unavailable for 2-month follow-up; 2) 

inability to follow 2-step commands; 3) psychiatric diagnoses; 4) current participation in 

other upper limb stroke treatments (e.g. Botox); 5) other neurological diagnoses; 6) 

participants living further than one hour away and unwilling to travel for assessment and 

treatment sessions; and 7) pregnancy. This study was approved by the Washington 

University Human Research Protection Office and all participants provided written informed 

consent prior to participation.

Prior to study initiation, a power estimate for the primary analysis was done with the 

following assumptions: 1) ability to detect a 6 point difference between groups on the 

ARAT, a whole-number estimate of the minimal clinically important change for people with 

chronic stroke;17 2) a standard deviation of change scores from our feasibility study of 8 

points;7 3) power of 0.80; 4) 2-tailed alpha = 0.05; 5) a dropout rate of 15%; and 6) the 

assumption that we would find up to 3 additional predictor variables (e.g., covariates). This 

led to an estimated sample size of 22 participants per group to be included in analyses.

Participants meeting criteria were randomized to one of four doses of individualized, 

progressive, upper limb task-specific training. Randomization was done by entering 

participant information into a custom-built secure web application hosted by the Washington 

University Division of Biostatistics. The website used an adaptive scheme to balance 

selected baseline characteristics, modified from procedures described by others.18 The 

baseline characteristics balanced were: age, time since stroke, baseline ARAT, and the 

presence/absence of depression and hemispatial neglect (see Study Measures below).

Dose Groups and the Intervention

The four dose groups were quantified by the total number of repetitions of upper limb tasks. 

The four doses tested were 3200 (100 repetitions/session), 6400 (200 repetitions/session), 

9600 (300 repetitions/session), and Individualized Maximum repetitions (300 repetitions/

session and sessions continuing until meeting stopping criteria, see below). Total doses were 

chosen based on pilot data7 and on doses used in animal studies in which neural plasticity 

was documented.19 The 3200 repetition dose served as the reference dose, as this is the 

approximate number of repetitions per session (100) observed in earlier studies, when 

repetitions of all types of activities (active exercise, passive exercise, functional training etc.) 

were summed.20, 21 The 6400 group and the 9600 group doubled and tripled the reference 

dose, respectively. The fourth group, the Individualized Maximum dose, was chosen because 

of the desire to probe how much and how long upper limb task-specific practice is tolerated 

and beneficial in humans with stroke.

The dose-controlled interventions were scheduled for 1 hour/day, 4 days/week, for 8 weeks. 

For participants randomized to the Individualized Maximum group, the intervention could 

extend beyond 8 weeks until they reached one or more stop criteria. These stop criteria were: 
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1) a change of ≤ 1 point or not exceeding a previously higher value on the ARAT for 2 

consecutive weekly assessments; 2) a desire by the participant to stop the intervention; or 3) 

achievement of 100,000 repetitions.

The intervention consisted of supervised, massed practice of functional daily tasks which 

were appropriately graded and progressed for each participant.7, 8, 22 Most functional upper 

limb tasks require four essential movement components: reaching for, grasping, moving/

manipulating, and then releasing an object.23 What varies across the repertoire of daily 

upper limb tasks is how the combinations of the components are strung together and the 

specifics of the component (e.g. direction of reach, type of grasp, manipulative forces 

required). This intervention provided progressive training of combinations of these essential 

components through repeated practice of various tasks, with the desired goal of building the 

participant’s capacity to perform a multitude of upper limb functions. Participants were 

given the Canadian Occupational Performance Measure24 to assist in determining activities 

of interest and specific tasks in which to practice reaching, grasping, moving/manipulating, 

and releasing components during treatment sessions. The treatment approach in each group 

was identical except for the number of repetitions. The intervention was delivered by study 

therapists who were trained and monitored to ensure adherence to the protocol.

Using information from the baseline assessments, selected tasks were graded in difficulty to 

match the motor capabilities of the participant. The job of the study therapist was to grade 

tasks such that they engage and challenge, but not over- or underwhelm, the motor 

capabilities of each participant. Guiding principles for delivering the intervention, rules for 

progression, and example tasks are provided elsewhere.22 Repetitions per session were split 

across 3 tasks to allow for variability in task practice and to avoid the boredom that might 

come from practicing a single task. During each session, the treating therapist documented 

the tasks, specific grading levels, the number of repetitions, patient active time (i.e. time in 

active task practice),25 and participant ratings of exertion (0–10 numeric rating scale).26 

Because exertion scales are typically used to assess effort during whole-body 

cardiorespiratory training, it was anticipated that perceived exertion during training of arm 

and hand movements would not be high.

Study Measures

Study measures assessed outcomes, quantified factors that might be modifiers of the dose-

response relationship, monitored adherence to the protocol (see previous section), and 

provided further description of the sample. Measures were assessed at baseline prior to 

randomization, post-intervention, and then two months later by trained raters who were 

blinded to group assignment. A brief battery, including the primary outcome was assessed 

each week to obtain individual dose-response data. The primary outcome measure was the 

ARAT,14–16 a test that quantifies upper limb functional capacity with 19 items and a total 

score of 57. The ARAT was chosen because: 1) it has demonstrated strong psychometric 

properties across multiple studies, including sensitivity to change in people with stroke; 2) 

the time to administer is short compared to other, similar measures; and 3) it is widely used 

in upper limb rehabilitation trials around the world.
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Secondary outcome measures included: 1) the Stroke Impact Scale – hand & ADL 

subscales,27 as a measure of self-perceived daily performance; 2) the Canadian Occupational 

Performance Measure,24 as a measure of success in achieving self-identified goals; and 3) a 

7-point Likert scale28, 29 evaluating whether or not the individual thought he/she had 

changed and if the change was meaningful.

Potential modifiers of the dose-response relationship examined were: 1) initial severity of 

the functional deficit, quantified by the baseline ARAT score; 2) hemispatial neglect, 

quantified by the unstructured version of the Mesulam Cancellation test;30 3) depressive 

symptomatology, quantified by the Center for Epidemiologic Studies Depression 

Scale;31, 32; 3) aphasia, quantified by the Boston Naming Test – 15 item screen;33 4) 

cognitive loss, quantified by the Short Blessed test;34 5) impaired somatosensation, 

quantified by monofilament testing to the index finger;35 and 6) muscle tone, quantified by 

the Modified Ashworth Scale at the elbow.36 Additional demographic and clinical 

characteristics were age, gender, race, dominant side, side affected, time post stroke, type of 

stroke, stroke location, and number of strokes.

Statistical Analyses

The planned primary analytic approach used hierarchical linear modeling, also referred to as 

linear mixed effects regression.37–41 This approach was chosen instead of the traditional 

ANOVA approach because: 1) it allows flexible modeling of individual trajectories over 

time, including the modeling of moderators of intercepts and slopes; 2) data can be modeled 

even if some assessment points are missing, allowing all data to be used and not requiring 

data imputation; and 3) it does not require the same number of assessments or that the 

assessments are taken at the same time point, i.e. it can handle the longer intervention and 

more assessments in the Individualized Maximum group. Statistical analyses were done in 

R, with statistical significance predetermined at p < 0.05. A series of hierarchical models 

was constructed using the ARAT data. We first tested a model in which the individual 

intercepts and slopes (linear effect of time, out to the post-intervention assessment, P1) were 

included as random effects, with time centered on the treatment week 2 assessment, so that 

the intercepts represented individual ARAT performance at the start of treatment week 2. 

Group assignment (dummy coded) was included as a moderator of the intercepts and slopes. 

Subsequent models tested the inclusion of curvilinear time components (quadratic and 

cubic), alternative ways of modeling the repeated measures error structure (default diagonal 

error variance-covariance matrix, compound symmetry model, autocorrelation model, 

unstructured covariance matrix), and different centering points. A linear change model was 

found to be the best fit to the data. Alternative error structures did not alter the conclusions 

so the default diagonal model was retained. Other centering points did not produce 

inferences that differed from the original centering. Model comparisons were made either 

using likelihood ratio tests (if the models were nested) or using Akaike Information 

Criterion (if the models were not nested). We also examined the residuals for normality and 

the presence of outliers. Departures from normality were mild; nonetheless we verified the 

inferences reported here using bootstrapping procedures and permutation tests; no 

differences in inferences were found across analytic method. After establishing the basic 

model, other potential moderators of slopes and intercepts (e.g., baseline ARAT, depression) 
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were added, each in a separate model. Results presented in the tables include the intercepts 

and slopes from the best fit model, in units of the ARAT. The 3200 group was used as the 

reference group, such that presented group effects for the other three groups are their effect 

with respect to the 3200 group.

Analyses of SIS and COPM data used traditional ANOVAs with a between-subjects effect of 

group and a within-subject effect of time (baseline, P1), because these measures were 

assessed at baseline and post-intervention. Additional descriptive analyses included: 1) 

calculation of largest change (maximum ARAT value attained at any time point minus 

baseline ARAT) with the 95% confidence interval of that change for each group; 2) 

frequency of individuals with each score on the Likert scale quantifying overall perception 

of change; 3) calculation of ARAT change scores with 95% confidence intervals of those 

people who perceived a meaningful change versus those who did not;28 and 4) correlation of 

change scores with total repetitions received. Finally, to determine if changes were retained 

after the intervention had ended, post-intervention (P1) and 2 month follow-up scores on the 

ARAT, SIS, and COPM subscales were compared using ANOVAs.

RESULTS

Eighty-five participants were enrolled between July 2011 and June 2015, with the last 

participant completing study assessments in October 2015. Figure 1 shows the CONSORT 

diagram. Demographic and clinical characteristics of the participants are provided in Table 

1. In general, the sample consisted of people with long-standing mild and moderate paresis 

post stroke, and included people with non-motor deficits, such as hemispatial neglect, 

aphasia, and somatosensory loss. The four groups were well-matched, with the exception of 

concordance (dominant side = affected side) in the 6400 group, which had fewer people 

affected on their dominant side. Two additional characteristics, concordance and time post 

stroke, were explored post hoc as potential modifiers. A summary of the intervention 

delivered to each group is provided in Table 2. As intended, the groups attained the targeted 

number of repetitions. Patient active time, i.e. time spent physically practicing, increased 

over the four groups and was strongly correlated to the number of repetitions (r = 0.92, p < 

0.0001). For the Individualized Maximum group, one participant stopped treatment after 

three sessions per his wishes; the remaining participants completed 32 sessions or more, 

stopping after meeting the criteria for lack of change on the ARAT. Participants reported a 

low-to-moderate level of exertion, as might be expected with an UE training program where 

many of the activities are seated, non-aerobic exercise.

Primary outcome

Overall, there was modest change in motor function but no clear difference in response 

based on treatment dosage. Figure 2 provides the individual response trajectories on the 

ARAT for each participant for each time point, displayed by group. The best fit mixed 

effects model included the linear effect of time, the effect of group, and the group by time 

interaction. The addition of time to the unconditional model accounted for 37% of the 

residual variance and produced a substantially better fitting model, χ2(df=3) = 137, p < .001 

(AIC= 3006 vs. 3137). The addition of the treatment group dummy codes accounted for 0% 
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of the intercept variance (unsurprising given the centering occurred at the second treatment 

week) and 18% of the slope variance, producing a better fit compared to the model that 

included only the intercepts and slopes, χ2(df=6) = 13.5, p < .05 (AIC= 3005 vs. 3006). The 

correlation between intercepts and slopes was 0.03 (p > 0.05), indicating at the individual 

level, that rate of change was not related to ARAT score. The top portion of Table 3 shows 

the estimates (in units of the ARAT, using centering at the second treatment week) of model 

intercepts and slopes (ΔARAT/week), degrees of freedom, and p values, with the 3200 group 

used as the reference group. Modeled initial ARAT scores (intercepts) across the four groups 

were different from zero, but not different from each other, as expected based on the 

inclusion criteria, subsequent randomization, and centering. The effect of time (slope) in the 

3200 group was significantly different from zero, but the magnitude of change was < 1 point 

per week. Slopes in the 9600 (absolute estimate = 0.31 ± 0.22) and Individualized Maximum 

(absolute estimate = 0.66 ± 0.20) groups were not different from the 3200 group. The slope 

of the 6400 group however was smaller (absolute estimate = −0.05 ± 0.21) than the 3200 and 

Individualized Maximum groups and not different from zero. Change scores (mean with 

95% CI) over the intervention period for each group were 5.8 (3.9 – 7.7), 5.1 (3.1 – 7.1), 5.5 

(3.4 – 7.6), and 8.4 (5.7 – 11.1) for the 3200, 6400, 9600, and Individualized Maximum 

groups respectively. No relationship between total repetitions and ARAT change scores was 

found (Spearman rho = 0.19, p > 0.05).

Potential modifiers to the basic model were then examined, one at a time. The bottom half of 

Table 3 show the estimates of change in intercepts (at the second treatment week) and 

change in slopes on the ARAT outcome for each potential modifier. Values provided 

represent overall effects on the intercepts and slopes for each moderator; additional models 

tested differential effects for treatment group (i.e., inclusion of two- and three-way 

interactions involving groups and moderators). Tests for the contributions that these 

interaction effects made to explanation of ARAT outcomes were not significant, with one 

exception, an interaction indicating that the slope in the 6400 group increased 0.07 ARAT 

pts/wk as depression increased. Three of nine potential modifiers had an influence on the 

intercept. First, for every 1 point increase in the baseline ARAT, participants had a 1.07 

increase in the intercept, as one would expect. Second, for every 1 point increase on the 

Modified Ashworth Scale, participants had a decrease of 4.89 points on the intercept, 

indicating that people with greater muscle tone had lower ARAT scores. And third, if there 

was concordance between then dominant and affected limbs, then intercepts were increased 

by 7.04 points, indicating that people with an affected dominant limb had higher functional 

capacity at the start of treatment. None of the modifiers interacted with time to influence the 

slopes, i.e. the dose-response relationship. We note that baseline ARAT did not modify the 

dose-response relationship, indicating that the rates of change in those with initial low 

capacity (e.g. ARAT 10–20 points with minimal finger extension) were not different from 

the rates of change in those with higher initial capacity (e.g. ARAT 35–45 points and nearly 

full finger extension). Likewise, concordance did not modify the dose-response relationship, 

indicating that rates of change were not different between those affected on the dominant vs. 

non-dominant sides.
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Secondary outcomes and retention over time

Overall, subjective measures indicated that patients felt they had improved despite the small 

objective motor improvement described above. Secondary outcome results are provided in 

Table 4. For the Stroke Impact Scales subscales where participants report the ability to 

perform standard items, there were small, but not statistically-different changes over time, 

with no differences between groups and no group × time interactions. For the Canadian 

Occupational Performance Measure subscales where participants report the ability to 

perform self-selected goals, there were small, significant improvements over time, but no 

differences between groups or group × time interactions. A large proportion of the sample 

(90%) perceived that they had experienced a meaningful change due to therapy. ARAT 

change scores however, were not different for those who thought they had made a 

meaningful change compared to those who did not. There were no changes on the ARAT or 

the secondary measures from the post-intervention (P1) assessment to the follow-up 

assessment (P2), indicating that changes were retained over time (all p values > 0.05, data 

not shown)

DISCUSSION

We found no convincing data to indicate that more movement training resulted in better 

functional outcomes than less movement training in people with long-standing paresis post 

stroke. In this explicit test of the dose-response relationship for task-specific upper limb 

training, the intervention was delivered as intended, with manipulation of number of 

repetitions and other aspects carefully controlled. Three of the four dose groups made small 

improvements over time (slopes < 1 point per week) but the higher dose groups (9600 and 

Individualized Maximum groups) were not different from the 3200 repetition group. The 

6400 group did not improve over time. None of the hypothesized potential modifiers had 

effects on the dose-response relationship. The analytic approach used here helped to 

minimize the inherent noise from clinical measures by modeling the trajectories of change, 

but even with this analytic approach, only small improvements were found. This Phase II 

RCT was powered to detect a 6-point difference between groups, as that has been suggested 

as a clinically-important difference on the primary outcome. Although a larger sample could 

modify statistical significance, enrollment of additional participants would not impact the 

clinical interpretation of the small rates of change and even smaller differences between 

higher versus lower doses.

The lack of a dose-response effect was unexpected given evidence suggesting that more is 

better,2, 4, 6, 9 including implications from animal models (for example see42) and work from 

our own group.1, 7, 8 Despite the accumulation of indirect evidence, very few studies have 

explicitly examined responses to more than two different doses. Four different doses of an 

upper limb intervention were examined in another dose-response trial of people with more 

severe paresis post stroke enrolled 8 – 84 days post stroke.43 They too failed to find a dose-

response effect, which was partially attributed to difficulty delivering the two higher doses 

early after stroke. We were successful in delivering the higher doses, with a large percentage 

of time in those groups spent in active practice (Table 2). Indeed, if one considers the typical 

portion of active time during therapy sessions (8 – 50%),25, 44 our patient active time in the 
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highest dose group is likely equivalent to ≥ 65 hours of scheduled therapy. This duration is 

equivalent to scheduled therapy time in the original constraint-induced movement therapy 

protocols.45 Compared to robotic studies, the number of repetitions per session in our higher 

dose groups may be about one third of the number of reaches per session with the robot.46 

Our repetitions were compound movements including reaching, grasping, manipulating and 

releasing, so it is hard to compare the numbers of repetitions directly. Interestingly, results 

from robotic trials in this same later phase post stroke have shown improvements in upper 

limb capacity which are similar or smaller than those found here. The task-specific training 

used here was developed as a human-adapted version of the training experienced by animal 

models in studies of neuroplasticity, and practiced tasks were just as carefully titrated to 

develop skill but focused on actions that are of individual interest and are functionally-

relevant for daily life. The intervention was delivered beyond the time when spontaneous 

biological recovery generally occurs. Thus, these results suggest that larger doses of task-

specific training may be of little benefit for humans at this later time point post stroke.

The small improvements in functional capacity and self-reported performance seen here 

were likely driven by the social and psychological effects of being in therapy, not by the 

amount of training provided. There must be a powerful effect of attending therapy, perhaps 

stemming from the close human interaction, given that 90% of our participants perceived a 

meaningful change and their perceptions were not linked to measured behavioral changes. It 

is also possible that the changes seen here were driven by repeated testing on the ARAT. 

While we cannot rule this out completely, the non-significant slope in the 6400 group 

suggests that there is not a repeated testing effect on the ARAT. Further, multiple baselines 

in a previous sample failed to show a change in scores due to repeated testing.7 Nonetheless, 

the magnitude of change seen here is similar to the magnitudes of change seen in many other 

motor intervention studies at this later time point post stroke (for examples from recent 

studies see47–49) and to changes in routine outpatient care,50 but is substantially smaller than 

magnitudes of change seen in interventions delivered earlier after stroke.10, 51 The lack of a 

dose effect in this study highlights the importance of explicitly testing dose-response 

hypotheses with more than two dose groups in carefully controlled Phase II trials. Indeed, if 

we had chosen only the two dose groups of 6400 and 9600, then we would have reached the 

incorrect conclusion that higher doses were better than lower doses.

The lack of significant change in the 6400 group is difficult to explain. It cannot be 

explained by difference in group exposure to the intervention, since the number of 

participants completing the expected 32 sessions was similar to the other groups (Table 2). It 

also cannot be explained by concordance, i.e. when the dominant side is the affected side. 

While concordance was lower in the 6400 group (i.e. fewer people affected on their 

dominant side, Table 1), this did not result in a difference in baseline scores (Table 1) or 

model intercepts (Table 3). The presence of concordance did not affect response to the 

intervention, as indicated by a non-significant interaction of concordance and time (Table 3). 

There was also no unique effect of concordance in the 6400 group, because no group by 

concordance by time interactions were found. Conceptually, it seems unlikely that dose 

would have an inverted ‘U’ shape such that total repetitions around 6400 would yield poorer 

outcomes than 3200 and 9600 total repetitions. Given rates of change of < 1 point per week, 

perhaps the 6400 group response to intervention could simply be viewed as the low end of 
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possible responses to task-specific training at this later time period post stroke (i.e. no 

change).

There are several limitations to consider when interpreting these results. First, one wonders 

if the doses provided were simply too low. Some have speculated, based on rodent models of 

recovery, that much higher amounts of training in patients may be more effective. While we 

cannot eliminate this possibility, the presence of the Individualized Maximum group makes 

it less likely. We are skeptical that patients could achieve another order of magnitude of dose 

in the context of a traditional therapy session. Also, we found that participants in the 

Individual Maximum group reached a performance plateau prior to stopping, thus more 

training delivered over several weeks did not yield any additional benefit. Second, we did 

not use neurophysiological measures, such as the presence or absence of a motor evoked 

potential, as a randomization variable or as a potential modifier of the response.52 MRI data 

was obtained on a portion of the sample; that information may yield future insights into the 

dose-response question. And third, we manipulated only the amount of movement training 

and not the frequency (days/week) or intensity (e.g. cardiorespiratory effort). We cannot rule 

out the possibility that altering another dosing parameter would influence outcomes, as has 

been suggested for intensity of mobility interventions.53 For upper limb training however, 

the influence of frequency may be minimal based on the relatively equivalent efficacy in 

original and modified constraint-induced movement therapy studies.45 These last questions 

will require other trial designs to efficiently answer.

In conclusion, we found no evidence of a dose-response effect of task-specific training on 

functional capacity in people with long-standing upper limb paresis post stroke. The sample 

studied included people with motor and non-motor stroke-induced deficits, which is 

relatively uncommon in motor intervention research, but has more potential to generalize to 

routine clinical practice. The presence of non-motor deficits had no or negligible effects on 

responsiveness to the intervention. Overall improvements were small, with changes of < 1 

point per week of therapy provided.
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Figure 1. 
CONSORT diagram. *The analytic approach allowed inclusion of all participants with the 

first (baseline) and second (beginning of treatment week 2) assessments.
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Figure 2. 
Individual (thin, dashed lines) and average (thick, solid lines) trajectories of upper limb 

functional capacity (Action Research Arm Test, ARAT). TW: treatment week, such that 

TW2 is the assessment taken at the beginning of the second treatment week. P1: post-

intervention assessment. For the Individualized Maximum grp, the post-intervention 

assessment for most participants occurs between TW9 and TW15.
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Table 2

Summary of the task-specific intervention delivered to each group. Statistics were computed from participants 

who completed any portion of the intervention. Values are medians (minimum, maximum) because of skewed 

distributions.

3200 grp. 6400 grp. 9600 grp. Individualized
Maximum grp.

# sessions 32 (12, 32) 32 (1, 32) 32 (7, 32) 36 (3, 58)

# of participants completing 32
sessions (or more for IM grp.)

18 17 15 18

Repetitions 3200 (1164, 3376) 6398 (203, 6506) 9582 (2095, 9609) 10808 (899, 16298)

Hours of active training 13.6 (6.3, 21.3) 20 (0.53, 28.3) 26.3 (4.5, 31.9) 32.8 (2.3, 49.2)

% scheduled time active per
session

43%
(53, 67)

63%
(53, 88)

82%
(64, 99)

91%
(77, 85)

# tasks switched 7 (1, 14) 7 (0, 11) 8 (0, 11) 10 (0, 17)

# tasks upgraded 10 (2, 20) 9 (0, 15) 10 (0, 16) 10 (1, 19)

# tasks down-graded 2 (0, 7) 2 (0, 6) 2 (0, 7) 2 (0, 13)

Perceived exertion (0–10 scale) 3 (1, 7) 3 (1, 7) 4 (1, 7) 3 (1, 9)
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Table 3

Primary outcome results. Model results use the 3200 group as the reference group.

Model estimates without modifiers

Estimate ± SE Estimate with respect
to 3200 grp.

Df P value

Intercepts (in ARAT units)

3200 grp 35.62 ± 2.83 -- 75.9 <0.0001*

6400 grp −3.47±3.95 75.9 0.382

9600 grp −0.61 ± 3.95 76.0 0.878

IM grp −3.00 ± 4.10 75.7 0.466

Slopes (ΔARAT/week)

Time 0.40 ± 0.15 -- 77.6 0.010*

Time × 6400 grp −0.45 ± 0.21 77.5 0.036†

Time × 9600 grp −0.09 ± 0.22 77.6 0.679

Time × IM grp 0.26 ± 0.20 61.4 0.209

Contributions of modifiers

Change in intercept

Functional severity: Baseline ARAT 1.07 ± 0.04 76.1 <0.0001*

Neglect: Mesulam 0.08 ± 0.18 73.9 0.66

Depression: CES-D 0.13 ± 0.14 73.9 0.38

Aphasia: BNT 0.58 ± 0.45 73.8 0.21

Cognition: Short Blessed 0.29 ± 0.29 72.9 0.33

Sensation: Light touch 0.52 ± 0.94 74.7 0.58

Muscle tone: Modified Ashworth −4.89 ± 1.23 74.9 0.00015*

Chronicity: Months post stroke −0.04 ± 0.04 74.8 0.34

Concordance: dom. = aff. 7.04 ± 2.89 74.9 0.017*

Change in slope

Baseline ARAT × Time −0.0005 ± 0.007 69.5 0.945

Mesulam × Time −0.01 ± 0.01 73.6 0.26

CES-D × Time 0.001 ± 0.008 71.3 0.86

BNT × Time −0.02 ± 0.02 62.0 0.46

Short Blessed × Time 0.02 ± 0.02 70.0 0.22

Light touch × Time 0.02 ± 0.05 61.2 0.68

Modified Ashworth × Time −0.04 ± 0.07 65.8 0.55

Months post stroke × Time −0.002 ± 0.002 69.1 0.30

Concordance × Time 0.10 ± 0.16 66.9 0.54

*
Significantly different from zero.

†
Significantly different from the 3200 group.
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Table 4

Secondary outcome results. Values are means ± SEs

Rating Scales Baseline Post-intervention (P1) P values

SIS – ADL subscale

3200 grp 58.0 ± 4.4 66.2 ± 5.0 Grp = 0.42

6400 grp 61.5 ± 4.3 69.0 ± 5.1 Time = 0.11

9600 grp 67.8 ± 4.4 75.3 ± 5.4 Grp × Time = 0.77

Individualized Max. grp 65.4 ± 4.5 70.1 ± 5.2

SIS – Hand function subscale

3200 grp 46.4 ± 5.3 55.6 ± 6.01 Grp = 0.24

6400 grp 41.7 ± 5.2 51.7 ± 6.2 Time = 0.06

9600 grp 56.1 ± 5.3 62.7 ± 6.5 Grp × Time = 0.74

Individualized Max. grp 44.0 ± 5.5 55.5 ± 6.3

COPM – Performance

3200 grp 2.7 ± 0.3 5.4 ± 0.4 Grp = 0.43

6400 grp 3.0 ± 0.3 5.3 ± 0.4 Time < 0.0001

9600 grp 3.4 ± 0.3 6.0 ± 0.5 Grp × Time = 0.89

Individualized Max. grp 3.0 ± 0.3 5.6 ± 0.5

COPM – Satisfaction

3200 grp 2.2 ± 0.3 5.5 ± 0.5 Grp = 0.49

6400 grp 2.5 ± 0.3 5.4 ± 0.5 Time < 0.0001

9600 grp 1.8 ± 0.3 5.5 ± 0.5 Grp × Time = 0.76

Individualized Max. grp 2.1 ± 0.3 5.1 ± 0.5

Overall perception of change
(score on Likert scale)

Number*
(%)

Mean ARAT change
(min, max)

95% CI of mean change

A little worse, meaningful (−2) 1 (1%) 5 --

No change (0) 4 (5%) 5.8 (3, 10) 0.8 – 10.7

A little better, not meaningful (1) 2 (3%) 4 (0, 8) --

A little better, meaningful (2) 36 (49%) 4.1 (−3, 15) 2.6 – 5.7

A lot better, meaningful (3) 30 (41%) 7.0 (−2, 18) 4.8 – 9.2

*
73 people (89% of those included in primary analysis) completed the overall rating of change at the post-intervention visit.

Ann Neurol. Author manuscript; available in PMC 2017 September 01.


	Abstract
	INTRODUCTION
	METHODS
	Dose Groups and the Intervention
	Study Measures
	Statistical Analyses

	RESULTS
	Primary outcome
	Secondary outcomes and retention over time

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

