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Our master’s thesis in context 

Our master’s thesis is situated in the rehabilitation of neurological disorders. More 

specifically, our research focuses on the rehabilitation of stroke. Stroke is a very frequent 

and disabling disease (Lawrence et al., 2001; Persson et al., 2012; Wafa et al., 2020). 

Nevertheless, there is still a paucity in evidence around stroke, especially in the early stages 

after stroke which was confirmed by our own systematic review. However, new insights 

about the rehabilitation of stroke are still gaining. Our master’s thesis aims to decrease the 

lack of knowledge about rehabilitation of moderate to severe upper limb impairments in the 

early stages after stroke. 

Stroke requires an interdisciplinary approach where all disciplines need to be involved. All 

medical specialties in neurology can obtain new insights through our master’ thesis. The 

conducted systematic review was a newly developed research project. Our systematic 

review could identify certain gaps in the scientific literature like the lack of knowledge about 

upper limb rehabilitation in the acute stage after stroke. An innovative study protocol was 

developed in collaboration with Prof. Dr. Peter Feys and Dr. Lisa Tedesco Triccas. The 

performed clinical trial is a dose escalation study which serves as a pilot feasibility study. This 

study provides a clear understanding on whether integrating an upper limb therapy program 

for patients provided after acute stroke (one to seven days after stroke, Bernhardt et al., 

2017) and very early subacute stroke (day eight to one month after stroke, Biernaskie et al., 

2004; Birkenmeier et al., Krakauer et al., 2012) would be feasible. The current dose 

escalation study is a phase I- trial after which a phase II- study will be conducted exploring 

the immediate, short-term (one month) and long-term (six months) effect of an upper limb 

rehabilitation program in the acute and very early subacute stage after stroke.  

The pilot study is executed in collaboration with Prof. Dr. Peter Feys and Dr. Lisa Tedesco 

Triccas. The clinical setting is the acute stroke unit of Ziekenhuis Oost-Limburg (ZOL) campus 

Genk. The University of Hasselt and the acute stroke unit of ZOL Genk provided us the 

required rehabilitation resources to execute the dose escalation study.  

The study design and methodology was conceptualized under the management of Dr. Lisa 

Tedesco Triccas. For the recruitment of participants, a booklet for data collection for the 

physiotherapists of ZOL and the informed consent for the participants was designed with 
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approval of our promoters. In collaboration with the ZOL physiotherapists and occupational 

therapists  and our promoter Dr. Lisa Tedesco Triccas, the intervention protocol was applied 

to the included participants. For each participant, a logbook was completed with all the 

intervention data. The data analysis and the academic writing of the paper was 

autonomously done and then presented to our promoters. They provided us feedback and 

suggestions, after which the necessary improvements were made until the desired result 

was obtained. 

The whole project was a very constructive collaboration where we, as master’s students, had 

a lot of responsibility and autonomy. Every step was discussed with each other and 

conflicting points were discussed with our promoters. The master’s thesis developed in a 

very gradual and controlled manner. It was also a very qualitative experience to apply the 

intervention protocol in clinical practice ourselves. In this way, a realistic point of view could 

be utilized in the academic writing of the paper. 

At last, many thanks to our promoters Prof. Dr. Peter Feys and Dr. Lisa Tedesco Triccas again 

for their investments and the constructive collaboration, through which a satisfying master’s 

thesis was attained. 
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Abstract 

Background 

Our review demonstrated an unclear dose-response relationship of improvements in severe 

upper limb impairments after acute and early subacute stroke, due to low therapy dosages 

and a lack of reporting pain and fatigue. However, high dosage programs have demonstrated 

clinically meaningful improvements in chronic stroke. A lack of methodological 

standardization of experimental studies in the acute stage after stroke hindered high quality 

evidence. 

Objectives 

The aim of the study was to identify the feasibility of a single-ascending dose clinical trial and 

determine the optimal session length of rehabilitation in patients with moderate to severe 

upper limb impairments after acute and very early subacute stroke. 

Participants 

Participants were recruited from the acute stroke unit of Ziekenhuis Oost-Limburg (ZOL) 

Genk and received a three-day multimodal upper limb therapy program of a predetermined 

dose level (one of two dose levels) including an upper limb movement training program and 

Functional Electrical Stimulation (FES). 

Measurements 

Primary outcome measure was the Fugl-Meyer Upper Extremity Assessment (FMA-UE) and 

secondary was the Action Research Arm Test (ARAT) conducted at baseline and post-

intervention. Safety assessment was conducted before, during and after each therapy 

session to assess Dose-Limiting Tolerance (DLT) and establish the Maximum Tolerated Dose 

(MTD). 

Results 

Six participants were recruited until now (on average 4.2 ± 1.64 days after stroke), but only 

five completed the study. Dose level two did not cause higher (p=0.648) or more aggravation 

of fatigue (p=0.128) and was not perceived as more intensive (p=0.383). The intervention 

program had no overall significant effect on improving upper limb impairments (p=0.25). 
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However, dose level two had average improvements on all outcome measures that 

exceeded the respective Minimally Clinically Important Difference (MCID). 

Conclusion 

The dose escalation study identified a dose of 67 minutes as feasible and well tolerable. The 

second dose is therefore more optimal than dose level one for improving moderate to 

severe upper limb impairments in patients after acute and very early subacute stroke, 

indicating a trend to a positive dose-response relationship. However, the study is currently 

ongoing through which the optimal session length has not yet been determined. 

Keywords: Stroke, Upper limb, Acute, Severe, Feasibility, Dose, Exercise therapy 
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1. Introduction 

The number of people living with stroke is estimated to increase by 27% between 2017 and 

2047. This is mainly because of the ageing population and improved survival rates (Wafa et 

al., 2020). Immediately after stroke, reduced function of the upper limb is reported in 48-

77% of stroke survivors (Lawrence et al., 2001; Persson et al., 2012). So far, recovery rates of 

upper limb function are lower for patients with moderate to severe initial upper limb 

impairments, with clear impact upon their quality of life (Dabrowska-Bender et al., 2017). 

Even more, the prognosis of regaining functional hand activity three and six months later, 

when suffering from initial severe upper limb impairments, is poor (Kwakkel et al., 2003; 

Nakayama et al., 1994; Stinear et al., 2017). The PREP2 model of Stinear et al. (2017) showed 

a limited to poor prognosis of hand activity in the absence of a Motor Evoked Potential 

(MEP) in the wrist extensors in the first week after stroke. In a qualitative study of Lundquist 

et al. (2021) the PREP2 model was regarded as potentially useful by experienced 

neurological therapists. 

The critical early window of recovery is very important in stroke rehabilitation as it is the 

period when there is maximal recovery of impairments. During the first week after stroke, 

which is defined as the acute stage, waves of growth-promoting genes reach a peak, 

enhancing endogenous neuroplasticity (Bernhardt et al., 2017). The overarching aim of this 

study is to promote and optimize neuroplastic changes by providing an intensive motor 

rehabilitation program for upper limb impairments during the critical acute stage after 

stroke. The acute stage was proven to be sensitive for intensive exercise therapy by a recent 

study of Dromerick et al. (2021). High intensive interval training has been associated with an 

increased concentration of brain-derived neurotrophic factor, a neurotrophin that plays an 

important role in the structural and functional processes of neuroplasticity (Crozier et al., 

2018; Skriver et al., 2014). Besides, our review demonstrated a paucity of high-quality 

studies of upper limb rehabilitation approaches in the acute stage after stroke. A recent 

review by Hayward et al. (2021) also concluded that interventional studies focused mainly 

on the subacute stage of stroke recovery with a retained lack of attention to interventions in 

the acute stage of stroke. 

Hayward & Brauer (2015) reported that during acute and subacute inpatient rehabilitation, 

activity-related arm training was on average four minutes per session of physical therapy 
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and 17 minutes per session of occupational therapy per day (Hayward & Brauer, 2015; 

Serrada et al., 2016). Moreover, in four European rehabilitation centres in the UK, Belgium, 

Germany and Switzerland, patients with stroke spent more than half of their time not 

interacting with anyone or anything at all (De Wit et al., 2005). This time could be spent 

focusing on high dosage upper limb rehabilitation. High dosage programs have been found 

beneficial for the upper limb in the chronic stage after stroke. The Queen Square Upper Limb 

Neurorehabilitation (QSUL) program in the UK (Ward et al., 2019) offers a duration of 90 

hours of timetabled treatment over three weeks focusing on the upper limb in patients with 

chronic stroke. QSUL reported clinically meaningful improvements of arm and hand function 

that were maintained at six months follow-up. However, the QSUL program included 

participants with a wide range of severity of impairments and stratification was not 

executed. A long-dose upper limb training protocol for people with moderate to severe 

impairments, in the chronic stage after stroke with a duration of five hours per session for 12 

weeks, resulted in clinically meaningful improvements in motor impairments (Daly et al., 

2019). Recently in Herk-de-Stad in Belgium, it was demonstrated that one hour BOOST per 

session for four weeks plus one hour per week upper limb robot therapy extra (Armeo 

Power), also resulted in clinically meaningful improvements in patients with exclusively 

moderate motor impairments only in the subacute stage after stroke. Participants in the 

early and late subacute stage after stroke were included, but no stratification was executed. 

Also key characteristics of non-responders to the BOOST therapy could not be unravelled 

(Meyer et al., 2021). 

However, in the acute stage different results have been demonstrated when additional 

upper limb rehabilitation was provided to usual care. Human studies investigating up to an 

hour of additional intensive training compared to standard care, did not result in superior 

improvement on severe upper limb impairments in acute stroke compared to usual care. 

(Kwakkel et al., 2016; Rabadi et al., 2008; Rodgers et al., 2003). Our review demonstrated 

that the dose-response relationship in patients with severe upper limb impairments after an 

acute and early subacute stroke is unclear, due to limited research conducted in this stage 

for moderate to severe impairments and a lack of methodological standardization. The 

review showed a paucity of studies in the acute stage after stroke, through which it was 

almost impossible to establish a reliable dose-response relationship. However, these non-
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effects could be due to the low dosage, specifically with a session length from 30 to 60 

minutes, of upper limb rehabilitation. A recent review of Hayward et al. (2021) also stated 

that intervention dose and sample size of studies were often too small to detect clinically 

important effects in the acute and subacute stage after stroke. It is also questionable how 

patients after acute stroke with moderate to severe upper limb impairments react to 

different doses and dose escalations in terms of fatigue, pain and/or well-being. As identified 

in our review, patient-reported fatigue is not commonly used as a primary or secondary 

outcome measure or adverse event. 

Providing high dosage upper limb programs could result in promising improvements in the 

upper limb after stroke. However, the feasibility and the effect of an optimal session length 

of upper limb therapy that could be provided in the acute stage (one to seven days after 

stroke) and very early subacute stage (day eight to one month after stroke) of stroke 

(Bernhardt et al., 2017; Biernaskie et al., 2004; Birkenmeier et al., 2010; Krakauer et al., 

2012), is still unknown. A dose escalation study is one way to explore the optimal session 

length of upper limb therapy. The aim is to determine the maximum tolerated dose (MTD) in 

a small number of patients by assessing the safety and toxicity (the level of harmful side 

effects) of the intervention. When MTD is reached, the optimal session length can be 

established. Dose escalation studies are frequently used in pharmacological research but 

rarely used in rehabilitation research. Two studies have been identified using this 

methodology for determining the dosage of exercise in chronic stroke (Dite et al., 2015; 

Peiris et al., 2017). Dite et al. (2015) conducted an exercise dose escalation study with six 

people after chronic stroke with walking impairments and provided them a multimodal 

exercise program for the lower limb. They identified that participants were able to conduct 

the targeted exercise for 603 minutes a week over three sessions. Based on study design, we 

hypothesize that the similar methodology proposed as the aforementioned study will be 

feasible and optimal session length of upper limb rehabilitation for moderate to severe 

upper limb impairments after acute and very early subacute stroke will be identified (Dite et 

al., 2015; Peiris et al., 2017). 
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2. Methodology 

2.1 Objectives 

• To identify the feasibility of a single-ascending dose clinical trial (dose escalation study) 

in patients with moderate to severe upper limb impairments after acute and very early 

subacute stroke 

• To explore the safety and toxicity (level of harmful side effects) of an upper 

limb therapy program.  

• To explore the tolerability (Maximum Tolerated Dose, MTD) of an upper limb 

therapy program. 

• To identify the optimal session length (total time in the intervention environment) 

(Hayward et al., 2021) of upper limb therapy for patients with moderate to severe 

upper limb impairments after acute and very early subacute stroke. 

2.2 Participants 

Medical Ethics 

Ethical approval was confirmed by the ethical committee and the board of Ziekenhuis Oost-

Limburg (ZOL) Genk (Z-2021046). Eligible participants were informed about the content and 

aims of the study by giving them a participant information sheet. A maximum of 24 

participants could be recruited based on the study design discussed in the procedure part of 

the methodology. Written consent had to be given before they could be included in the study.   

Inclusion criteria 

Participants should have had: (a) a first-ever unilateral stroke, diagnosed by a neurologist as 

defined by the World Health Organisation (WHO, 2022), (b) been admitted to the acute stroke 

unit of ZOL Genk for rehabilitation, (c) upper limb hemiparesis or hemiplegia with at least a 

trace of muscle contraction (at least grade one at wrist extensors measured by the Medical 

Research Council (MRC) Scale), (d) moderate to severe upper limb impairments measured 

with a score of less than 61 on the Motricity Index (MI) (Demeurisse et al., 1980; Hunter et al., 

2011), (e) to be older than 18 years of age and (f) the ability to provide written informed 

consent. 
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Exclusion criteria 

Participants after acute or very early subacute stroke were excluded if they had: (a) other 

neurological impairments that could interfere with the protocol such as Multiple Sclerosis and 

Parkinson’s Disease and (b) serious communication, cognitive and language deficits which 

might hamper the assessment, measured with a score of two on the command-item (item 1c) 

of the National Institutes of Health Stroke Scale (NIHSS). 

Recruitment 

The population consisted of participants in the acute (one to seven days according to 

Bernhardt et al., 2017) and very early subacute stage (day eight to one month after stroke) 

with moderate to severe upper limb motor impairments. Inclusion of participants up to one 

month after stroke was because the first month post-stroke is a critical time for neural 

endogenous plasticity, this time perspective represents an important treatment target to 

maximize the potential of restorative interventions (Bernhardt et al., 2017; Biernaskie et al., 

2004; Birkenmeier et al., 2010; Krakauer et al., 2012). Moreover, due to inclusion until one 

month post-stroke, recruitment rate aimed to be increased. Participants were recruited from 

the acute stroke unit of Ziekenhuis Oost-Limburg (ZOL) Genk between October 2021 and April 

2022. Screening for eligibility was done by an independent physiotherapist of ZOL Genk on 

day two after stroke at the earliest or day two after inclusion.  

2.3 Procedure 

Study Design 

A single-ascending dose clinical trial was conducted to identify the Maximum Tolerated Dose 

(MTD) and the optimal session length in successive cohorts of six participants (based on a 

cumulative three plus three design, Figure 1) (Dite et al., 2015; Machin et al., 2011). There 

were four different dose levels through which a maximum of 24 participants could be included 

in the study. The Maximum Tolerated Dose (MTD) was defined as the ability to reach a fixed 

maximal level of upper limb exercise therapy (including session length) in the first week after 

stroke or inclusion without experiencing Dose-Limiting Tolerance (DLT). DLT-thresholds were 

based on failure to complete more than 20% of prescribed three-day rehabilitation dose due 

to pain, rate of perceived exertion and/or fatigue. Safety assessment, involved testing of pain, 

fatigue and fatigability and perceived exertion of each participant. The latter was performed 
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at the beginning, in the middle of and after each exercise therapy session, except for the 

assessment of the perceived exertion which was rated only in the middle of and after each 

therapy session. MTD (Figure 1, D) was reached when two or more participants experienced 

DLT during the prescribed three-day rehabilitation. The researchers (Tedesco Triccas L., Sorba 

L., Doumen S.) and a physiotherapist of ZOL Genk (Cardeynaels S.) conducted the clinical tests 

and the rehabilitation program. 

 

Figure 1: Cumulative three plus three design (Dite et al., 2015; Machin et al., 2011). DLT, Dose-Limiting Tolerance  

Dose levels and Escalation 

The dose of the prescribed intervention followed a modified Fibonacci scheme (Peiris et al., 

2017; Colucci et al., 2017; Penel et al., 2012) whereby four dose levels were established (Table 

1). All participants received a preparation session of 20 minutes after inclusion. From day four 

to six after stroke or inclusion, the three participants received a three-day rehabilitation with 

their respective dose level (Figure 2). If two or more participants experienced DLT, MTD was 

reached and the study completed.  If one participant experienced DLT, a new cohort of three 

participants was selected and received the same dose level again (Figure 1). If no adverse 

events were identified and the three participants managed to tolerate the dose in three days, 

then the dose was escalated. This plan for this process is to continue until the maximal dose 

of 133 minutes per session will be reached or two or more participants did experience DLT 

(then the previous dose will be considered as MTD). The amount of 133 minutes has been 

identified as a similar value that has been established as beneficial in participants only with 

subacute stroke (Meyer et al., 2021).  
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Table 1. Dose levels for upper limb rehabilitation with dose increments following the modified Fibonacci scheme 

 

 

Figure 2. From eligibility assessment to rehabilitation 

Safety assessment 

As mentioned earlier, Dose-Limiting Tolerance (DLT) thresholds were set as: failure to 

complete more than 20% of prescribed three-day rehabilitation dose due to pain, fatigue 

and/or perceived exertion. In Table 2, the DLT-thresholds are presented. A participant reached 

DLT when the DLT-threshold was exceeded in at least one of the following three items at one 

of the measurement time points and 20% of the prescribed dose could not be completed. The 

three items in detail: 

i. Fatigue by the Visual Analogue Scale for Fatigue (VAS-f) (Shahid et al., 2011): This 

questionnaire consists of 18 items relating to the subjective experience of fatigue. Each 

item asks respondents to place an ‘X’, representing how they currently feel, along with 

a visual analogue line. However, to work efficiently, only item one and four were 
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presented to the participant at the beginning, in the middle of and after each therapy 

session. In the data analysis, the average score of item one and four was considered. 

The extremes of item one are “Not at all tired”, corresponding with zero, and 

“Extremely tired”, corresponding with ten. The extremes of item four are “not at all 

fatigued”, corresponding with zero, and “extremely fatigued”, corresponding with ten. 

Tseng et al. (2010) identified a good reliability, responsiveness and validity of the  

VAS-f to assess fatigue in people after stroke. Whilst tiredness appears to be generally 

mental or psychological in nature, fatigue is a bodily state. 

ii. Rating of perceived exertion by the Borg Scale (Compagnat et al., 2018): The Borg Scale 

is recommended to measure the intensity of physical exercise during stroke 

rehabilitation. It included asking: “What was the highest perceived intensity of effort 

during those tasks on a scale from six to 20, with six being no effort and 20 being 

maximal intensity or effort?”. Sage et al. (2013) stated that the Borg Scale is a 

reasonable indicator of exercise intensity after stroke.  

iii. Pain by the Numeric Rating Scale (Shahid et al., 2011): The 11-point Numeric Rating 

Scale (NRS) quantified the intensity of pain, with ten being the most intense level of 

pain and zero being no pain. Chuang et al. (2014) proved the NRS a reliable measure 

of pain in people with stroke, with good relative and absolute reliability. 

Table 2. Dose-Limiting Tolerance (DLT) thresholds for the three items: fatigue, perceived exertion and pain 
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2.4 Outcome Measures  

Descriptive measures of each participant entering the study were documented including age, 

gender, upper limb motor impairment measured by the Motricity Index (MI) (Demeurisse et 

al., 1980; Hunter et al., 2011) and stroke lesion type, side and location. 

Clinical outcome measures were measured at baseline (day two after stroke or inclusion, 

Figure 2) and at completion of the dose level i.e. at post-intervention (day six after stroke or 

inclusion). These outcome measures were different to the aforementioned safety 

assessments. 

Primary outcomes 

The primary outcome measures were the Motricity Index (MI) (Demeurisse et al., 1980; 

Hunter et al., 2011) and the Upper Extremity specific part of the Fugl-Meyer Assessment (FMA-

UE) (Lee et al., 2015). The MI and FMA-UE assess upper limb motor impairments on the motor 

function level of the International Classification of Functioning, Disability and Health (ICF). The 

MI assesses three upper limb movements (shoulder abduction, elbow flexion, pincer grip) and 

the respective isometric strength with a maximum score of 33 per movement. A total score of 

99 is noted as a perfect score of 100. The MI upper limb specific is proven to have a good inter-

rater reliability in stroke patients by Collin & Wade (1990). The FMA-UE consists of 33 items 

graded on an ordinal scale (zero to two), with a total score ranging between zero (loss of motor 

function) and 66 (intact motor function). Regarding the FMA-UE, the Minimally Clinically 

Important Difference (MCID) established by Hiragami et al. (2019) was 12.4 points as 

determined in stroke survivors with moderate to severe upper limb hemiparesis in the 

subacute stage after stroke. Recently, Lin et al. (2022) concluded that 13 points was the 

estimated optimal MCID of improvement in the Motricity Index Arm score in the acute 

assessment and three months post stroke (Lin et al., 2022). 

Secondary outcomes 

The secondary outcome measure is the Action Research Arm Test (ARAT) (Van Der Lee et al., 

2001)(Figure 3). The ARAT assesses the upper limb motor disabilities on the activity level of 

the International Classification of Functioning, Disability and Health (ICF). The ARAT measures 

motor capacity and performance in four different subscales, namely grasp, grip, pinch and 

gross movement, with a maximum score of 57, reflecting good motor performance. The ARAT 
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has been shown to have strong psychometric properties, with high test-retest and inter-rater 

reliability (McDonnell M., 2008; Van der Lee et al., 2001) and strong validity (Chen et al., 2012). 

The ARAT is executed with a standardized positioning following the study of Yozbatiran et al. 

(2008). The Minimally Clinically Important Difference (MCID) for the ARAT of stroke survivors 

in the early subacute stage with hemiparesis of moderate severity was established by Lang et 

al. (2008). They made a distinction between the dominant and non-dominant side. The MCID 

for the dominant side was 12 points and for the non-dominant side 17 points (Lang et al., 

2008). 

 

Figure 3. The shelf and items needed for the standardized testing of the Action Research Arm Test (ARAT). 

2.5 Intervention 

The planned intervention was a multimodal upper limb rehabilitation program consisting of 

three components: a) Upper limb training protocol; b) Functional Electrical Stimulation (FES); 

c) Mirror therapy. Component a) and b) were applied at each dose level, but component c) 

was only included in dose level three and four. The detailed content of each intervention 

session for each dose level day can be found in the ‘Appendix’. Therapy sessions were guided 

by the researchers and an informed independent physiotherapist of ZOL Genk. The 

intervention was in addition to the standard care that each participant received daily. 

Standard care consisted of 60 minutes of physiotherapy mainly focused on the lower limb to 

promote gait, stability and weight bearing/shifting with little attention for the upper limb and 

30 minutes of occupational therapy which included some functional upper limb training. 

a) Upper limb training protocol 
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The upper limb training protocol is based on the ‘Treatment Progression Hierarchy for 

Coordinated Movement Practice’ of Daly et al. (2019). The protocol consists of six hierarchical 

steps (Table 3) from ‘Muscle activation in synergy’ to ‘Full functional task practice’. For each 

participant, it was individually decided in which of the six steps (A-F, Table 3) the treatment 

could start and progressions were individually implemented based on the FMA-UE score at 

baseline (‘Appendix’). In dose level one and two, the upper limb training protocol occupied 

half of the session (the other half was FES). In dose level three and four, the upper limb training 

protocol occupied one third of the session (together with one third FES and one third mirror 

therapy). Four main principles of Motor Learning (Daly et al., 2019) were applied, for example 

positioning that could influence task difficulty. ‘Single joint movement’ was executed for the 

scapula, shoulder, elbow, wrist and hand. ‘Task component practice’ and ‘Full functional 

practice’ consisted of patient specific exercises linked to their usual daily activities. More 

details of the upper limb training protocol can be found in the ’Appendix’. 

Table 3. Upper limb training protocol: Treatment progression hierarchy for coordinated movement practice (Daly 

et al., 2019). 

 

b) Functional Electrical Stimulation (FES) 

Our review demonstrated the promising evidence of FES in the acute and early subacute 

stage after stroke in patients with severe upper limb impairments. FES occupied half of the 

sessions in dose level one and two (together with the upper limb protocol) and one third of 

the session in dose level three and four (together with the upper limb protocol and mirror 

therapy). This was possible through the application of two to eight electrodes that were set 

synchronous or in alternation. Either the whole movement (e.g. reaching) was directed by 

the electrodes or only a part of the involved muscles was stimulated with two to eight 

electrodes (Figure 4). In this way, augmented functional training (e.g. reaching for a glass) 
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was provided. Two different stimulation programs were created and used based on the 

manual of the SaeboStim Pro XFT-2000 that was used as FES nerve and muscle stimulator 

(XFT Medical., 2000; Hofmann, H., 2021) (Table 4). Program one resulted in short muscle 

contractions and program two in a long contractions. Both programs were applied 

depending on the type and goal of the concerning exercise. When a good execution of a 

given exercise was not possible with these parameter settings, the frequency was raised to 

60 Hertz (Hz) or another functional movement was chosen. 

Table 4. Functional Electrical Stimulation (FES) parameter settings of the two used programs. Hz, Hertz; μs, micro 

seconds; sec, seconds. 
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Figure 4. Some examples of FES electrodes positioning to support and augment the reaching movement of the 

participant.  

c) Mirror Therapy 

Mirror therapy was chosen as a third component to provide extra variation in the 

rehabilitation programme at dose level three and four, occupying one third of the sessions. 

Our review demonstrated that mirror therapy was equally effective as conventional exercise 

therapy in improving severe upper limb impairments in the acute and early subacute stage 

after stroke. In mirror therapy, visual feedback is  provided placing a mirror box in front of the 

subject (Figure 5). When the participant looks in the mirror, the unaffected limb was reflected. 

The participant is told to move the unaffected arm while looking in the mirror. The participant 

was first instructed to simply watch the reflection of the unaffected hand in the mirror. 

Progressions were made from static to active and functional movements like rolling a ball. 

When possible, gentle and synchronous movements of the affected hand were encouraged 

behind the mirror. All analytical and functional exercises, together with the motor learning 

principles, of the wrist and hand from a) were implemented in the mirror therapy sessions of 

the multimodal upper limb rehabilitation program. 

     

Figure 5. The mirror box needed for mirror therapy 
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2.6 Statistical analysis (decision tree in ‘Appendix’) 

Statistical analyses involved using JMP software version 16.2 (2022) (Jones, B. & Sall, J., 

2011). This analysis included the data of participants that completed the study. 

To analyse if there was a cumulative fatigue present in participants, a difference in the 

before session fatigue scores between the different days was regarded, a distribution 

(mathematical function) for each participants’ data apart was made. After checking for 

normality by the Shapiro-Wilk test, the signed rank test was conducted accordingly. A value 

of p<0.05 was considered statistically significant. 

To analyse if there was a significant difference in fatigue change (after session outcome 

minus before session outcome) and absolute after session fatigue scores between the two 

doses, an analysis of two independent groups with continuous data was conducted by a Fit Y 

by X model. With either after session outcomes or fatigue difference in outcomes as the Y 

variable and the dose level (consisting of level one and two) as the X-variable. Normality and 

equality of variance were respectively checked by the Shapiro-Wilk and Brown-Forsythe test. 

Accordingly, the parametric Pooled t-Test or non-parametric Wilcoxon Rank Sum test were 

used. A value of p<0.05 was considered statistically significant. 

The same method, as described for fatigue difference between doses, was used for the 

analysis of the RPE after session scores by dose and pain after therapy session scores by 

dose. 

To see if a baseline difference between primary and secondary outcome measures was 

present between the participants, the baseline outcomes were compared in a distribution 

for one group (consisting of all five participants). After checking for normality by the Shapiro-

Wilk test, the t-test or the signed rank test was conducted to see if a significant difference 

was present with p<0.05. The analyses of the baseline to post-intervention outcome changes 

of the FMA-UE, ARAT, and MI was conducted by using the difference of these scores (post-

intervention outcome minus baseline outcome) as independent variables. To compare the 

difference between post-intervention and baseline scores, the same analysis as described for 

the baseline differences was conducted. 
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3. Results 

The results section is divided in three parts. First, the demographics and baseline 

measurements of the included participants in presented. Afterwards, individual case reports 

for each participant are elaborated. At last, the effect of the intervention program on 

fatigue, rating of perceived exertion and clinical outcome measures with its statistics is 

presented. 

3.1 Demographics and baseline measurements (Table 6) 

Six participants were included in the dose escalation study, but only five completed the 

study. Dose level one was completed with three participants, while dose level two could be 

completed by two participants until now. There was one drop-out after the first full 

intervention session of the sixth participant. The data of this drop-out was not included in 

the number of patients or any analysis. The respective participant suffered from a second 

stroke on a different location the night after the first dose of 67 minutes. Recruitment was 

expanded until one month after stroke, but the five participants were all included in the 

acute stage after their stroke. All participants had an ischemic stroke, buy all in different 

brain regions (Table 6). Based on the median Fugl-Meyer Upper Extremity score of 29 points 

(Interquartile range, IQR) at baseline, participants had moderate upper limb impairments 

with a poor upper limb capacity (Table 5). This severity was confirmed through the average 

baseline score of 14 points on the Action Research Arm Test (ARAT) (Table 5). At baseline, 

there were no significant differences between all participants for all three clinical outcome 

measures (FMA-UE p=0.062; ARAT p=0.125; MI p=0.062). The specific content of the upper 

limb therapy program for each participant can be found in detail in the ‘Appendix’. 

Table 5. Classification of upper limb impairments based on Hoonhorst et al., 2015 and Woodbury et al., 2013 
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Table 6. Demographics and baseline measurements 

 

3.2 Case reports of all participants at the two different dose levels 

Participant one: dose level one (Table 7, Appendix) 

This participant was the only one included with severe upper limb impairments or no 

capacity based on table 5 (Hoonhorst et al., 2015; Woodbury et al., 2013). Inclusion and 

treatment was in the acute stage after stroke. After the three intervention sessions of dose 

level one, the participant did not show dose-limiting fatigue and there was no increased 

fatigue after the intervention sessions. Also, the rating of perceived exertion thresholds 

were not exceeded. The fatigue scores before each session did not increase during the 

course of the three-day rehabilitation program (p=0.125), which excludes a cumulative 

fatigue. Nevertheless, the participant did not show any notable improvements on any 

outcome measure of clinical effectiveness. So, dose level one can be considered as feasible, 

but not effective in facilitating the spontaneous recovery in this respective case. 
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Table 7. Individual fatigue scores of participant one 

 Before session After session Fatigue difference 

Preparation dose 6 8.5 2.5 

Day 1 6 6 0 

Day 2 9 7 -2 

Day 3 9 7.5 -1.5 

p-value 0.125   

 

Participant two: dose level one (Table 8, Appendix) 

Participant two, included in its first week after stroke, suffered from moderate upper limb 

impairments (Table 5). All fatigue scores, before and after the sessions, were beneath the 

DLT-thresholds and no increase in fatigue due to the therapy sessions was observed. There 

was also no cumulative fatigue (p=0.125). The therapy sessions were perceived as heavy but 

tolerable. Dose level one can be considered as feasible, but not effective in improving upper 

limb impairments and disabilities in this respective case. 

Table 8. Individual fatigue scores of participant two 

 Before session After session Fatigue difference 

Preparation dose 5 5.5 0.5 

Day 1 5 7 2 

Day 2 5 5.5 0.5 

Day 3 4.5 1 -3.5 

p-value 0.125   

 

Participant three: dose level one (Table 9, Appendix) 

The third participant, also included in the acute stage after stroke, suffered from moderate 

upper limb impairments but had almost no capacity based on the ARAT (Table 5). The 

participant showed low levels of fatigue, no increased fatigue and perceived the therapy 

sessions as rather easy. No cumulative fatigue was present (p=0.125). Dose level one can be 

considered as feasible, but not effective in improving upper limb impairments and 

disabilities in this respective case. Important to note is that the participant received an upper 
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limb training protocol of 44 minutes without the application of Functional Electrical 

Stimulation (FES) because no muscle contraction could be retrieved due to obesity. 

Table 9. Individual fatigue scores of participant three 

 Before session After session Fatigue difference 

Preparation dose 2.5 3.5 1 

Day 1 4 3 -1 

Day 2 4 4 0 

Day 3 3 3.5 0.5 

p-value 0.125   

 

Participant four: dose level two (Table 10, Appendix) 

The fourth participant, the first one of dose level two, was included two days after its stroke 

and suffered from moderate upper limb impairments with limited capacity (Table 5). The 

participant showed low fatigue at all three days before the therapy sessions which 

eliminates a cumulative fatigue (p=0.125). The therapy sessions caused a slight increase of 

fatigue after the session but with fatigue scores still far beneath the DLT-thresholds. The 

participant improved clinically relevant on the Motricity Index with 36 points in comparison 

with the minimally clinically important difference of 13 points (Lin et al., 2022). For the FMA-

UE and ARAT, the third participant made some notable, however not clinically relevant, 

improvement in upper limb impairments and disabilities. Even more, the participant evolved 

from moderate to mild upper limb impairments (Table 5). Dose level two of 67 minutes was 

therefore feasible and effective in augmenting the recovery of upper limb impairments in 

this respective case. 

Table 10. Individual fatigue scores of participant four 

 Before session After session Fatigue difference 

Preparation dose 2 3.5 1.5 

Day 1 2.5 6 3.5 

Day 2 3.5 3.5 0 

Day 3 3.5 3.5 0 

p-value 0.125   
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Participant five: dose level two (Table 11, Appendix) 

The fifth participant, the second of dose level two, was included in the acute stage after 

stroke and suffered from moderate upper limb impairments with poor capacity (Table 5). 

The participant showed low fatigue scores before and after the therapy sessions with only a 

slight increase from the beginning to the end of the sessions. However, all scores were 

clearly beneath the DLT-thresholds. The respective participant improved clinically relevant 

on the FMA-UE (20 points in comparison with the MCID of 12.4 points established by 

Hiragami et al., 2019), the MI (25 points in comparison with MCID of 13 points established by 

Lin et al., 2022) and the ARAT (32 points in comparison with the MCID of 12 points 

established by Lang et al., 2008). Following table 5, the participant had only mild to 

moderate impairments after the intervention program. Dose level two of 67 minutes is 

therefore feasible and effective in improving upper limb impairments and disabilities in this 

respective case. 

Table 11. Individual fatigue scores of participant five 

 Before session After session Fatigue difference 

Preparation dose 6 3 -3 

Day 1 0 5.5 5.5 

Day 2 3 6 3 

Day 3 6 7 1 

p-value 0.25   

 

3.3 Intervention effects 

Effect of intervention on fatigue (Table in ‘Appendix’) 

There was no significant difference in fatigue change, from the beginning to the end of the 

sessions, between the two dose levels (p=0.128) (Graph 4), which means that a session 

length of 67 minutes did not cause aggravated fatigue in comparison with a session length of 

44 minutes. Furthermore, the absolute fatigue scores after the therapy sessions did not 

differ significantly between dose level one and two (p=0.648) (Graph 5). So, dose level two 

did neither cause aggravated fatigue nor did it cause absolute higher fatigue scores. The case 
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reports already discovered that no participants suffered from a cumulative fatigue. No Dose-

Limiting Tolerance was reached during the current intervention dose levels. 

Figure 4. Fatigue difference scores by participant and by dose 

 

The fatigue difference from before to after session fatigue is presented for each participant on each day. 

Preparation dose, Prep 

 

The mean fatigue difference score (from before to after the session) is presented for each dose and between 

doses. Fatigue difference plotted by dose; Difference, diff 
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Figure 5. After session fatigue scores by participant and by dose 

 

The after session fatigue score of each participant for each day is presented. Preparation dose, Prep 

 

The mean after session fatigue score per dose and between doses is presented. After session fatigue scores 

plotted by dose 

Effect of intervention on Rating of Perceived Exertion (RPE) (Table in Appendix) 

The case reports did confirm that each participant tolerated their respective intervention 

dose during and after the intervention. Moreover, there were no significant differences 

between the two dose levels in absolute Borg RPE scores at the end of the sessions (p=0.383, 

‘Appendix’). So, dose level two of 67 minutes was not perceived as more intensive than dose 
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level one of 44 minutes. No Dose-Limiting Tolerance was reached during the current 

intervention dose levels. 

Effect of intervention on clinical outcome measures 

The total intervention program (dose level one plus dose level two) had no overall significant 

effect on FMA-UE (p=0.25) and MI (p=0.50), and ARAT (p=0.625) (‘Appendix’). Due to low 

sample size and the incomplete dose level two, it was not possible to compare the clinical 

effectiveness of the two doses separately. The established power was insufficient to reliably 

detect differences between the two doses. Nevertheless, dose level two resulted in 

improvements on the FMA-UE (Graph 1), MI (Graph 2) and ARAT (Graph 3) which were 

higher than the minimally clinically important differences of respectively 12.4, 13 and 17 

(and 12) points (Hiragami et al., 2019; Lang et al., 2008; Lin et al., 2022). Due to these 

clinically relevant improvements, dose level two can be considered as more effective than 

dose level one in improving moderate to severe upper limb impairments and disabilities 

after acute and very early subacute stroke. 

Graph 1. Fugl-Meyer Upper Extremity (FMA-UE) from baseline (pre) to post intervention 

 

Participant 4 and 5 received dose level two. 
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Graph 2. Motricity Index (MI) scores from baseline (pre) to post intervention 

 

Participant 4 and 5 received dose level two. 

 

Graph 3. Action Research Arm Test (ARAT) scores from baseline (pre) to post intervention 

 

Participant 4 and 5 received dose level two 
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4. Discussion 

4.1 Interpretation of the dose escalation study 

This dose escalation study aimed to identify the optimal session length of upper limb therapy 

for patients with moderate to severe upper limb impairments after acute (one to seven days 

after stroke) and very early subacute stroke (eight days to one month after stroke). To 

achieve this aim, the feasibility of a single-ascending dose of upper limb therapy was 

assessed which included safety, toxicity and tolerability measurements of an upper limb 

therapy program. Also, the clinical effects of the different doses were documented. Despite 

the low recruitment rate, some clear trends were already discovered and provide a good 

base to proceed the current study until Dose-Limiting Tolerance (DLT) and the Maximum 

Tolerated Dose (MTD) are reached or the maximum possible dose without experiencing DLT 

is attained.  

Until now, no Dose-Limiting Tolerance (DLT) was experienced by any participant, even 

though every participant had their intervention in the first week after stroke. The dosages 

applied in the study appeared to be feasible. 

There was no significant difference between dose level one and two in fatigue increase 

(from the beginning to the end of the sessions), which means that dose level two did not 

cause any aggravated fatigue. Furthermore, the average fatigue score after the sessions did 

not differ significantly between the two dose levels. Fatigue levels of participants in both 

dose levels at day one (preparation dose) did not worsen over the course of three days 

wherein the intervention program was executed. Thus, there was no cumulative fatigue 

during the intervention program. However, participants were regularly inconsistent in 

reporting fatigue scores with day by day oscillations. Some participants were less fatigued 

after their intervention session, what possibly means that this population needs activation to 

overcome their feeling of fatigue. This can be caused by long periods by day of not 

interacting at all (De Wit et al., 2005). All participants of both dose levels did tolerate the 

therapy sessions well in terms of intensity. The average rating of perceived exertion after the 

therapy sessions did not differ significantly between the two dose levels and were all 

beneath the DLT-thresholds. In conclusion, based on participants’ and therapists’ 

experiences, the dose of 67 minutes can be perceived as feasible and well tolerable. 
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The study faced one drop-out, however it was not related to the intervention program. In 

acute stroke care, there are some common issues therapists have to face. Mazwi et al. 

(2020) reported post-stroke hypoarousal, insomnia, temporary bowel and bladder 

incontinence, post-stroke dysphagia, mood disorders and communication difficulties as 

possible patient-specific barriers that hinder qualitative physical therapy. This is as well a 

possible explanation for the low recruitment rate our experiment faced. 

The total intervention program did not provide significant effects in terms of improving 

moderate to severe upper limb impairments after acute and very early subacute stroke. 

Because of the low sample size and the incomplete dose level two, it was very difficult to 

establish a statistical significant difference with sufficient power which is a possible reason 

for not identifying any significant difference overall and the analysis of between-dose 

differences was not possible.  

In dose level one, which included three participants in the acute stage after stroke, there 

were no notable improvements after the intervention on ICF level of motor function (FMA-

UE, MI) or activity (ARAT). Due to low dosage of upper limb therapy, dose level one only 

received 44 minutes of upper limb therapy per day, the spontaneous course of stroke 

recovery could not be facilitated. One participant of dose level one did not receive the FES 

part of the intervention. In our review, FES was considered at least as effective as time-

matched conventional therapy and therefore could have influenced the effect on clinical 

outcome measures in a positive way (Francisco et al. 1998; Obayashi et al., 2020; 

Shimodozono et al., 2013; Zheng et al., 2019). Nevertheless, none of the three participants 

of dose level one did make any notable improvements, so the influence of missing the FES 

part of the intervention in one participant seems to be negligible. 

Dose level two did make some notable improvements over time on all outcome measures, 

both on ICF level of motor function (FMA-UE, MI) and activity (ARAT). Both participants were 

located in the acute stage after stroke. Dose level two did improve averagely with 13 points 

on the FMA-UE, which is higher than the minimally clinically important difference (MCID) of 

12.4 points of the FMA-UE. The MCID of the MI and ARAT were exceeded as well on average 

by dose level two on. Even more, after the intervention the two participants were evolved 

from moderate to mild upper limb impairments (Table 5; Hoonhorst et al., 2015; Woodbury 

et al., 2013), through which the second dose of 67 minutes of upper limb therapy can be 
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considered to have an additional effect in comparison with the first dose of 44 minutes on 

improving upper limb impairments and disabilities. In this case, it’s more appropriate to 

state that the second dose could facilitate the spontaneous stroke recovery better. These 

results are a trend to a positive dose-response relationship, which could not be established 

in our own systematic review. However, Hayward et al. (2021) stated that non-effects could 

be due to the low dosage of upper limb therapy, specifically with a session length from 30 to 

60 minutes. Most of the included studies in our review had a therapy time per day of less 

than 60 minutes. It is therefore understandable that no positive dose-response relationship 

could be established in our systematic review because of the common low therapy dosages. 

This is at the same time a possible reason why the second dose level of 67 minutes may be 

effective. The improvements of dose level two need to be emphasized as, on average, the 

MCID of all clinical outcome measures were exceeded. The improvements in this trial were 

made within one week after their baseline assessment and within one month after stroke at 

the most. The MCID values referenced to in the introduction were all established at least 

one month (to three months) after their baseline assessments. 

On the other hand, the trend to a positive dose-response relationship would confirm the 

findings of qualitative studies as the Queen Square Upper Limb (QSUL) Neurorehabilitation 

program (Ward et al., 2019) and the BOOST therapy program (Meyer et al., 2021), where 

higher dosages of therapy provided clinically important higher improvements in upper limb 

impairments in comparison with lower dosages. The QSUL program provided 30 hours of 

therapy per week, which is a very high dose, while the BOOST therapy program provided one 

hour of therapy extra per session. However, both studies did not include participants in the 

acute stage after stroke, although a recent study of Dromerick et al. (2021) proved the acute 

stage to be sensitive for intensive exercise therapy. 

The observed improvements of the participants of dose level two were on ICF level of motor 

function (FMA-UE and MI) as well as on ICF level of activity (ARAT). It indicates a transfer 

from improvements in upper limb motor function to upper limb activities. This supports the 

findings of our own review where the transfer was already confirmed. Early studies of Chae 

et al. (1995) and Patel et al. (2000) stated that the level of upper limb impairment based on 

the FMA-UE is a predictor of physical disability in the later stages after stroke. Upper limb 
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motor function is considered to be the variable with the highest predictive power for self-

care ability. 

4.2 Strengths and weaknesses 

One of the strengths of this dose escalation study is its methodology. The study design, 

namely the cumulative three plus three design, is a scientific underpinned method (Dite et 

al., 2015; Machin et al., 2011). The modified Fibonacci scheme to establish the different dose 

levels is proven to be feasible in earlier studies of Colucci et al. (2017), Peiris et al. (2017) and 

Penel et al. (2012). The applied intervention is a multimodal program that is based on the 

findings of our own systematic review in terms of effective strategies in the rehabilitation of 

moderate to severe upper limb impairments in the acute and early subacute stage after 

stroke. The intervention is described in detail for each day of each dose level and subdivided 

based on the initial FMA-UE score, these details can be found in the ‘Appendix’. The 

intervention program was adjusted to the patient-specific level of impairments based on the 

initial FMA-UE score. This is a strength as a patient-specific rehabilitation is mostly 

overlooked in experimental studies. Our systematic review identified that scientific 

underpinned intervention approaches of severe upper limb impairments in the acute stage 

after stroke are scarce and the influence of patient-specific barriers as fatigue in this stage 

on rehabilitation are unknown. In accordance with our review, Hayward et al. (2021) 

appointed a lack of attention to interventions in the acute stage of stroke. The dose 

escalation study is therefore a good innovation to qualitatively elevate the literature and 

knowledge about rehabilitation approaches early after stroke.  

The study could not yet be completed due to low recruitment rate. Nevertheless, the current 

obtained conclusions will be largely extended after completing the dose escalation study. 

The smaller sample size is a weakness because it reduced the statistical power and 

confidence level of the study, through which not all planned analyses could be executed. To 

complement the non-significant effects of the low sample size, precise individual case 

reports were added to discuss feasibility and effectiveness.  

The inclusion of participants up to month after stroke was an attempt to promote 

recruitment rate. The integral first month post-stroke is a critical time for neural endogenous 

plasticity and responsiveness to sensorimotor experience (Biernaskie et al., 2004; 
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Birkenmeier et al., 2010; Krakauer et al., 2012). Doing so, the dose escalation study is not 

exclusively a research in the acute stage after stroke. To promote recruitment rate even 

more, it would be better to include another acute stroke unit other than Ziekenhuis Oost-

Limburg (ZOL) Genk in the future. Recently, the first arrangements were made with 

Noorderhart MS centre Pelt to be added as recruitment and intervention site. 

Very severe patients, who do not have a flicker in wrist extension (at least grade one at wrist 

extensors measured by the Medical Research Council (MRC) Scale), were excluded. The aim 

of the study was to provide different doses of active rehabilitation and to assess the impact 

of active exercise-induced fatigue on outcome measures and tolerability. This aim could not 

be reached when no active flicker was present. 

The study did not reach dose level three, which also meant that no mirror therapy was 

applied in the intervention program until now. Our systematic review determined mirror 

therapy as an effective adjunct to conventional therapy in the rehabilitation of moderate to 

severe upper limb impairments in the acute and early subacute stage after stroke (Chan & 

Au-Yeung, 2018; Dohle et al., 2008). It is therefore possible that mirror therapy in 

combination with a new and longer dose (dose level three of 100 minutes) will provide an 

augmented effect on improvements of upper limb impairments and disabilities. 

There is a possible rater bias as four different researchers performed the baseline and post-

intervention clinical assessments. However, the FMA-UE is reliable both within and between 

raters in patients in the early stages after stroke (79-100% agreement) (Hernández et al., 

2019). Van der Lee et al. (2001) and McDonnell M. (2008) confirmed the high intra- and 

interrater reliability of the ARAT with all Spearman’s rho values being higher than 0.98 . At 

last, the within (ICC = 0.93, Fayazi et al., 2012) and between rater (Spearman rho = 0.88, 

Collin & Wade, 1990) reliability of the MI was established as well. Consequently, the rater 

bias has rather a negligible effect on the clinical measurements in this study. 

4.3 Recommendations for future research 

Mainly, future research should focus on the integral rehabilitation of moderate to severe 

upper limb impairments in the early stages after stroke. Obviously, it is necessary to 

complete the dose escalation study to identify the optimal session length in the 

rehabilitation of moderate and severe upper limb impairments after acute and very early 
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subacute stroke. In this way, a reliable dose-response relationship for this population can be 

demonstrated. Once, the optimal session length is determined, it can serve as a solid base 

for further research. The clinical effectiveness of different rehabilitation strategies can be 

investigated more qualitatively as session length is standardized. Also, the effect of different 

intensities of upper limb therapy can be investigated within the same session length. 

Important here is the reproducibility of dose descriptions as the dose articulation framework 

of Hayward et al. (2021) is a considerable option. All these elements promote the 

standardization of the rehabilitation of acute and very early subacute stroke patients with 

moderate to severe upper limb impairments. Another element to consider is the use of 

prognostic tools such as the proficient PREP2 model to further adjust the upper limb therapy 

program (Lundquist et al., 2021; Stinear et al., 2017). In doing so, a more patient-specific 

rehabilitation strategy can be applied, like in our dose escalation study where the initial 

FMA-UE scores served to specifically adjust the intervention program to each participant. 

Furthermore, it is important to investigate the possible barriers that therapists can face in 

the acute stage after stroke (Mazwi et al., 2020). This study is one of the first to investigate 

the influence of fatigue, tiredness and perceived exertion on the feasibility and effectiveness 

of an upper limb therapy program, but more research is crucial. Our study included 

participants with moderate or severe upper limb impairments. Based on table 5 following 

our own systematic review, only one participant suffered from severe upper limb 

impairments. This respective participant tended to be generally more fatigued than the 

other four participants. Nonetheless, the respective participant did not reach dose-limiting 

tolerance (DLT). That’s why future research should also include exclusively severely impaired 

participants to investigate the influence of fatigue on clinical outcome measures in this 

specific population. 

In general, a sufficient sample size is needed to obtain high-quality evidence and subanalyses 

on the influence of location, side and type of stroke lesion on outcome measures can be 

performed in addition. 
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5. Conclusion 

The dose escalation study identified the second dose of 67 minutes as a more optimal 

session length, than the first dose of 44 minutes, of upper limb therapy for stroke survivors 

with moderate to severe upper limb impairments after acute and very early subacute stroke. 

The dose of 67 minutes was considered feasible as no Dose-Limiting Tolerance (DLT) 

thresholds were exceeded. The participants showed good tolerability as no aggravated 

fatigue, tiredness or perceived exertion was established. The participants of dose level two 

made some clinically relevant improvements on ICF level of motor function (FMA-UE, MI) 

and activity (ARAT), while the participants of dose level one did not make any 

improvements. These results indicate a trend to a positive dose-response relationship. 

However, the Maximum Tolerated Dose (MTD) could not yet be identified as the dose 

escalation study is still ongoing due to low recruitment rate. The dose escalation study is 

expected to proceed soon to dose level three with 100 minutes of multimodal upper limb 

therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

References 

Bernhardt, J., Hayward, K. S., Kwakkel, G., Ward, N. S., Wolf, S. L., Borschmann, K., Krakauer, J. W., Boyd, L. A., 

Carmichael, S. T., Corbett, D., & Cramer, S. C. (2017). Agreed definitions and a shared vision for new 

standards in stroke recovery research: The Stroke Recovery and Rehabilitation Roundtable taskforce. 

International Journal of Stroke, 12(5), 444–450.  

Biernaskie J, Chernenko G and Corbett D. Efficacy of rehabilitative experience declines with time after focal 

ischemic brain injury. J Neurosci 2004; 24: 1245–1254. 

Birkenmeier RL, Prager EM and Lang CE. Translating animal doses of task-specific training to people with 

chronic stroke in 1-hour therapy sessions: a proof-of-concept study. Neurorehab Neural Repair 2010; 24: 

620–635. 

Chae, J., M. Johnston, H. Kim and R. Zorowitz, 1995. Admission motor impairment as a predictor of physical 

disability after stroke rehabilitation. Am. J. Phys. Med. Rehabil., 74: 218-233. 

Chan, W. C., & Au-Yeung, S. S. (2018). Recovery in the Severely Impaired Arm Post-Stroke After Mirror Therapy: 

A Randomized Controlled Study. American Journal of Physical Medicine & Rehabilitation, 97(8), 572–577. 

Chen HF, Lin KC, Wu CY, Chen CL. Rasch validation and predictive validity of the action research arm test in 

patients receiving stroke rehabilitation. Arch Phys Med Rehabil. 2012;93(6):1039-1045. 

Chuang, L. L., Wu, C. Y., Lin, K. C., & Hsieh, C. J. (2014). Relative and Absolute Reliability of a Vertical Numerical 

Pain Rating Scale Supplemented With a Faces Pain Scale After Stroke. Physical Therapy, 94(1), 129–138. 

Collin C, Wade D. Assessing motor impairment after stroke: a pilot reliability study. Journal of neurology, 

neurosurgery and psychiatry. 1990 Jul;53(7):576-579 

Colucci, E., et al., A rule-based, dose-finding design for use in stroke rehabilitation research: methodological 

development. Physiotherapy, 2017. 103(4): p. 414-422. 

Compagnat, M., et al., Rating of perceived exertion with Borg scale in stroke over two common activities of the 

daily living. Topics in sTroke rehabiliTaTion, 2018. 25(2): p. 145-149. 

Crozier, J., et al., High-intensity interval training after stroke: an opportunity to promote functional recovery, 

cardiovascular health, and neuroplasticity. Neurorehabilitation and neural repair, 2018. 32(6-7): p. 543-556. 

Dąbrowska-Bender, M., Milewska, M., Gołąbek, A., Duda-Zalewska, A., & Staniszewska, A. (2017). The Impact of 

Ischemic Cerebral Stroke on the Quality of Life of Patients Based on Clinical, Social, and Psychoemotional 

Factors. Journal of Stroke and Cerebrovascular Diseases, 26(1), 101–107. 

Daly, J.J., et al., Long-Dose intensive therapy is necessary for strong, clinically significant, upper limb functional 

gains and retained gains in Severe/Moderate chronic stroke. Neurorehabilitation and neural repair, 2019. 

33(7): p. 523-537. 

Demeurisse, G., Demol, O., & Robaye, E. (1980). Motor Evaluation in Vascular Hemiplegia. European Neurology, 

19(6), 382–389.  

De Wit, L., et al., Use of time by stroke patients: a comparison of four European rehabilitation centers. Stroke, 

2005. 36(9): p. 1977-1983. 



38 
 

Dite, W., et al., A Phase 1 exercise dose escalation study for stroke survivors with impaired walking. 

International Journal of Stroke, 2015. 10(7): p. 1051-1056. 

Dohle, C., Püllen, J., Nakaten, A., Küst, J., Rietz, C., & Karbe, H. (2008). Mirror Therapy Promotes Recovery From 

Severe Hemiparesis: A Randomized Controlled Trial. Neurorehabilitation and Neural Repair, 23(3), 

209–217. 

Dromerick, A. W., Geed, S., Barth, J., Brady, K., Giannetti, M. L., Mitchell, A., Edwardson, M. A., Tan, M. T., Zhou, 

Y., Newport, E. L., & Edwards, D. F. (2021). Critical Period After Stroke Study (CPASS): A phase II clinical 

trial testing an optimal time for motor recovery after stroke in humans. Proceedings of the National 

Academy of Sciences, 118(39), e2026676118. 

Fayazi M, Dehkordi SN, Dadgoo M, Salehi M. Test-retest reliability of Motricity Index strength assessments for 

lower extremity in post stroke hemiparesis. Med J Islam Repub Iran. 2012 Feb;26(1):27-30. PMID: 

23483112; PMCID: PMC3587895. 

Francisco G, Chae J, Chawla H, Kirshblum S, Zorowitz R, Lewis G, Pang S. Electromyogram-triggered 

neuromuscular stimulation for improving the arm function of acute stroke survivors: a randomized 

pilot study. Arch Phys Med Rehabil.1998;79:570-575. 

Hayward, K. S., & Brauer, S. G. (2015). Dose of arm activity training during acute and subacute rehabilitation 

post stroke: a systematic review of the literature. Clinical Rehabilitation, 29(12), 1234–1243. 

Hayward, K. S., Churilov, L., Dalton, E. J., Brodtmann, A., Campbell, B. C., Copland, D., Dancause, N., Godecke, 

E., Hoffmann, T. C., Lannin, N. A., McDonald, M. W., Corbett, D., & Bernhardt, J. (2021). Advancing Stroke 

Recovery Through Improved Articulation of Nonpharmacological Intervention Dose. Stroke, 52(2), 761–769. 

Hayward, K. S., Kramer, S. F., Dalton, E. J., Hughes, G. R., Brodtmann, A., Churilov, L., Cloud, G., Corbett, D., 

Jolliffe, L., Kaffenberger, T., Rethnam, V., Thijs, V., Ward, N., Lannin, N., & Bernhardt, J. (2021). Timing and 

Dose of Upper Limb Motor Intervention After Stroke: A Systematic Review. Stroke, 52(11), 3706–3717. 

Hernández, E., Galeano, C., Barbosa, N., Forero, S., Nordin, A., Sunnerhagen, K., & Murphy, M. (2019). Intra- 

and inter-rater reliability of Fugl-Meyer Assessment of Upper Extremity in stroke. Journal of Rehabilitation 

Medicine, 51(9), 652–659. 

Hiragami, S., Inoue, Y., & Harada, K. (2019). Minimal clinically important difference for the Fugl-Meyer 

assessment of the upper extremity in convalescent stroke patients with moderate to severe hemiparesis. 

Journal of Physical Therapy Science, 31(11), 917–921. 

Hoffman, H. (2021, 19 oktober). A Guide to Electrical Stimulation Therapy for Stroke Patients. Saebo. 

Geraadpleegd op 9 december 2021, van https://www.saebo.com/blog/a-guide-to-electrical-stimulation-

therapy-for-stroke-patients/ 

Hunter, S. M., Hammett, L., Ball, S., Smith, N., Anderson, C., Clark, A., Tallis, R., Rudd, A., & Pomeroy, V. M. 

(2011). Dose–Response Study of Mobilisation and Tactile Stimulation Therapy for the Upper Extremity Early 

After Stroke. Neurorehabilitation and Neural Repair, 25(4), 314–322.  

JMP (16.2). (2022). [Software]. https://www.jmp.com/en_be/home.html  

Jones, B., & Sall, J. (2011). JMP statistical discovery software. Wiley Interdisciplinary Reviews: Computational 

Statistics, 3(3), 188–194. https://doi.org/10.1002/wics.162  

https://www.jmp.com/en_be/home.html
https://doi.org/10.1002/wics.162


39 
 

Krakauer, J. W., Carmichael, S. T., Corbett, D., & Wittenberg, G. F. (2012). Getting Neurorehabilitation Right. 

Neurorehabilitation and Neural Repair, 26(8), 923–931.  

Kwakkel, G., Kollen, BJ., Van der Grond, J., Prevo, AJ. Probability of regaining dexterity in the flaccid upper limb. 

The impact of severity of paresis and time since onset in acute stroke. Stroke. 2003;34:2181–2186.   

Kwakkel, G., Winters, C., van Wegen, E. E. H., Nijland, R. H. M., van Kuijk, A. A. A., Visser-Meily, A., de Groot, J., 

de Vlugt, E., Arendzen, J. H., Geurts, A. C. H., & Meskers, C. G. M. (2016). Effects of Unilateral Upper Limb 

Training in Two Distinct Prognostic Groups Early After Stroke. Neurorehabilitation and Neural Repair, 30(9), 

804–816. 

Lang, C. E., Edwards, D. F., Birkenmeier, R. L., & Dromerick, A. W. (2008). Estimating Minimal Clinically 

Important Differences of Upper-Extremity Measures Early After Stroke. Archives of Physical Medicine and 

Rehabilitation, 89(9), 1693–1700. 

Lawrence, E.S., et al., Estimates of the prevalence of acute stroke impairments and disability in a multiethnic 

population. Stroke, 2001. 32(6): p. 1279-1284. 

Lee, Y.-y., et al., Proximal fugl-meyer assessment scores predict clinically important upper limb improvement 

after 3 stroke rehabilitative interventions. Archives of physical medicine and rehabilitation, 2015. 96(12): p. 

2137-2144. 

Lin, C., Arevalo, Y. A., Harvey, R. L., Prabhakaran, S., & Martin, K. D. (2022). The minimal clinically important 

difference of the motricity index score. Topics in Stroke Rehabilitation, 1–6.  

Lundquist, C. B., Pallesen, H., Tjørnhøj-Thomsen, T., & Brunner, I. C. (2021). Exploring physiotherapists’ and 

occupational therapists’ perceptions of the upper limb prediction algorithm PREP2 after stroke in a 

rehabilitation setting: a qualitative study. BMJ Open, 11(4), e038880. 

Machin, D., et al., Sample size tables for clinical studies. 2011: John Wiley & Sons. 

Masuadi, E., Mohamud, M., Almutairi, M., Alsunaidi, A., Alswayed, A. K., & Aldhafeeri, O. F. (2021). Trends in 

the Usage of Statistical Software and Their Associated Study Designs in Health Sciences Research: A 

Bibliometric Analysis. Cureus. https://doi.org/10.7759/cureus.12639 

Mazwi, N. L., Sparling, T. L., Lissak, I. A., & Black-Schaffer, R. M. (2020). “Hyperacute” Stroke Rehabilitation 

Care: Common Issues and Considerations. Current Treatment Options in Cardiovascular Medicine, 22(12), 

1– 13. 

McDonnell M. Action Research Arm Test. Australian Journal of Physiotherapy. 2008;54(3):220. 

Meyer, S., et al., Arm-hand boost therapy during inpatient stroke rehabilitation: a pilot randomized controlled 

trial. Frontiers in neurology, 2021. 12: p. 247. 

Nakayama H, Jorgensen HS, Raaschou HO, Olsen TS. Recovery of upper extremity function in stroke patients: 

the Copenhagen Study. Arch Phys Med Rehabil. 1994;75:852–857. 

Obayashi, S., Takahashi, R., & Onuki, M. (2020). Upper limb recovery in early acute phase stroke survivors by 

coupled EMG-triggered and cyclic neuromuscular electrical stimulation. NeuroRehabilitation, 46(3), 

417– 422. 

https://doi.org/10.7759/cureus.12639


40 
 

Patel, A.T., P.W. Duncan, S.M. Lai and S. Studenski, 2000. Relation between impairment and functional 

outcome poststroke. Arch. Phys. Med Rehabil., 81: 1357-1363. 

Peiris, C., et al., Maximum tolerated dose of walking for community-dwelling people recovering from hip 

fracture: A dose-response trial. Archives of physical medicine and rehabilitation, 2017. 98(12): p. 2533-

2539. 

Penel, N. and A. Kramar, What does a modified-Fibonacci dose-escalation actually correspond to? BMC medical 

research methodology, 2012. 12(1): p. 1-5. 

Persson, H.C., et al., Outcome and upper extremity function within 72 hours after first occasion of stroke in an 

unselected population at a stroke unit. A part of the SALGOT study. BMC neurology, 2012. 12(1): p. 1-6. 

Rabadi, M., Galgano, M., Lynch, D., Akerman, M., Lesser, M., & Volpe, B. (2008). A pilot study of activity-based 

therapy in the arm motor recovery post stroke: a randomized controlled trial. Clinical Rehabilitation, 22(12), 

1071–1082. 

Rodgers, H., Mackintosh, J., Price, C., Wood, R., McNamee, P., Fearon, T., Marritt, A., & Curless, R. (2003). Does 

an early increased-intensity interdisciplinary upper limb therapy programme following acute stroke improve 

outcome? Clinical Rehabilitation, 17(6), 579–589. 

Sage, M., Middleton, L. E., Tang, A., Sibley, K. M., Brooks, D., & McIlroy, W. (2013). Validity of Rating of 

Perceived Exertion Ranges in Individuals in the Subacute Stage of Stroke Recovery. Topics in Stroke 

Rehabilitation, 20(6), 519–527. 

Serrada, I., McDonnell, M. N., & Hillier, S. L. (2016). What is current practice for upper limb rehabilitation in the 

acute hospital setting following stroke? A systematic review. NeuroRehabilitation, 39(3), 431–438. 

Shahid, A., et al., Visual analogue scale to evaluate fatigue severity (VAS-F), in STOP, THAT and one hundred 

other sleep scales. 2011, Springer. p. 399-402. 

Shimodozono, M., Noma, T., Matsumoto, S., Miyata, R., Etoh, S., & Kawahira, K. (2013). Repetitive facilitative 

exercise under continuous electrical stimulation for severe arm impairment after sub-acute stroke: A 

randomized controlled pilot study. Brain Injury, 28(2), 203–210. 

Skriver, K., et al., Acute exercise improves motor memory: exploring potential biomarkers. Neurobiology of 

learning and memory, 2014. 116: p. 46-58. 

Stinear, C. M., Byblow, W. D., Ackerley, S. J., Smith, M. C., Borges, V. M., & Barber, P. A. (2017). PREP2: A 

biomarker-based algorithm for predicting upper limb function after stroke. Annals of Clinical and 

Translational Neurology, 4(11), 811–820. 

Tseng, B. Y., Gajewski, B. J., & Kluding, P. M. (2010). Reliability, Responsiveness, and Validity of the Visual 

Analog Fatigue Scale to Measure Exertion Fatigue in People with Chronic Stroke: A Preliminary Study. 

Stroke Research and Treatment, 2010, 1–7. 

Van Der Lee, J.H., et al., The responsiveness of the Action Research Arm test and the Fugl-Meyer Assessment 

scale in chronic stroke patients. Journal of rehabilitation medicine, 2001. 33(3): p. 110-113. 

Van der Lee, J. H., De Groot, V., Beckerman, H., Wagenaar, R. C., Lankhorst, G. J., & Bouter, L. M. (2001). The 

intra- and interrater reliability of the action research arm test: A practical test of upper extremity 

function in patients with stroke. Archives of Physical Medicine and Rehabilitation, 82(1), 14–19. 



41 
 

Wafa, H. A., Wolfe, C. D., Emmett, E., Roth, G. A., Johnson, C. O., & Wang, Y. (2020). Burden of Stroke in Europe. 

Stroke, 51(8), 2418–2427. 

Ward, N.S., F. Brander, and K. Kelly, Intensive upper limb neurorehabilitation in chronic stroke: outcomes from 

the Queen Square programme. Journal of Neurology, Neurosurgery & Psychiatry, 2019. 90(5): p. 498-506. 

XFT Medical. (2000). SaeboStim Pro XFT-2000. Geraadpleegd op 9 december 2021, van http://www.xft-

china.com/ 

Yozbatiran N, Der-Yeghiaian L, Cramer SC. A standardized approach to performing the action research arm test. 

Neurorehabilitation and Neural Repair. 2008;22:78-90. 

Zheng, Y., Mao, M., Cao, Y., & Lu, X. (2019). Contralaterally controlled functional electrical stimulation improves 

wrist dorsiflexion and upper limb function in patients with early-phase stroke: A randomized controlled 

trial. Journal of Rehabilitation Medicine, 51(2), 103–108. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.xft-china.com/
http://www.xft-china.com/


42 
 

 

 



43 
 

Appendix 

Fatigue measurements 

 Participant Day 
Before session 

fatigue 

After session 

fatigue 

Average after 

session fatigue 

Fatigue 

difference 

Average fatigue 

difference 

Dose level 1 

1 

Preparation 6 8.5 

5.17 ± 2.10 

2.5 

-0.35 ± 1.61 

1 6 6 0 

2 9 7 -2 

3 9 7.5 -1.5 

2 

Preparation 5 5.5 0.5 

1 5 7 2 

2 5 5.5 0.5 

3 4.5 1 -3.5 

3 

Preparation 2.5 3.5 1 

1 4 3 -1 

2 4 4 0 

3 3 3.5 0.5 

Dose level 2 
4 

Preparation 2 3.5 

4.75 ± 1.44 

1.5 

1.44 ± 2.43 

1 2.5 6 3.5 

2 3.5 3.5 0 

3 3.5 3.5 0 

5 Preparation 6 3 -3 
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1 0 5.5 5.5 

2 3 6 3 

3 6 7 1 

p-value  p= 0.648 p= 0.128 

± Standard Deviation 
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Rating of Perceived Exertion (RPE) measurements 

 Participant Day RPE after session Average RPE after session 

Dose level 1 

1 

Preparation 15 

12.75 ± 2.59 

1 15 

2 13 

3 15 

2 

Preparation 13 

1 15 

2 17 

3 10 

3 

Preparation 9 

1 9 

2 11 

3 11 

Dose level 2 

4 

Preparation 11 

11.75 ± 1.39 

1 13 

2 11 

3 11 

5 

Preparation 9 

1 13 

2 13 
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3 13 

p-value  p= 0.383 

± Standard Deviation 
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Fugl-Meyer Upper Extremity measurements by participant 

 Participant Baseline 
Post-

intervention 
Difference 

Average 

difference 

Dose level 1 

1 11 13 2 

0.33 ± 1.25 2 32 32 0 

3 29 28 -1 

Dose level 2 
4 48 54 6 

13 ± 7 
5 25 45 20 

p- value    p= 0.25  

± Standard Deviation 

 

 

 

 

 

 

 

 



48 
 

Motricity Index measurements by participant 

 Participant Baseline 
Post-

intervention 
Difference 

Average 

difference 

Dose level 1 

1 11 11 0 

0 2 55 55 0 

3 39 39 0 

Dose level 2 
4 47 83 36 

30.5 ± 5.5 
5 39 64 25 

p- value    p= 0.50  

± Standard Deviation 
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Action Research Arm Test measurements by participant 

 Participant Baseline 
Post-

intervention 
Difference 

Average 

difference 

Dose level 1 

1 0 0 0 

-2.33 ± 2.05 2 16 11 -5 

3 5 3 -2 

Dose level 2 
4 32 42 10 

21 ± 11 
5 17 49 32 

p- value    p= 0.625  
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Multimodal intervention program 

Dose level. 
Day 

Preparation dose 1.1 1.2 1.3 2.1 2.2 2.3 

Time of 
session/ 
FMA-UE 
score 

20 mins 40 mins 40 mins 40 mins 67 mins 67 mins 67 mins 

0-22 10 mins: 
Single Joint 
Movement Practice 
in synergy: Scapula-
hand (wrist fingers 
and thumb) 
10 mins: 
Distal or proximal 
FES stimulation  

20 mins: 
Single Joint 
Movement Practice 
in synergy: Scapula-
hand (wrist fingers 
and thumb) 
20 mins: 
Distal or proximal 
FES stimulation  

20 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist 
fingers and thumb) 
20 mins: 
Distal or proximal FES 
stimulation  

20 mins: 
Single Joint 
Movement Practice 
in synergy: Scapula-
hand (wrist fingers 
and thumb) 
20 mins: 
Distal or proximal 
FES stimulation  

33 mins: 
Single Joint 
Movement Practice 
in synergy: Scapula-
hand (wrist fingers 
and thumb) 
34 mins: 
Distal or proximal 
FES stimulation  

33 mins: 
Single Joint 
Movement Practice 
in synergy: Scapula-
hand (wrist fingers 
and thumb) 
34 mins: 
Distal or proximal 
FES stimulation 

33 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist 
fingers and thumb) 
34 mins: 
Distal or proximal FES 
stimulation 

23-31 10 mins:  
Single 
Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
10 mins: 
Distal or proximal 
FES stimulation  

20 mins:  
Single 
Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
20 mins: 
Distal or proximal 
FES stimulation  

20 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
20 mins: 
Distal or proximal FES 
stimulation  

20 mins:  
Single 
Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
20 mins: 
Distal or proximal 
FES stimulation  

33 mins:  
Single 
Joint/Alternating out 
of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 
Distal or proximal 
FES stimulation  

33 mins:  
Single 
Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 
Distal or proximal 
FES stimulation  

33 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 
Distal or proximal FES 
stimulation  

32-47 10 mins:  
Single 
Joint/Alternating 
out of synergy/Task 
component 
practice: 
Scapula-hand  
(wrist fingers and 
thumb) 

20 mins:  
Single 
Joint/Alternating 
out of synergy/Task 
component 
practice: 
Scapula-hand  
(wrist fingers and 
thumb) 

20 mins:  
Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and 
thumb) 
20 mins: 

20 mins:  
Single 
Joint/Alternating 
out of synergy/Task 
component 
practice: 
Scapula-hand  
(wrist fingers and 
thumb) 

33 mins:  
Single 
Joint/Alternating out 
of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 

33 mins:  
Single 
Joint/Alternating 
out of synergy/Task 
component 
practice: 
Scapula-hand  
(wrist fingers and 
thumb) 

33 mins:  
Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 
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10 mins: 
Distal or proximal 
FES stimulation 

20 mins: 
Distal or proximal 
FES stimulation 

Distal or proximal FES 
stimulation 

20 mins: 
Distal or proximal 
FES stimulation 

Distal or proximal 
FES stimulation 

34 mins: 
Distal or proximal 
FES stimulation 

Distal or proximal FES 
stimulation 

 

Dose level. 
Day 

3.1 3.2 3.3 4.1 4.2 4.3 

Time of 
session/ 
FMA-UE 
score 

100 mins 100 mins 100 mins 133 mins 133 mins 133 mins 

0-22 40 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist 
fingers and thumb) 
40 mins: 
Distal or proximal FES 
stimulation  
20 mins: 
Motor Imagery/Mirror 
Therapy 

40 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist 
fingers and thumb) 
40 mins: 
Distal or proximal FES 
stimulation  
20 mins: 
Motor Imagery/Mirror 
Therapy 

40 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist fingers 
and thumb) 
40 mins: 
Distal or proximal FES 
stimulation  
20 mins: 
Motor Imagery/Mirror 
Therapy 

45 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist 
fingers and thumb) 
45 mins: 
Distal or proximal FES 
stimulation  
43 mins: 
Motor imagery/mirror 
therapy 

45 mins: 
Single Joint Movement 
Practice in synergy: Scapula-
hand (wrist fingers and 
thumb) 
45 mins: 
Distal or proximal FES 
stimulation  
43 mins: 
Motor imagery/mirror 
therapy 

45 mins: 
Single Joint Movement 
Practice in synergy: 
Scapula-hand (wrist 
fingers and thumb) 
45 mins: 
Distal or proximal FES 
stimulation  
43 mins: 
Motor imagery/mirror 
therapy 

23-31 40 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
40 mins: 
Distal or proximal FES 
stimulation  
20 mins: 
Motor Imagery/Mirror 
Therapy 

40 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
40 mins: 
Distal or proximal FES 
stimulation  
20 mins: 
Motor Imagery/Mirror 
Therapy 

40 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and thumb) 
40 mins: 
Distal or proximal FES 
stimulation  
20 mins: 
Motor Imagery/Mirror 
Therapy 

45 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and thumb) 
45 mins: 
Distal or proximal FES 
stimulation  
43 mins: 
Motor imagery/mirror 
therapy 

45 mins:  
Single Joint/Alternating out of 
synergy: 
Scapula-hand  
(wrist fingers and thumb) 
45 mins: 
Distal or proximal FES 
stimulation  
43 mins: 
Motor imagery/mirror 
therapy 

45 mins:  
Single Joint/Alternating 
out of synergy: 
Scapula-hand  
(wrist fingers and 
thumb) 
45 mins: 
Distal or proximal FES 
stimulation  
43 mins: 
Motor imagery/mirror 
therapy 

32-47 35 mins:  35 mins:  35 mins:  45 mins:  45 mins:  45 mins:  



52 
 

Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 
Distal or proximal FES 
stimulation 
20 mins: 
Motor Imagery/Mirror 
Therapy 

Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and 
thumb) 
34 mins: 
Distal or proximal FES 
stimulation 
20 mins: 
Motor Imagery/Mirror 
Therapy 

Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and thumb) 
34 mins: 
Distal or proximal FES 
stimulation 
20 mins: 
Motor Imagery/Mirror 
Therapy 

Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and thumb) 
45 mins: 
Distal or proximal FES 
stimulation 
43 mins: 
Motor imagery/mirror 
therapy  

Single Joint/Alternating out of 
synergy/Task component 
practice: 
Scapula-hand  
(wrist fingers and thumb) 
45 mins: 
Distal or proximal FES 
stimulation 
43 mins: 
Motor imagery/mirror 
therapy  

Single Joint/Alternating 
out of synergy/Task 
component practice: 
Scapula-hand  
(wrist fingers and 
thumb) 
45 mins: 
Distal or proximal FES 
stimulation 
43 mins: 
Motor imagery/mirror 
therapy  

 

Upper limb training protocol 
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Scapula program 
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Shoulder and elbow program 
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Wrist, hand and finger program 

 

Task component practice, full functional practice; examples 

• Stir food in a bowl 

• Place objects in kitchen cupboard 

• Carry objects (unilateral and bilateral) 

• Write with pen or pencil 

• Throw ball 

• Swing a golf club 
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Functional Electrical Stimulation 
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Statistical decision tree 

 

Yellow represents the one-group statistical analyses, Blue represents the two-group statistical analyses 
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Outcome measures 

Visual Analog Scale for Fatigue (VAS-F) 
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Rating of Perceived Exertion (RPE) Borg scale 
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Numeric Rating Scale for Pain 
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Fugl-Meyer Upper Extremity Assessment (FMA-UE) 
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Motricity Index (MI) 
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Action Research Arm Test (ARAT) 

 

 



66 
 

 

 

 

 



67 
 

 

 

 



68 
 

 

ARAT standardization following Yozbatiran et al. (2008) 
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Declarations of honour 
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Timeline meetings 
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