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1  Introduction

Stroke is the leading cause of long-term disability among adults. Even with appro-
priate acute care and neurorehabilitation, recovery of motor function after stroke is 
usually incomplete (Ward and Cohen 2004). More than 60% of stroke survivors 
suffer from persistent neurological deficits with impaired motor function compro-
mising their independence with activities of daily living (Feigin et al. 2003; Levin 
et al. 2009). Motor function of the affected arm can explain up to 50% of the vari-
ance in functional autonomy in stroke patients (Mercier et al. 2001). Further, both 
arm impairment (i.e. the ability to move the arm and its segments selectively) and 
arm activities (i.e. the ability to handle objects successfully) as assessed at discharge 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58505-1_7&domain=pdf
https://doi.org/10.1007/978-3-030-58505-1_7#DOI
mailto:T.Platz@bdh-klinik-greifswald.de
mailto:linda.schmuck@med.uni-greifswald.de
mailto:J.H.Burridge@soton.ac.uk


98

from rehabilitation are associated with the level of activity and participation 
6 months later, that is, the degree of difficulty and help needed in daily life and 
instrumental activities, and in social roles (Desrosiers et al. 2003).

Thus, arm paresis after stroke and its therapeutic management is a key element of 
stroke rehabilitation. Treatment of arm paresis has been ranked among the top ten 
research priorities relating to life after stroke by stroke survivors, caregivers, and 
health professionals (Pollock et al. 2014a). A wide variety of therapeutic interven-
tions exist that aim to improve arm impairment, activity limitations, and the amount 
of actual use of the affected arm in daily life (Pollock et al. 2014b). Therapeutic deci-
sions need to be individualized based on factors such as individual therapeutic goals, 
time post-stroke, and severity of paresis. Indeed, arm paresis after stroke shows a 
bimodal distribution: there are many people with either mild or severe arm activity 
limitations, but fewer with moderate activity limitations (Nakayama et al. 1994). And 
the course and expected level of recovery are different for patients with more or less 
profound arm paresis initially after stroke (Kwah and Herbert 2016). Therefore, sub-
groups with different severity of arm paresis do have different therapeutic needs.

Based on a systematic search of the best evidence available, i.e. randomized 
controlled trials (RCTs) and systematic reviews (SRs), with or without meta- 
analysis, and their critical appraisal, a best evidence synthesis was performed for 
treatment of arm paresis post-stroke, and clinical practice recommendations are 
given based on this synthesis.

2  Methods for the Best Evidence Synthesis

 Within the framework of stroke rehabilitation guideline development of the German 
neurorehabilitation society (DGNR) (Platz 2017), systematic PubMed searches for 
RCTs and SRs addressing rehabilitative therapy for arm paresis after stroke had 
been performed in 2006, 2013, 2016, and on 23.07.2017 (PubMed and Cochrane 
Library). Search terms had been (((Cerebrovascular Accident OR Stroke OR cere-
brovascular disorders)) AND (Upper Extremity OR arm)) AND (Rehabilitation 
OR Physical Therapy Modalities OR Biofeedback OR Durable Medical Equipment 
OR Occupational therapy OR exercise therapy OR physiotherapy OR therapy); 
few additional reports (3 SRs, 1 RCT) were included based on hand search. 
Retrieved abstracts and, if necessary, full-text references were checked for defined 
eligibility criteria by two independent raters and any disagreement was resolved by 
a third author. Overall, a total of 411 RCT and 114 SR reports were eligible and 
selected for the best evidence synthesis provided below. The following steps were 
taken from critical appraisal of evidence to the provision of recommendations 
(Chap. 2):

 I. For each included source (original paper, systematic review), the following was 
performed:

 1. Standardized evaluation of the methodology (internal validity with regard to 
study design issues and risk of bias).

 2. Classification of evidence level (1a to 5 according to the “Oxford Center for 
Evidence-Based Medicine—Levels of Evidence”, last version from March 
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2009, http://www.cebm.net/Oxford-centre-evidence-based-medicine):levels- 
evidence, March-2009 /).

 3. summarizing the results, conclusions, and deriving recommendations as 
applicable to the individual source,

 II. Based on data from all sources on a specific therapy method (across original 
papers, systematic reviews, and meta-analyses), the following steps were taken:

 4. rating the overall quality of evidence of the sources included and thereby the 
confidence in the estimation of the effect strength (of a therapy) and,

 5. provision of graded recommendations.

The quality of evidence is grouped into four categories according to the 
“GRADE” system (“Grades of Recommendation, Assessment, Development and 
Evaluation, GRADE”, www.gradeworkinggroup.org) (Schünemann et al. 2013):

• High quality: further research is unlikely to affect our confidence in the estima-
tion of the (therapeutic) effect or prognosis.

• Medium quality: further research is likely to affect our confidence in the estima-
tion of the (therapeutic) effect or prognosis and may alter the estimate.

• Low quality: further research will most likely influence our confidence in the esti-
mation of the (therapeutic) effect or prognosis and will probably change the estimate.

• Very low quality: any estimation of the (therapy) effect or prognosis is very 
uncertain.

The grading of the recommendations according to GRADE (Schünemann et al. 
2013) corresponds to the categories “ought to” (A) (strong recommendation) and 
“should” (B) (weak recommendation); for the purpose of this practice recommendation 
project, we added the category “can” (0) (option) (Platz 2017; Chap. 2). Recommendation 
category A is granted for clinically effective interventions with high-quality evidence 
support; with medium-quality evidence category B; and with low- or very low- quality 
evidence category 0 can be appropriate. Grading of recommendations is based on both 
quality of evidence including risk of bias, imprecision or heterogeneity of results, publi-
cation bias and other relevant factors for clinical decision- making such as clinical rele-
vance of the approach, effect sizes reported, the benefit-risk ratio, scientific plausibility, 
and ease to transfer an approach to routine clinical practice.

3  Assessment

A systematic Cochrane overview performed a data synthesis across all Cochrane 
reviews for interventions targeting upper limb function after stroke. It describes a 
large variety of assessment tools for arm/hand impairment and function (activity 
limitations) (Pollock et al. 2014b). Some of the more frequently used measures that 
can be considered as valid, reliable, and with a clinically important focus are pre-
sented below. An indication is given whether the tests can be used for patients with 
mild, moderate, or severe arm paresis. These measures can be recommended for 
clinical use when the construct measured is of importance for clinical assessment, 
monitoring, or decision-making. It should be noted that no single measure is right 
or wrong, but has its role depending on the specific intention for assessment.
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3.1  Measures of Impairment

3.1.1  Active Motor Control
• Fugl-Meyer Assessment of Sensorimotor Recovery after Stroke (upper limb sec-

tion) (FM Arm) (Fugl-Meyer et al. 1975) (mild-to-severe paresis).
• Wolf Motor Function Test (WMFT) (Wolf et al. 2001) (mild-to-moderate paresis).
• Rivermead Motor Assessment, arm section (RMA arm) (Lincoln and Leadbetter 

1979) (mild-to-severe paresis).
• Motricity Index (MI) (Demeurisse et al. 1980) (mild-to-severe paresis).
• Dynamometer scores (including Jamar) (Bohannon 1997) (mild-to-moderate paresis).

The arm section of the Fugl-Meyer test is among the most widely used assess-
ments in post-stroke rehabilitation research; it measures selective motion capacity 
with its motor subscale (range 0–66), somatosensory function (range 0–24), and 
passive joint motion/pain (range 0–44). Individual items are ordinally scaled (0–2). 
The Wolf Motor function test includes selective movement tasks and handling 
object tasks, each item ordinally scaled (0–5). In addition, time to complete tasks is 
measured. The Rivermead Motor Assessment arm section has 15 movement tasks 
with dichotomous evaluation. It is a hierarchical test (range 0–38). The Motricity 
Index is a simple three-item measure of degree of arm paresis (range 1–100); it is 
based on a weighted grading of MRC strength grades (Medical Research Council 
1975). Dynamometer measure strength for a given movement, e.g. grip, numerically.

3.1.2  Spasticity/Resistance to Passive Movement
Ashworth Scale (AS) (Ashworth 1964), or Modified Ashworth Scale (MAS) 
(Bohannon and Smith 1987) or Resistance to Passive movement Scale (REPAS) 
(Platz et al. 2008).

Spasticity as clinically assessed with resistance to passive joint movements has 
most frequently been measured with the ordinally scaled Ashworth or Modified 
Ashworth Scale (range 0–4). The REPAS is a summary rating scale across joints 
based on the Ashworth scale and provides detailed instructions for performance and 
scoring to support reliability.

3.2  Measures of Arm, Hand, and/or Finger Function

• Action Research Arm Test (ARAT) (Lyle 1981) (mild-to-moderate paresis).
• Box and Block Test (BBT) (Desrosiers et al. 1994) (mild-to-moderate paresis).
• Nine-Hole Peg Test (NHPT) (Kellor et al. 1971) (mild paresis).
• Wolf Motor Function Test (WMFT) (Wolf et al. 2001) (mild-to-moderate paresis).

The ARAT is a hierarchical assessment of the ability to grasp, handle, and trans-
port larger and smaller objects with different grips, which consists of four subtests 
and a total of 19 tasks (score ranges from 0 to 57). It has widely been used in stroke 
rehabilitation research. The BBT is a measure of manual dexterity. The number of 
one-inch cubes grasped and transported from one compartment of a box to the 
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adjacent compartment within 1 min is measured. The NHPT measures finger dex-
terity by the time needed to grasp and place nine pegs in their holes.

3.3  Measure of Self-Perceived Usefulness of the Affected Arm 
in Daily Life

• Motor Activity Log, MAL (Taub et al. 1993) (mild-to-moderate paresis).

The MAL is a structured interview intended to examine how much and how well 
people use their more-affected arm outside of the laboratory setting. Participants are 
asked standardized questions about the amount of use of their more-affected arm 
(amount of use, AOU) and the quality of their movement (QOM) during the 30 dif-
ferent functional activities indicated. Each item and subscale are rated between 0 
(not used) and 5 (as before stroke) with half scores when indicated, i.e. 0.5, 4.5.

4  Therapy

The best evidence synthesis was grouped in the following sections: training, 
technology- supported training, and medication. Only a selection of relevant refer-
ences has been cited. The complete list of references is presented online (www.
clinical-pathways.org) for further information.

4.1  Training

A large variety of training strategies without the need for specific technical support 
is available for stroke survivors with arm paresis.

4.1.1  Dosage of the Therapeutic Time Prescribed 
and Organizational Forms of Therapy

A simple dose–response relationship does not exist for arm rehabilitation. In addi-
tion, it seems that a dedicated active arm motor training is a prerequisite to achieve 
further improvements when dosages are increased. Such a training provided for 2.5 h 
(Kwakkel et al. 1999) to 4–5 h (Winstein et al. 2004) per week over 4–20 weeks can 
accelerate arm motor recovery in the acute and subacute phase post-stroke. Two 
hours of training per week (Sehatzadeh 2015) or a total of more than 15 h of training 
seem to be necessary to achieve measurable effects on arm motor recovery (Pollock 
et al. 2014). Increasing therapy time up to 2 or 3 h per day has been shown to gener-
ate an additional benefit in the subacute phase post- stroke (Han et  al. 2013). 
Improvement in the chronic phase was demonstrated after prolonged specific active 
motor training of ≥3 h per week (Cauraugh et al. 2011; Corti et al. 2012), while that 
was not the case for more passive “mobilization and tactile stimulation” therapy 
(Hunter et al. 2011). Of note, there was no significant effect for additional time spent 
in exercise therapy for very high intensity (6 h per day) vs. moderately high intensity 
(up to 3 h per day) constraint-induced movement therapy (Kwakkel et al. 2015).
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Aside from one-to-one therapy, treatment can be organized as arm rehabilitation 
circuit training (Blennerhassett and Dite 2004; Pang et al. 2006) or as supervised 
home training (e.g. Harris et al. 2009; Almhdawi et al. 2016). For the latter, dedi-
cated manuals for patients with mild, moderate, or severe paresis with repetitive 
impairment- and activity-oriented training seem to support therapeutic success in 
the subacute phase and client-centred individualized functional goal-oriented prac-
tice in the chronic phase.

An alternative form of organizing rehabilitation service is telerehabilitation that 
with limited evidence has been shown to be feasible (Wolf et al. 2015) and equally 
effective as institution-based arm therapy (Laver et al. 2013). Caregiver-mediated 
exercises have not been shown to be beneficial for arm rehabilitation post-stroke 
(Vloothuis et al. 2016).

In case an individual has very poor predicted recovery (complete arm paralysis 
with diagnosed severe corticospinal tract damage; i.e. loss of motor evoked poten-
tials (MEP) with transcranial magnetic stimulation (TMS), posterior limb of inter-
nal capsule damage on MRI diffusion tensor imaging (DTI)), a therapeutic focus on 
prevention of secondary complications (only) for the plegic arm and teaching com-
pensatory strategies already early after stroke can be effective and show little risk to 
miss out a recovery potential (Stinear et al. 2017).

4.1.2  “Schools” of Therapy
Bobath therapy (neurodevelopmental therapy, NDT) and other “schools” of therapy 
have not been shown to specifically support arm motor recovery post-stroke 
(Langhorne et al. 2009).

4.1.3  Type of Feedback Given
Extrinsic feedback has its role in clinical practice. Proof of clinical effectiveness is, 
however, rather limited (e.g. Israely and Carmeli 2016).

4.1.4  Bilateral Training
Quite a few RCTs compared bilateral to unilateral training approaches. Overall, 
equivocal or inferior benefits after bilateral training were reported. Among mildly 
affected chronic stroke survivors, activities and actual amount of use were better 
promoted with unilateral training: a Cochrane review (Pollock et al. 2014) indicated 
better arm function (6 trials, 375 participants; standardized mean difference, SMD 
0.20, 95% confidence interval, 95% CI 0.00 to 0.41) and ADL improvement (3 tri-
als, n = 146) after unilateral compared to bilateral training. Effects at impairment 
level had been comparable (4 trials, n = 228).

When repetitive bilateral symmetrical active–passive movements were, however, 
used as priming before active rehabilitation of the affected limb, recovery could be 
accelerated in subacute stroke patients (Stinear et al. 2014).

4.1.5  Impairment-Oriented Training
One single-centre (n = 60) and two multicentre RCTs (n = 60 and n = 148, resp.) 
demonstrated a superior effect of the impairment-oriented arm training, i.e. the arm 
basis training for severe arm paresis and the arm ability training for mild arm 
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paresis. The arm basis training had a bigger effect on selective motion capacity (FM 
Arm) with incomplete severe arm paresis compared to therapeutic time equivalent 
control therapies, i.e. Bobath therapy or “best conventional” therapy (Platz et al. 
2005; Platz et al. 2009). The graded training enhances selective motion capacities 
by a systematic repetitive training of individual joint motions without gravity influ-
ence to start with, with gravity influence next, and finally multi-joint movements in 
a progressive training scheme. The arm ability training improved sensorimotor effi-
ciency with arm activities (TEMPA; Desrosiers et al. 1993) with a long-term effect 
(Platz et al. 2001) and superiority compared to therapeutic time-equivalent “best 
conventional” therapy (Platz et al. 2009). It specifically trains speed and accuracy of 
abilities such as fast finger movements, aiming, visuomotor tracking, steadiness, 
and dexterity as well as endurance. Taken together, the training techniques provide 
a comprehensive modular approach for arm paresis after stroke with a moderate 
differential beneficial effect compared to an active control arm therapy of the same 
therapeutic time (SMD 0.47, 95% CI 0.12 to 0.81; two studies, number of partici-
pants analyzed by individual patient data meta-analysis = 135) (Platz et al. 2015/in 
preparation).

4.1.6  Task-Specific Training
Task-specific training where training tasks resemble an activity received substantial 
attention in RCTs with variable results, mostly indicating no or a comparable effect to 
control therapies both for subacute and chronic patients and a lack of dose–response 
relationship. A Cochrane review summarized that there is low-quality evidence that 
repetitive task training (RTT) improves arm function (SMD 0.25, 95% CI 0.01 to 
0.49; 11 studies, number of participants analyzed = 749), hand function (SMD 0.25, 
95% CI 0.00 to 0.51; eight studies, number of participants analyzed = 619) with sig-
nificant differences between groups up to 6 months post- treatment (SMD 0.92, 95% 
CI 0.58 to 1.26; three studies, number of participants analyzed = 153), but not after 
6 months; effects were not modified by intervention type, dosage of task practice, or 
time post-stroke and were no longer significant when studies with high or unclear risk 
of bias were removed from the meta-analysis (French et al. 2016).

A stronger benefit had been substantiated in one RCT included in the meta- 
analysis where patients received training tasks that resemble a meaningful activity 
while the therapist nevertheless focused on motor control issues (impairment level) 
as therapeutic target (Arya et al. 2012). This was similarly demonstrated for task- 
oriented mirror therapy (Arya et al. 2015).

4.1.7  Constraint-Induced Movement Therapy (CIMT)
The constraint-induced movement therapy (CIMT) is a response to the observed 
behaviour that some stroke survivors who suffer from arm paresis learn to cope with 
their non-affected arm. Even when their affected arm recovers, the learnt non-use 
behaviour persists. The psychologist Edward Taub, Ph.D. provided a therapeutic 
approach that reverses the learnt non-use behaviour by restraint of the non-affected 
arm and massed practice of the affected arm with gradual increase of motor chal-
lenges, i.e. “shaping” (Taub et al. 1993). The original CIMT includes 6 h of “shap-
ing” as one-to-one therapy and 90% of waking hours restraint of the non-affected 
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arm. Modified versions, i.e. mCIMT, use up to 3 h therapy sessions with massed 
practice and less than 90% of waking hours restraint (if any), e.g. a couple of hours 
per day. The approach (CIMT and mCIMT) is suitable for individuals with learnt 
non-use and only moderate arm paresis with some preserved hand function and no 
severe pain or spasticity problem in their affected arm.

CIMT is the arm rehabilitation technique with the broadest evidence base includ-
ing >50 RCTs and many systematic reviews.

A Cochrane review (Corbetta et al. 2015) (systematic search up to January 2015) 
with 42 RCTs (1453 participants) and 40 RCTs being used for meta-analysis 
assessed effects of CIMT and mCIMT or “Forced Use, FU” (restraint only) com-
pared to different control interventions. A high risk for bias by small trials was noted.

Immediate post-training effects were non-significant for ADL activities 
(Functional Independence Measure, FIM or Barthel Index, BI; 11 studies, 344 par-
ticipants; SMD 0.24, 95% CI −0.05 to 0.52). A small significant effect on arm 
motor function (ARAT, WMFT, Emory Motor Function Test, Manual Function 
Test, RMA; 28 studies, 858 participants; SMD 0.34, 95% CI 0.12 to 0.55) was 
documented. A moderate significant effect was found for dexterity (Peg Tests, 
BBT; 4 studies, 113 participants; SMD 0.42, 95% CI 0.04 to 0.79), a significant 
effect on perceived arm motor function (MAL quality of movement, 24 studies, 
891 participants; +0.68 points, 95% CI 0.47 to 0.88; MAL amount of use, 23 stud-
ies, 851 participants; +0.79 points, 95% CI 0.50 to 1.08), a moderate to large sta-
tistically significant effect on arm motor impairment (FM arm, Chedoke McMaster 
Impairment Inventory, grip strength, isometric strength; 16 studies, 372 partici-
pants; SMD 0.82, 95% CI 0.31 to 1.34), and a non-significant effect on quality of 
life, QoL (SIS, 3 studies, 96 participants; mean difference, MD +6,54 points, 95% 
CI −1.2 to 14.28). Three studies involving 125 participants explored disability 
after a few months of follow-up and found no significant difference (FIM or BI; 
SMD −0.20, 95% CI −0.57 to 0.16), yet numerically in favour of conventional 
treatment.

Overall, small effects on arm motor function and perceived arm motor function, 
moderate effects on dexterity, and larger effects on arm motor impairment could be 
substantiated after training, while effects on disability and QoL remained non- 
significant; evidence for long-term effects is rather limited.

Time post-stroke and type of CIMT (mCIMT vs. CIMT) seem not to be critical 
factors for its effectiveness (Kwakkel et al. 2015) with the exception that early after 
stroke mCIMT seems preferable over CIMT (Nijland et al. 2011).

A restraint outside therapeutic sessions promotes actual amount of use (only) 
when combined with a “transfer package”, i.e. an individualized critical reflection 
of “obstacles” to use the affected arm in daily life and how to overcome them indi-
vidually (Taub et al. 2013).

4.1.8  Strength Training
Strengthening exercises, at least when offered as one component of training, were 
shown to have a positive effect on grip strength (SMD 0.97, 95% CI 0.05 to 1.85; 6 
studies, 306 participants) and arm function (SMD 0.21, 95% CI 0.03 to 0.39; 11 
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studies, 465 participants), but not on disability (ADL) for patients with (mild to) 
moderate arm paresis (subacute and chronic phase) as indicated by a systematic 
review (Harris and Eng 2010).

In a large multicentre RCT recruiting acute/subacute stroke patients with signifi-
cant, yet incomplete arm paresis (288 participants, 2 to 60 days post-stroke) received 
up to 1.5 h daily training for 6 weeks either as functional strength training (FST) or 
movement performance therapy (MPT), each combined with conventional therapy. 
FST consisted of progressive resistive exercise during functional tasks and MPT of 
“hands on” guidance for smooth and accurate movements. No significant intergroup 
differences were observed at the end of intervention (ARAT, WMFT, hand and 
pinch grip force) (Pomeroy et al. 2018).

4.1.9  Mirror Therapy
During mirror therapy a patient performs certain movements with their non-affected 
arm while looking into a mirror. The mirror is placed in the patient’s midsagittal 
plane and therefore reflects the non-paretic side as if it were the affected side that 
moves. It is assumed that by the virtual visual image of the normally moving affected 
arm, the brain network subserving its control is activated. If this therapy is per-
formed for about 30 min every day for several weeks, motor function has improved 
and disability reduced in both subacute and chronic phases.

A Cochrane review (Thieme et al. 2018) included 62 studies (ten studies address-
ing the lower limb) with a total of 1982 participants that compared mirror therapy 
with other interventions. When compared with all other interventions, mirror ther-
apy for the arm had a significant effect on motor function (activity level) (post- 
intervention data: SMD 0.46, 95% CI 0.23 to 0.69; 31 studies, 1048 participants). In 
addition, mirror therapy improved the capability for selective movements (post- 
intervention data: FM, arm motor score MD 4.32, 95% CI 2.46 to 6.19; 28 studies, 
898 participants). The authors found a significant positive effect on pain (SMD 
−1.10; 95% CI −2.10 to −0.09) which is influenced by patient population and a 
non-significant positive effect on visuospatial neglect (SMD 1.06; 95% CI −0.10 to 
2.23). The effects on motor function could not be substantiated at follow-up assess-
ment after 6 months. The therapeutic effects on motor function were statistically 
significant when mirror therapy was compared with a sham intervention where the 
affected arm was invisible, but not when it could be seen.

Therefore, mirror therapy could be applied as an additional intervention in the 
rehabilitation of patients after stroke. This includes supervised training, including 
home training for selected patients with a high degree of compliance (Tyson et al. 
2015). It is still unclear whether mirror therapy can replace other interventions for 
improving motor function of the arm. It might especially be suitable as additional 
training for patients with more severe arm paresis who could not train their affected 
arm actively by themselves.

4.1.10  Mental Practice
During mental practice (MP) a subject repeatedly mentally rehearses an action or 
task without physically performing it. In rehabilitation trials, MP was typically used 

Arm Rehabilitation



106

after an actual training session with the paretic arm, ranging from twice a week to 
daily sessions, each lasting 10 to 60 min for 3–10 weeks.

According to two Cochrane reviews, MP in combination with other treatment 
appeared more effective in improving upper extremity (impairment and) activity 
than the other treatment alone (5 studies, 105 participants; SMD 1.37, 95% CI 0.60 
to 2.15; Barclay-Goddard et al. 2011; 7 studies, 197 participants; SMD 0.62, 95% 
CI 0.05 to 1.19; Pollock et al. 2014b). Effects on disability (ADL) were not substan-
tiated. Due to small numbers in each group, subgroup analyses based on time since 
stroke and dosage of MP were not feasible.

4.1.11  Action Observation
The evidence reviewed is too weak and inconsistent to serve as a basis for clinical 
practice recommendations.

4.1.12  Music Therapy and Rhythmic Auditory Stimulation
A Cochrane review (Magee et al. 2017) examined the effects of music interventions 
on upper extremity function. The review included nine studies with a total of 308 
participants and found no evidence of effect for music interventions for general 
upper extremity function, range of motion (shoulder flexion), hand function, upper 
limb strength, and manual dexterity; two studies indicated that music therapy 
improved timed performance somewhat.

Further, the addition of rhythmic auditory stimulation or rhythmic auditory cue-
ing with repetitive training of reaching movements might generate some benefit 
(Yoo and Kim 2016).

4.2  Technology-Supported Training

4.2.1  Passive Devices for Repetitive Arm and Hand Training
A variety of passive devices have been developed for repetitive practice in arm and 
hand rehabilitation. They include a “reha-slide” the “Bilateral Arm Training with 
Rhythmic Auditory Cueing, BATRAC”, an “Upper Limbs’ Encircling Motion, 
ULEM” apparatus, an arm ergometer (bidirectional hand cycle commonly used for 
upper body aerobic exercise), and hand orthoses that passively assist finger exten-
sion. The devices have been tested in a few RCTs with subacute and chronic stroke 
patients with moderate-to-severe arm paresis without big effects or superiority; they 
are an option, e.g. when integrated in a circuit class approach.

4.2.2 Trunk Restraint
Trunk restraint has been used when reaching movements are trained and accom-
panied by excess trunk movements as compensation for limited shoulder flexion. 
It has a moderate effect on reduction of upper extremity impairment (improve-
ment of FM Arm score) and increase of active shoulder flexion during reaching 
as shown for chronic stroke patients with (mild to) moderate upper extremity 
impairment (FM Arm: SMD 0.54, 95% CI 0.06 to 1.01; 3 trials with 71 
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participants; active shoulder flexion: SMD 0.45, 95% CI 0.11 to 0.79; 5 trials 
with 138 patients) (Wee et al. 2014).

4.2.3 Splints and Strapping
Using splints and other orthoses to immobilize joints, e.g. the wrist of the severely 
affected arm, or shoulder strapping (glenohumeral, sacapulo-thoracal) does not 
facilitate motor recovery (Veerbeek et al. 2014). It can have a positive therapeutic 
and prophylactic effect on pain of the joint treated (wrist orthosis and shoulder 
strapping) (Appel et al. 2014; Bürge et al. 2008).

4.2.4  Arm Rehabilitation Using Virtual Reality (VR) Applications
Both VR games using a commercially available gaming consoles and purpose-built 
VR-based rehabilitation systems have been used clinically and in clinical trials for 
arm rehabilitation post-stroke.

Laver et al. (2017) presented in an updated Cochrane review a meta-analysis, 
which indicated no differential effect on arm function and activities when compar-
ing virtual reality to conventional therapy (SMD 0.07, 95% CI −0.05 to 0.20; 22 
studies, 1038 participants, low-quality evidence). However, when virtual reality was 
used in addition to usual care (providing a higher dose of therapy for those in the 
intervention group), there was a statistically significant difference between groups 
in favour of VR (SMD 0.49, 95% CI 0.21 to 0.77; 10 studies, 210 participants, low- 
quality evidence). These results were mainly based on FM Arm scores (16 trials 
with 599 participants; MD 2.85, 95% CI 1.06 to 4.65). In subgroup analyses, benefi-
cial effects were corroborated for trials providing more than 15 h of intervention 
(trend) and when using a specialized rehabilitation training system rather than a 
commercially available gaming console; comparisons between subgroups were, 
however, not significant. Time after stroke and severity of arm paresis did not mod-
ify the effects significantly.

In one of these non-robot purpose-built VR intervention systems, the therapist’s 
arm movement with an object as shown in the VR (“end effector”-based training) 
has to be mimicked by a patient. The system provides both “knowledge of perfor-
mance” (quality of the arm movement) and “knowledge of result” (precision of the 
movement) based on movement tracking with an electromagnetic system. It has 
been tested in subacute to chronic stroke patients with mild-to-moderate arm paresis 
with 1 h VR training plus 1 h traditional arm training five times a week for 4 weeks 
compared to 2 h per day traditional training. This consistently showed some differ-
ential beneficial effect on selective motion capacity and disability (e.g. Kiper et al. 
2014). For subjects with more severe arm paresis, a system that integrates arm 
weight support can be used; the therapy is equally effective as time-equivalent con-
ventional therapy (e.g. Prange et al. 2015).

4.2.5  EMG- and Neuro-Biofeedback
Only low-quality evidence comparing EMG biofeedback with physiotherapy is 
available with some suggestion that biofeedback may have some beneficial impact 
(Pollock et al. 2014).
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Neurofeedback therapy activation of cerebral motor areas can either be used for 
direct feedback training, e.g. as target domain during motor imagery or as signal to 
induce electrical stimulation or robot-assisted movements of the paretic limb. Data 
from first clinical trials suggest that neurofeedback can have a therapeutic effect 
(e.g. Mihara et al. 2013; Ramos-Murguialday et al. 2013). Currently, the technology 
is seen as investigational.

4.2.6  Neuromuscular Electrical Stimulation (NMES)
NMES either can stimulate nerves and muscles cyclically independent of a person’s 
volition to move (cNMES) or triggered by an EMG signal induced by voluntary 
muscle activity (EMG-triggered NMES, EMG-NMES), controlled by voluntary 
movements of the non-affected side (“contralaterally controlled FES, CCFES”) or 
can be used within a functional task as functional electrical stimulation, FES, e.g. 
when single- or multi-channel NMES is used for grasp and release activities.

License and restrictions for use need to be considered for each device used as 
provided by its manufacturer.

Veerbeek et  al. 2014 have carried out a series of meta-analyses of RCT data 
related to electrical stimulation (49 RCTs, n  =  1521).

Their meta-analyses indicated that cNMES of wrist and finger flexors and exten-
sors (22 trials, 894 participants) (but not cNMES of wrist and finger extensors) 
improved selective movement capacity (modified FM Arm: SMD 0.91, 95% CI 0.29 
to 1.53; 41 participants) and hand function (Jebsen-Taylor hand function test, 
JTHFT: SMD 0.88, 95% CI 0.05 to 1.71; 23 participants), but not arm-hand activi-
ties. EMG-NMES of wrist and finger extensors (25 trials, 492 participants) improved 
active range of motion (SMD 1.16, 95% CI 0.28 to 2.03; 61 participants), selective 
movements (FM Arm, Chedoke-McMaster stroke assessment, CMMSA: SMD 
0.58, 95% CI 0.04 to 1.12; 49 participants), arm-hand activities (ARAT, BBT, 
JTHFT, 10CMT (10-cup moving test), and FTHUE (Functional test for the hemiple-
gic upper extremity: SMD 0.72, 95% CI 0.41 to 1.03; 162 participants), but had no 
significant effect on muscle strength and muscle tone. Subgroup analyses revealed 
no significant differences between post-stroke phases. No evidence revealed a ben-
eficial effect of transcutaneous electrical nerve stimulation (TENS) (four trials, 484 
participants).

cNMES of shoulder muscles decreased shoulder subluxation (x-ray: SMD 0.58, 
95% CI 0.15 to 1.01; 190 participants) while it did not significantly affect motor 
function, ROM, or pain; the effect might be restricted to the subacute phase (Vafadar 
et al. 2015).

For a selection of patients, FES can be used to facilitate high-intensity self- 
training, e.g. when hand opening is induced by EMG-NMES integrated in an 
FES orthosis for patients with severe finger extension paresis, and thereby 
motor function improved (effect size for intergroup differences of change 
scores: FM Arm- distal d = 1.16, 95% CI 0.21 to 2.10; 24 participants) (Shindo 
et al. 2011).
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4.2.7  Arm Robot Therapy
Arm robots have been developed to repetitively train shoulder and elbow move-
ments (e.g. MIT-manus, MIME, NeReBot, InMotion Linear Robot, UL-EX07, 
ReoGo), forearm and wrist movements (e.g. NeReBot, Bi-Manu-Track, Hand 
Mentor, UL-EX07), or finger movements (e.g. Reha-Digit, Amadeo, Hand Mentor, 
Gloreha). They have the advantage that with assistance by the robot (as needed) 
stroke survivors can repetitively train active movements even when they have severe 
arm paresis. High repetition rates for selective movements can thus be achieved dur-
ing training sessions.

Mehrholz et al. (2018) included 45 trials (involving 1615 participants) in their 
updated Cochrane review. In these trials, therapy has usually been applied five times 
a week for 20–105 min, mostly for 2–6 weeks.

Electromechanical and robot-assisted arm training improved activities of daily 
living scores (SMD 0.31, 95% CI 0.09 to 0.52; 24 studies, 957 participants, high 
quality of evidence), arm function (SMD 0.32, 95% CI 0.18 to 0.46; 41 studies, 
1452 participants, high quality of evidence), and arm muscle strength (SMD 0.46, 
95% CI 0.16 to 0.77; 23 studies, 826 participants, high quality of evidence). 
Electromechanical and robot-assisted arm training did not increase the risk of par-
ticipant drop-out (RD 0.00, 95% CI −0.02 to 0.02; 45 studies, 1615 participants, 
high quality of evidence), and adverse events were rare. The test for subgroup dif-
ferences between a subgroup of participants who received mainly training for the 
distal arm and the hand (finger, hand, and radioulnar joints) and a subgroup of par-
ticipants who received training mainly of the proximal arm (shoulder and elbow 
joints) revealed no significant difference for either arm function or activities of daily 
living scores at the end of intervention. Effects on ADL could be substantiated for 
the subgroup treated during the acute and subacute phase, but not for the subgroup 
with participants in the chronic phase (i.e. more than 3 months after stroke).

Taken together, people who receive electromechanical and robot-assisted arm 
and/or hand training during the acute/subacute phase after stroke improve their 
activities of daily living, arm and hand function, and muscle strength while effects 
in the chronic phase are uncertain.

Another systematic review with meta-analyses excluding RCTs of “insufficient 
quality” corroborated a small effect of robot therapy on motor function (FM Arm: MD 
2.23, 95% CI 0.87 to 3.59; 28 RCTs, 884 participants) and (only) at trend level for 
activities of daily living (SMD 0.27, 95% CI −0.05 to 0.59; 14 studies with 427 par-
ticipants) (Veerbeek et al. 2017). In dose-matched trials (i.e. equal therapeutic time 
allocated), a differential benefit of robot-assisted therapy on motor recovery was still 
observed (FM Arm: MD 2.28, 95% CI 0.89 to 3.68; 26 RCTs, 808 participants).

The high number of selective repetitive movements generated during robot ther-
apy is probably the main reason for its therapeutic effect.

A specifically task-oriented robot therapy used by high functioning stroke survi-
vors did not achieve a superior benefit at the activity level compared to task-oriented 
training without robot (Timmermans et al. 2014).
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4.2.8  Repetitive Transcranial Magnetic Stimulation (rTMS)
rTMS has been applied during the acute, post-acute, and chronic post-stroke phases 
to improve motor recovery in stroke patients having upper and/or lower limb pare-
sis. The rationale has been that priming the arm motor cortex by an excitatory stim-
ulation of the lesioned hemisphere or by an inhibitory stimulation of the non-lesioned 
hemisphere (that itself might inhibit the ipsilesional motor cortex) can promote arm 
motor recovery.

The following “inhibitory” (I) or “excitatory” (E) types of rTMS have been used 
in arm motor rehabilitation:

Low-frequency (LF) rTMS (I) of the contralesional primary motor cortex (M1),
Continuous theta burst stimulation (cTBS) (I) of the contralesional M1,
High-frequency (HF) rTMS (E) of the ipsilesional M1, and,
Intermittent theta burst stimulation (iTBS) (E) of the ipsilesional M1.
Thirty-four studies with 904 participants were included in the systematic 

review by Zhang et al. (2017). Upper limb function was measured by grip force, 
movement accuracy, keyboard, tapping, pinch and lift force, or complex hand 
movements. Pooled estimates show that rTMS significantly improved short-term 
(SMD 0.43, 95% CI 0.30 to 0.56) and long-term (SMD 0.49, 95% CI 0.29 to 0.68) 
manual dexterity. The mean effect size for the acute subgroup was 0.69 (95% CI 
0.41 to 0.97), for subacute stroke 0.43 (95% CI 0.16 to 0.70), and for chronic 
stroke 0.34 (95% CI 0.00 to 0.69; P = 0.048), respectively. The mean effect size 
for the high-frequency rTMS subgroup was 0.45 (95% CI 0.22 to 0.69) versus 
0.42 (95% CI 0.26 to 0.58) for the low-frequency rTMS subgroup. The mean 
effect size was significant for intermittent theta burst stimulation (iTBS) subgroup 
at 0.60 (95% CI 0.10 to 1.10), but was only at a trend level for continuous theta 
burst stimulation (cTBS) at 0.35 (95% CI −0.11 to 0.81; n.s.). The pooled effect 
size for the subcortical subgroup was 0.66 (95% CI 0.36 to 0.95); the mean effect 
size for non-specified subgroup was 0.39 (95% CI 0.24 to 0.54). In addition, 25 
studies were divided into four subgroups based on the numbers of sessions of the 
treatment: 1 session, 5 sessions, 10 sessions, and 15 to 16 sessions, with the mean 
effect sizes as follows: 0.55 (95% CI 0.29 to 0.81) for 1 session; 0.67 (95% CI 
0.41 to 0.92) for 5 sessions; 0.20 (95% CI −0.06 to 0.41; n.s.) for 10 sessions; and 
0.08 (95% CI −0.36 to 0.51; n.s.) for 15–16 sessions. Only three studies reported 
mild adverse events such as headache and increased anxiety.

In summary, the data showed a moderate short- and long-term benefit and only 
rarely reported mild adverse events, i.e. harm. Contralesional LF rTMS and ipsile-
sional HF rTMS or iTBS were effective with a maximum effect for trials applying 
5 sessions; the situation is less clear for contralesional cTBS. The modifiers of treat-
ment effect are to be taken into account with bigger benefits earlier after stroke and 
with patients suffering from subcortical stroke. Trials frequently included patients 
with mild-to-moderate arm paresis.

The systematic review by Xiang et al. 2019 including 42 RCTs with a total of 
1168 participants reported qualitatively similar results.
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Evidence for combined treatments (bilateral HF and LF rTMS within sessions 
or across series of sessions) also showed benefits. E.g., 2 weeks contralesional LF 
rTMS, followed by ipsilesional iTBS, had superior effects to the reverse order and 
sham stimulation in subacute stroke survivors with moderate-to-severe arm pare-
sis (Wang et  al. 2014). The database for such combinations is, however, still 
limited.

Although rTMS appears generally safe for stroke patients, it is necessary to fol-
low the safety guidelines to prevent or minimize the risk of side effects (Rossi et al. 
2009). In addition, characteristics of the medical product used for rTMS (including 
licensing) need to be taken into consideration.

4.2.9  Repetitive Peripheral Magnetic Stimulation (rPMS)
A Cochrane review documented one RCT (63 participants with spastic paresis) with 
no effect of rPMS in addition to rehabilitation treatment on arm function (FM Arm), 
while there was some effect on elbow spasticity (Momosaki et al. 2017).

4.2.10  Transcranial Direct Current Stimulation (tDCS)
Compared to rTMS, tDCS is a less focal non-invasive method. tDCS is used to 
modulate cortical excitability by applying a direct current to the brain; tDCS 
using anodal stimulation (a-tDCS) might lead to increased cortical excitability 
(e.g. of the lesioned hemisphere), whereas cathodal stimulation (c-tDCS) might 
lead to decreased excitability (e.g. of the non-lesioned hemisphere); in addition, 
anodal stimulation and cathodal stimulation may be applied simultaneously 
(dual-tDCS).

A systematic Cochrane review including 12 trials with a total of 431 participants 
measured upper extremity function at the end of a tDCS intervention period and 
revealed no evidence of an effect in favour of tDCS (a-tDCS, c-tDCS, dual-tDCS) 
compared to any type of placebo or passive control intervention (SMD 0.01, 95% CI 
−0.48 to 0.50 for studies presenting absolute values (low-quality evidence) and 
SMD 0.32, 95% CI −0.51 to 1.15 (low-quality evidence) for studies presenting 
change values) (Elsner et al. 2016). Regarding the effects of tDCS on upper extrem-
ity function at the end of follow-up, four studies with a total of 187 participants 
(absolute values) showed no evidence of an effect (SMD 0.01, 95% CI −0.48 to 
0.50; low-quality evidence). Similarly, a network meta-analysis failed to substanti-
ate an effect of tDCS on arm function among stroke survivors (16 RCTs, 302 par-
ticipants) (Elsner et al. 2017).

4.2.11  Somatosensory Stimulation
Somatosensory stimulation that can be provided as tactile, thermal, vibratory, pneu-
matic, or electrical stimulation might have a potential to enhance recovery not only 
in the somatosensory but also in the motor domain. Overall, the efficacy data from 
clinical trials is not yet convincing regarding its effects on motor recovery (Veerbeek 
et al. 2014). Moderate-quality evidence, arising from a small RCT (29 participants), 
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showed that sensory stimulation (alternating cold and “hot” thermal stimulation) 
combined with active movement efforts had a beneficial effect on arm activities and 
impairment, when compared to no treatment in acute and subacute stroke patients 
with moderate-to-severe arm paresis (Modified Motor Assessment Scale: MD 1.58, 
95% CI 0.98 to 2.18; Brunnstrom Score: MD 0.19, 95% CI 0.09 to 0.29; 29 partici-
pants) (Chen et  al. 2005). Similar results (Stroke Rehabilitation Assessment of 
Movement, ARAT) of thermal stimulation were reported for mostly chronic patients 
(23 participants; Wu et al. 2010).

4.2.12  Acupuncture
The evidence for acupuncture in arm rehabilitation post-stroke—more frequently 
assessed for the subacute phase—is considered of low quality due to design issues, 
heterogeneity, or lack of differential effects in clinical trials. A systematic review 
highlights the big issues of risk of bias in the published data (Cai et al. 2017). A 
bigger RCT randomizing 295 subacute stroke patients with moderate-to-severe arm 
paresis documented acupuncture for 30 min six times a week for 4 weeks to be 
equally effective as physiotherapy (60 min neurodevelopmental therapy) and occu-
pational therapy (45 min) or the combination of both acupuncture and physiother-
apy as well as occupational therapy (Zhuang et al. 2012).

4.2.13  Investigational Devices
Clinical evidence for post-stroke arm rehabilitation with other investigational 
devices such as the brain–machine interface-supported therapy, vagal nerve stimula-
tion, or epidural electrical motor cortex stimulation is too limited for a recommen-
dation for their use outside study protocols.

4.3  Medication

4.3.1  Botulinum Neurotoxin A (BoNT A)
Treatment of spasticity is covered in the corresponding chapter of this book. There 
is considerable evidence that BoNT A reduces spasticity, pain associated with spas-
ticity, and consequently difficulties to integrate a plegic severely spastic arm in daily 
activities (Andringa et  al. 2019); there is, however, less evidence to suggest that 
BoNT A improves active arm function even though this can be the case individually 
(e.g. Foley et al. 2013).

4.3.2  Drugs to Enhance Recovery
Medication thought to modify neuroplasticity and motor recovery post-stroke has 
not been investigated extensively. Any data regarding arm rehabilitation is regarded 
preliminary, e.g. for l-dopa, donepezil, d-amphetamine, fluoxetine, or cerebrolysin 
and not yet sufficient to recommend its routine clinical use. Individualized treat-
ment decisions (e.g. for l-dopa, fluoxetine, or cerebrolysin) are at the discretion of 
the physician in charge, mostly as “off-label” treatment.
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5  Clinical Pathway and Practice Recommendations

5.1 General Comments

As presented in the paragraph “therapy”, there is ample evidence for benefits 
gained by dedicated arm rehabilitation therapy in terms of improvement of active 
motor control (impairment) and activities. Self-perceived usefulness of the affected 
arm as well as disability has been shown to improve with some interventions. 
Overall, the immediate benefits from various interventions are moderate, long-
term effects were less systematically assessed. If applied appropriately, the inter-
ventions show little risk to harm and are by and large very acceptable for patients. 
The question of feasibility to apply these clinically effective therapies rests largely 
on access to and the availability of skilled human therapeutic resources. The use of 
technical devices such as arm rehabilitation “robots” ($$), NMES ($), or rTMS ($$) (), 
NMES ($) requires additional investment (high $$, moderate $) and therapeutic 
skills. Our knowledge of cost- effectiveness, i.e. the change in costs to the change 
in therapeutic effects, is limited.

Arm rehabilitation therapy is always embedded in the overall goal-oriented 
rehabilitation plan. As such, there is no tight link between an individual arm impair-
ment or activity limitations and a certain therapeutic intervention and strategy. 
Rather, arm rehabilitation needs individually to be tailored and therapeutic deci-
sions need to be weighed with a reflection of the overall rehabilitation goals and 
their priority.

In addition, therapeutic decisions in arm rehabilitation rest on underlying thera-
peutic principles, e.g. what are the next steps of motor control improvement to be 
taken. They might well be achievable by alternative therapeutic options as locally 
available. Teams might want to use the recommendations given below to structure 
their service and local “arm rehabilitation pathway” in such a way that the diverse 
patients’ needs can effectively be addressed. As stated above, this is not primarily a 
matter of technical devices: Evidence-based smart and skilled therapeutic approaches 
do not have to imply huge “costs” for equipment. Conversely, technical devices can 
reduce the workload for human resources and can be cost-effective.

This chapter gives insight into the currently best available evidence when 
improvement of (sensori)motor control, i.e. body functions, or activities performed 
with the affected arm and hand is a therapeutic goal. Therapeutic affordances will 
tentatively differ early after stroke, when functional restauration might be a prevail-
ing goal, while in the chronic stage therapeutic goals might more frequently focus 
on activities primarily. Further, therapeutic steps to be taken by patients with severe 
arm paresis are quite different from those with mild-to-moderate arm paresis and 
therapeutic interventions need to be chosen accordingly. Hence, the evidence-based 
recommendations provided below will be given for the acute, subacute, and the 
chronic phase and for patients with severe or mild-to-moderate paresis separately. 
On an individual basis, there might be good reasons to take different decisions based 
on a patient’s values and preferences and a healthcare professional’s expertise.
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5.2  Dosage and Organization of Treatment

5.2.1 Acute and Subacute Phase After Stroke
A dedicated active arm motor control training of at least 2 h per week over several 
weeks ought to be provided when acceleration of arm motor recovery is intended 
post-stroke (level of evidence 1a, quality of evidence high, A+). Increasing the ther-
apy time up to 3 h per day can create a benefit in the subacute stage and can be 
considered individually (level of evidence 1b, quality of evidence moderate, 0).

Depending on individual circumstances (patient and service) (I) one-to-one ther-
apy, (II) circuit class training that can integrate the use of passive training appara-
tuses, and (III) intermittently supervised home training, the latter ideally with 
dedicated training manuals for patients with mild, moderate, or severe paresis, resp., 
with a focus on repetitive impairment- and activity-oriented training, and documen-
tation of the training should be entertained as therapeutic options (level of evidence 
1b, quality of evidence moderate, B+).

In cases with an individually very poor prediction (complete paralysis with diag-
nosed severe corticospinal tract damage (loss of motor evoked potentials (MEP) 
with transcranial magnetic stimulation (TMS), posterior limb of internal capsule 
damage on MRI diffusion tensor imaging (DTI)), a therapeutic focus on prevention 
of secondary complications (only) for the plegic arm and teaching compensatory 
strategies with the non-paretic arm can be considered already early after stroke 
(level of evidence 2b, quality of evidence low [imprecision], 0).

5.2.2 Chronic Phase After Stroke
At least 3 h per week of dedicated active arm motor rehabilitation (including circuit 
class approaches and the use of training apparatuses or home practice with intermit-
tent supervision) with regular evaluation of therapeutic progress are recommended 
for prolonged therapy in the chronic stage when improvements at impairment or 
activity level are intended and can be observed (level of evidence 1b, quality of 
evidence moderate, B+).

When improved performance of the affected arm in individually valued func-
tional tasks is the therapeutic goal, intensified home practice with intermittent 
supervision for a couple of weeks is recommended; the training should then focus 
on client-centred individualized functional goal-oriented practice (level of evidence 
1b, quality of evidence moderate, B+).

5.3  Therapeutic Options (Table 1)

5.3.1  Therapeutic Options for Stroke Survivors with Severe Paresis
Daily arm basis training should be considered in the acute and subacute phase when 
improvement of selective motion capacity is the therapeutic goal for patients with 
incomplete severe arm paresis (level of evidence 1b, quality of evidence moderate, 
B+); it is an option in the chronic phase (0).
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If available, arm robot therapy should be offered on a daily base especially to 
increase dosage/intensity of repetitive selective movements in the acute/subacute phase 
when selective movement capacity recovery is therapeutic goal (level of evidence 1a, 
quality of evidence high, B+ [unclear long-term effects]); it is also an option in the 
chronic phase (level of evidence 1a, quality of evidence low [uncertain effects], 0).

Daily mirror therapy as additional training for several weeks, e.g. as supervised 
self-training, should be considered when motor improvement at impairment and/or 
activity level is intended (and likely to be achieved) (level of evidence 1a, quality of 
evidence moderate, B+); patients with neuropathic pain or neglect might have an 
additional benefit.

Bilateral training is a therapeutic option (level of evidence 1a, quality of evi-
dence moderate, 0).

cNMES of wrist and finger flexors and extensors, or when EMG-triggering is 
voluntarily possible, EMG-NMES of wrist and finger extensors, in selected 
cases as FES can be used to enhance selective motion capacity and arm activi-
ties (level of evidence 1a, quality of evidence low, 0). cNMES of shoulder 

Table 1 Clinical pathway—therapeutic options in arm rehabilitation post-stroke

Severity
Basic vs. 
optional Type of therapy

Acute/
subacute Chronic

Severe paresis Basic Arm basis training B+ 0
Arm robot therapy B+ 0
Mirror therapy (additional) B+ B+
Bilateral training 0 0
cNMES, EMG-NMES 0 0
Therapy with VR and arm 
weight support

0

Optional Somatosensory stimulation 0 0
Acupuncture 0

Mild-to-moderate 
paresis

Basic Arm ability training B+ 0
Repetitive task training 0 0
Strengthening exercises 0 0
Therapy with VR 0 0
Mirror therapy (additional) B+ B+
mCIMT/CIMT (learnt 
non-use)

B+ B+

Optional Trunk restraint (reaching) 0 0
Mental practice 0 0
rTMS 0 0
Transfer package B+ B+

Mild to severe Discouraged tDCS B− B−
The grading of the recommendations according to GRADE corresponds to the categories “ought 
to” (A) and “should” (B); the category (0) implicates “can”. Abbreviations: cNMES cyclical neu-
romuscular electrical stimulation; EMG electromyographically triggered; CIMT constraint-
induced movement therapy; rTMS repetitive transcranial magnetic stimulation; tDCS transcranial 
direct current stimulation; VR virtual reality.
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muscles can be applied to treat subluxation (level of evidence 1a, quality of 
evidence low, 0).

Purpose-built virtual reality therapy systems with arm weight support can be 
used to improve selective motion capacity and arm activities with severe incomplete 
arm paresis (level of evidence 1b, quality of evidence low, 0).

Somatosensory (especially thermal) stimulation is an option as adjunct therapy 
(level of evidence 1b, quality of evidence moderate, 0), in the subacute phase also 
acupuncture (level of evidence 1b, quality of evidence low, 0).

Using splints and other orthoses to intermittently immobilize joints, e.g. the wrist 
of the severely affected arm or shoulder strapping (glenohumeral, scapulo- thoracal), 
does not facilitate motor recovery and should not be used for this therapeutic goal 
(level of evidence 1a, quality of evidence moderate, B−). It can be used to prevent 
or treat pain associated with severe paresis at these joints (level of evidence 1a, qual-
ity of evidence low, 0).

Substantial difficulties to integrate a plegic and severely spastic arm in daily 
activities and spasticity-associated pain should trigger the evaluation of a botulinum 
neurotoxin A treatment of the affected muscle groups (level of evidence 1a, quality 
of evidence moderate, B+).

5.3.2  Therapeutic Options for Stroke Survivors with Moderate 
and Mild Paresis

A three-week course of daily arm ability training should be considered when 
improvement of sensorimotor skilfulness (e.g. dexterity) is the therapeutic goal for 
patients with mild-to-moderate arm paresis (level of evidence 1b, quality of evi-
dence moderate, B+).

Repetitive task training is a therapeutic option when improvement of arm activi-
ties is the therapeutic goal (level of evidence 1a, quality of evidence moderate, 0).

Strengthening exercises can be an element of individualized therapy (level of 
evidence 1a, quality of evidence moderate, 0).

Purpose-built virtual reality therapy systems (and gaming consoles) can be used to 
improve selective motion capacity (level of evidence 1a, quality of evidence low, 0).

For patients with moderate arm paresis showing compensatory trunk displace-
ment during reaching, using a trunk restraint while training reaching movements 
can be considered (level of evidence 1a, quality of evidence low, 0).

Daily mirror therapy as additional training for several weeks, e.g. as supervised 
self-training, should be considered when motor improvement at impairment and/or 
activity level is intended (level of evidence 1a, quality of evidence moderate, B+); 
patients with neuropathic pain or neglect might have an additional benefit.

Mental practice is an alternative option after actual motor training sessions with 
the paretic arm (level of evidence 1a, quality of evidence moderate, 0).

Contralesional LF rTMS or ipsilesional HF rTMS or iTBS of the primary hand 
motor cortex (e.g. five sessions) can be considered as adjunct therapy by experi-
enced personnel when available and when used within safety guidelines, preferably 
early after stroke (level of evidence 1a, quality of evidence moderate, 0 [resource 
implications]).

Patients showing learnt non-use while having only mild-to-moderate paresis 
with some preserved hand function and no major problems with pain or spasticity in 
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their affected arm should be offered mCIMT or CIMT (the latter when beyond the 
acute phase) when the actual amount of use of the affected arm is the therapeutic 
target, i.e. to reverse learnt non-use (level of evidence 1a, quality of evidence high, 
B+); wearing a restraint of the non-affected arm outside therapeutic sessions is rec-
ommended when a “transfer package” is offered during therapy (level of evidence 
1b, quality of evidence moderate, B+).

5.3.3  Therapeutic Options Independent of Stage of Disease or 
Severity of Paresis

For Bobath therapy (neurodevelopmental therapy, NDT), no recommendation can 
be given (level of evidence 1a, quality of evidence moderate).

The use of tDCS (a-tDCS, c-tDCS, dual-tDCS) to improve upper limb motor 
function is discouraged outside study protocols (level of evidence 1a, quality of 
evidence low, B−). The same holds true for rPMS (level of evidence 1a, quality of 
evidence low, B−).
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