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Abstract
Background Upper limb disabilities after a stroke compromise the activities of daily living. Several
approaches to improve motor control and reduce disability are proposed, including speci�c unilateral
training of the contralesional limb or bilateral training with appropriate equipment and/or robotic
assistance. These approaches can be used with rhythmic or discrete movements along with usual
therapy, but the most effective approach has never been determined. The objective of this study will be to
verify the effect of training with rhythmic or discrete movements in conjunction with the usual therapy on
motor function and participation regarding the patients’ upper limbs after chronic stroke.
Methods/Design This is a 3-arm, assessor-blinded, randomized controlled trial. Seventy-�ve patients with
chronic stroke (> 6 months) and upper limb paresis will be included. Participants will be randomly
allocated into 3 groups: 1) discrete movement training and usual therapy (n = 25), 2) rhythmic movement
training and usual therapy (n = 25) and 3) a control group, (n = 25) which will only receive the usual
therapy. A �ve-week intervention period (10 sessions) with two sessions per week will be carried out.
Outcome measures include participation, activity and motor function measured by the Stroke Impact
Scale (SIS), Motor Activity Log (MAL) and Fugl-Meyer Scale, respectively; other measures are aiming
movement performance, grip strength and spasticity, which will be obtained at follow-up assessments 5
weeks and 3 months after randomization. Discussion The results of this trial can support allied health
professionals’ decision-making processes in the treatment of motor impairment and disability after
chronic stroke and reduce this condition’s health-related costs.

Background
Stroke is a sudden neurological disorder that causes a diversity of impairments related to the affected
brain areas. It is considered the second leading cause of death and the leading cause of disability
globally [1]. Disability of the upper limbs due to stroke is common given the low rate of recovery (i.e.,
15%) in this population [2]. Stroke has various effects on body function, such as paresis, spasticity and
changes of the muscle activation sequence, which entail disability [3]. These direct consequences of
stroke affect activity [4] and may restrict the individual’s participation [5].

Various rehabilitation methods speci�c to post-stroke motor impairments and disabilities have been
proposed [6], including the use of specialized support apparatus and speci�c techniques [6, 7]. In task-
oriented therapy, for example, repetitive training of daily living functional activities [8] has been suggested
to promote cortical reorganization [9]. The forced unilateral training of the affected limb is used in
constraint-induced movement therapy [10], [11]. The current literature states that such constraint-induced
therapy induces neuroplastic cortical changes when applied to patients with mild and moderate motor
impairment [12]. Bilateral training with or without rhythmic auditory stimulus [13] stimulates
simultaneous use of the limbs. It is assumed that bilateral training activates interhemispheric stimulation
of similar cortical areas [14]. Additionally, therapies used in conjunction with the usual therapy include
robotics, which uses an auxiliary apparatus for the upper limb movements in the various phases after
stroke [15] and functional electrical stimulation, [16] successfully used for shoulder pain, control of
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spasticity and manual function improvement [17]. Virtual reality [18] and mental practice [19] are also
described for improvement in motor control and disability after stroke [6].

Many of the above cited approaches use discrete movements, which are voluntary movements directed at
the target body part [9]. This type of movement is characterized by an initial phase of acceleration
followed by a deceleration that matches the �nal transport period from the hand to the target [20].
Approaches that use rhythmic movements for upper limbs, however, are less common [21]. Rhythmic
movements, unlike discrete movements, do not have a static phase during their implementation [22].
Rhythmic movements involve the stretching-shortening mechanism that is likely to promote greater
mechanical e�ciency during movement [23]. Also, rhythmic movements can be activated by general
pattern generators, spinal neuronal groups capable of generating movement without relying on higher
centers [24] besides the increased amount of practice. Their effects in individuals with varying degrees of
paresis and motor control abnormalities resulting from stroke were not investigated. No studies
compared the additive effects of upper limb movement training with rhythmic or discrete upper limb
movements after chronic stroke. Therefore, the purpose of this study is to verify the effect of the training
with rhythmic or discrete movements of the upper limbs in conjunction with the usual therapy on patients’
motor function and participation after chronic stroke. Speci�cally, we intend to investigate the effect of
the additive training with rhythmic movements as a rehabilitation strategy on the outcomes of motor
control and participation.

Methods
Approval and registration of the study

We commenced recruitment in May 2016 in an outpatient physiotherapy clinic. The study design,
procedures and informed consent were approved by the Ethics Committee in Research (research protocol
number 51497415.4.0000.0064) and were prospectively registered at clinicaltrials.gov (registration
number NCT02765152).
The evaluator will be responsible for screening and selecting the participants, according to the eligibility
criteria. Patients unable to provide written informed consent due to their condition were excluded. The
evaluator will inform the potential participants of the entire intervention process. If the participant agrees
to participate in the research, he / she shall sign the consent form. Any modi�cation of the protocol will
be reported to ClinicalTrials.gov.

Eligibility criteria

All stroke survivors admitted to the outpatient clinic of the university (in Brazil) will be considered for
eligibility. Participants enrolled in the treatment program at a university physiotherapy clinic will be
evaluated and invited to the study. If they agree to participate in the trial, data will be collected and stored
in the study �les.
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The selected participants must have a clinician’s diagnosis of ischemic or hemorrhagic stroke (con�rmed
by computed tomography or magnetic resonance imaging) and evident unilateral motor impairment. We
will include adults (>18 years) in the chronic stage (> 6 months since ictus) who can understand simple
instructions (adjusted Mini Mental State Exam score according to schooling) [25]. Participants must have
preserved and asymptomatic movement amplitude in the shoulder, elbow and wrist joints of the most
affected upper limb and no other neurological or musculoskeletal disorders and/or clinical instability that
could prevent physical effort. Participants with a history of recent drug use to modify their neuromuscular
condition, e.g., botulinum toxin, somatosensory and/or perceptual de�cits that hinder the completion of
tasks and language and communication impairments, will be excluded.

Procedures

This is a 3-arm, randomized controlled trial with a blinded assessor. The patients will receive information
about the study and the criteria for study eligibility. If the patient is considered eligible, the assessor will
collect the baseline data prior to randomization. The eligible participants will be randomly allocated into
three groups: discrete movement and usual therapy, rhythmic movement and usual therapy and usual
therapy alone as the control group. The assessor will not know into which treatment groups patients have
been allocated. The speci�c training, discrete or rhythmic, will be provided in addition to the usual
therapy. All participants will receive the usual therapy, consisting of mobility, strength, stretching exercises
and task-oriented practice [26].

The primary outcome of our study will be participation at baseline and 5 weeks (10 sessions) and 3
months after randomization. The secondary outcomes will be motor function and activity. Motor function
will be assessed at the baseline and after 5 weeks, and activity will be assessed at the same stages and
at the 3-month follow-up. Other outcomes will be provided by the analysis of aiming movement
performance (movement smoothness, reaction time, movement time and end-point variability), spasticity
and grip strength at baseline and 5 weeks after randomization. The interventions and the outcome
measures are explained in detail below.

Insert table 1

Randomization and blinding

A researcher who has no direct participation in the recruitment and data collection will generate a
randomization schedule using Microsoft Excel. The allocation will be concealed in consecutively
numbered, sealed opaque envelopes. A blind assessor will conduct the baseline assessment. A researcher
who was not directly involved in the evaluation and recruitment process will open the envelopes after the
baseline evaluation in the participant’s presence. The physical therapists responsible for intervention will
be informed of the allocation. The participants from each group will be instructed not to inform the
assessor about the intervention characteristics.

Interventions
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All participants will receive the usual therapy. They will attend two weekly sessions of speci�c training for
�ve weeks for a total of 10 treatment sessions. There will be discontinuation of treatment in case of
complications such as pain in the upper limb. When the patient reports fatigue, there will be a period of
rest. Participants will be included in university clinic rehabilitation programs. Will be disclosure of
treatment in university newspaper. Patients included in the trial may continue complementary treatments
(eg, use of orthoses) and usual therapy. The use of medications to control spasticity will not be allowed.
Possible complications with the participants, will be reported to the assessor to record the information.

The study director will oversee the trial. Screening tests, assessments and treatment sessions will be
monitored every week. There is no sponsor for the study

Control group

The usual therapy standards will follow the procedures established for the control group directed to the
affected upper limb. The therapy will be composed of joint mobility exercises stimulating active
movement of the upper limb; stretching of spastic muscles; resistance training with manual resistance in
accordance with the degree of the patient’s muscular strength (prioritizing the upper limb’s functional
speci�city); motor coordination exercises, using unilateral and bilateral functional motor tasks; and task-
oriented upper limb training. Additionally, others procedures related to postural control and gait will be
applied when necessary [26].

Discrete movement training group

Discrete upper limb movements in conjunction with the usual therapy will be conducted for 30 minutes in
two weekly sessions. The discrete movement is characterized by being unidirectional, performed from a
starting point to a pre-established target. The targets have various sizes and can be positioned in various
directions and distances related to the starting position. The participants will be seated with their feet
fully on the �oor. The table’s height will be adjusted to provide support to and facilitate proper positioning
of the upper limbs. The table surface will be coated with laminated material that allows the upper limb to
slide over its surface.

The therapist will guide the participants to conduct the training without the use of trunk movements to
avoid compensatory trunk movements during the training. The tasks are organized according to each
participant’s clinical evolution and function. Participants with greater sensory-motor severity (established
by the Fugl-Meyer scale [27]) will begin under the therapist’s assistance. The physical therapists will
adjust a cylinder of various sizes (according to evolution) at the participant’s hand and when necessary
will make manual contact on the elbow and wrist, thereby assisting the movement. The tasks will follow
a sequence with increasing complexity, providing challenges to be overcome, such as unilateral
movements followed by their contralateral counterparts, increased movement distance and variation of
the targets’ sizes. The training will be performed unilaterally and bilaterally, i.e., the movements will be
executed by the affected upper limb in isolation and combined with the ipsilesional upper limb. The
targets will be circles distributed in pre-determined positions. The target that is most central and closest
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to participant will be considered the starting point, and the other targets will be placed to the left of, right
of and in line with the starting point. The participants will be instructed to perform the movement at a
comfortable speed, trying to reach the center of the targets. Verbal commands will be offered, which will
serve as a stimulus for the beginning of the movement, involving planning demands for task execution
(appendix 1).

Rhythmic movement training group

This group will perform, in addition to the usual therapy, 30 minutes of speci�c training of rhythmic
movements twice a week. The apparatus used for the discrete training group and the participant’s
positioning will be the same for this group. Thus, differences between discrete and rhythmic groups are
related to the task. The rhythmic movement is the repetition of movement between two targets. Although
the targets will have the same distribution pattern as for the discrete training group, the participants will
repeat the movement from the starting point, reaching the target and returning to the starting point
consecutively for 8 to 15 repetitions. This task will be carried out without interruption of movement
among the targets until the therapist establishes a moment of rest. The number of repetitions for each
task will be determined by the participant’s performance, i.e., when there is an increase in the number of
errors, the participant will be instructed to stop the task and return to it after a period of rest. The training
will be carried out unilaterally and bilaterally as proposed for the previous group. Challenges will also be
proposed through increased task demands and reduced assistance of the movement performance when
appropriate. Changes of direction and distance to the target will be modi�ed along the training process
(appendix 1).

Assessments

All scales and questionnaires used to assess outcomes have shown adequate measurement properties
and have been translated and adapted into Brazilian Portuguese. The study’s primary outcome will be
participation, and the secondary outcomes will be motor function and activity.

Participation related to the upper limb due to stroke 5 weeks after randomization will be the primary
outcome. Participation will be measured with the Stroke Impact Scale (SIS) [28, 29], an instrument that
characterizes the individual’s functional performance under its perception post-stroke. The SIS also
assesses the changes along the evolution process and patients’ perceptions regarding their degree of
recovery [28]. The SIS is a self-reported measure, comprising eight domains (strength, manual function,
daily life activity, mobility, communication, memory, emotion and thought, participation) divided into 64
items. Each item receives a score from 1 to 5, with the highest score considered the best outcome. The
domains evaluated in this study will be upper limb muscle strength, manual function, participation and
general recovery perception. An algorithm generates the overall score for each domain (0 – 100 points)
[28].

The SIS has its measurement properties tested for the Brazilian population [29]. The maximum SIS effect
was observed in the communication domain. The internal SIS consistency was satisfactory, and the
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domain of lower internal consistency was emotion. The intraclass correlation coe�cients ranged from
0.48 (emotion) to 0.94 (manual function). A signi�cant correlation existed among the SIS physical
domains and other scales, such as the modi�ed Rankin Scale and Barthel Index. Version 3.0 of the SIS
was used in this Brazilian study and proved to be adequate on evaluation of the stroke consequences in
its diversity by presenting satisfactory internal consistency, test-retest reliability and construct validity
[29].

The Fugl-Meyer scale [27, 30] is an instrument for the evaluation of sensory-motor recovery, speci�cally
developed to analyze individuals with hemiplegia or hemiparesis due to stroke. The Fugl-Meyer scale
consists of �ve areas: upper limb motor function (maximum score of 66 points); lower limb motor
function (maximum score of 34 points); sensorial function (total score of 24 points); equilibrium
(maximum score of 14 points); range of joint motion (maximum score of 44 points) and pain in joint
movement (maximum score of 44 points), with a total score of 226 points. Each item is scored from 0 to
2. A score of 0 means that the individual cannot perform the test, 1 means the individual partially
performs it, and 2 means he or she fully performs it [27]. This study will include upper limb motor
function and the upper limb total score. Therefore, the score of 60 points will be adopted for upper limb
motor function and 120 points for the total upper limb score (which evaluates, along with motor function,
range of motion as well as pain and sensitivity) [31]. Woodbury et al. [31] propose a classi�cation of
upper limb motor function in accordance with the capacity for voluntary movement implementation;
therefore, re�ex activity was removed from the measurement.

Activity will be measured with the Motor Activity Log (MAL) [10], a structured questionnaire developed by
Taub et al. [10] to assess the effects of the constraint-induced movement therapy outside the intervention
environment, i.e., to assess the amount of upper limb use in everyday life. This questionnaire is
composed of the affected upper limb’s quantitative and qualitative component use in 30 daily life
activities outside the intervention context [32]. The synthesis of the original MAL’s psychometric
properties was reported in a review [33], and the same were tested in a study in Brazil [34]. It is worth
noting that the participants in the Brazilian study presented with various degrees of impairment as
classi�ed by the Fugl-Meyer scale. Therefore, the MAL is an appropriate measure to assess the activity
and participation of patients with various disability levels.

Other measures will be provided by the analysis of upper limb performance during aiming movements.
Our research group has already used this analysis in previous studies [35-37]. Participants will sit at the
table on a high adjustable chair that provides full trunk support. Participants will be attached to the chair
and thus stabilized with a tailored vest adjusted to the trunk, limiting compensatory trunk movements.
The table positioned in front of the participant will have the proper height to support the forearms. The
shoulders will be maintained in neutral position for rotation, next to the trunk, and the elbows will be
�exed at 90°.

A 12x12-inch graphic tablet (WACOM Intuos Professional®) and a 15-inch Samsung® monitor will be
positioned at eye level on the table. The equipment will be connected to a laptop (HP AMD Pavilion® 64),
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which will control the testing task. The researcher will remain behind the participant to not interfere in the
trial, and the application room will have partial acoustic isolation to eliminate distracting stimuli.

Participants who correctly performed the pen grip test on the Fugl-Meyer scale were encouraged to
perform the kinematic evaluation. Each participant will perform two blocks of 10 trials with the paretic
upper limb, with rest time if necessary. The trial will consist of the aiming movement with a stylus in
contact with the digitizing tablet’s sensitive surface from a starting point aligned with the participants’
midline. The participant will be instructed to perform the movement as quickly as possible following the
imperative stimulus. This stimulus is determined by the change from white to green (during 300 ms) of
the target to be reached, upon which the individual starts the movement. In the case of an anticipation
error (reaction time less than 100 ms), omission or direction, the attempt will be repeated at the end of the
block. The targets will be represented on the monitor, all with diameter of 1 cm, placed 12 cm away from
the starting point.

The contact point’s (stylus’s) trajectory on the table will be recorded at a frequency of 300 Hz. The trials’
control, data storage and analysis will be carried out a by program developed in LabView 9.0 environment
(National Instruments®). The time series in x and y will be �ltered through a 10 Hz Butherworth second-
order low-pass �lter. Each trial’s beginning and end will be de�ned using 5% of the trajectory’s peak
velocity. The reaction time, movement time, movement smoothness and resultant variable error will be
calculated. The reaction time (in milliseconds) is de�ned as the time between the beginning of the
imperative stimulus and the beginning of the stylus movement on the surface and the movement time (in
milliseconds), such as the time interval between the beginning and the end of the movement. The end-
point variability (in centimeters) is considered a measure of variability for the medial-lateral (x) and
anterior-posterior (y) directions. The movement smoothness (in units of movement) will be evaluated by
computing the number of times that the acceleration value crosses zero (positive to negative and vice
versa) [37]. The average among the trials will be computed for each dependent variable and used for
statistical analysis.

A manual dynamometer (Saehan®) will be used as a measuring instrument for grip strength. Participants
will be adequately seated according to the American Occupational Therapy Society. The adopted unit of
measure will be kilogram force (Kgf). The participant will be instructed to sit and press the equipment’s
handle with maximum force. The average grip strength computed across the 3 trials [38] will be used for
statistical analysis.
The spasticity of the forearm pronators, elbow �exors and wrist will be assessed with the modi�ed
Ashworth scale, a measurement scale of 0 to 4 points. The higher the score, the greater the degree of
spasticity [39].

An investigator not involved in previous procedures will make data collection and monitoring. This
investigator will follow any harm situation during procedures and will have the power to determine the
end of the trial. Participants may withdraw from the study for any reason at any time. The investigator
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also may withdraw participants from the study to protect their safety and/or if they are unwilling or
unable to comply with required study procedures.

Data Analysis

Double-data entry will be conducted to avoid mistakes. The statistical analysis will be conducted by
using an intention-to-treat approach. The data’s normality will be checked by histogram inspection.
Descriptive statistics will be used for the groups’ characterization. The between-group differences and
95% con�dence intervals will be calculated using the linear mixed models. Further analysis will not be
carried out. The statistical package SPSS version 19.0 for Windows will be used for all analyses.

Sample size (Sample calculation)

A minimum clinically signi�cant difference from 4.25 to 7.25 points, or a seven-point difference, [40] was
established in the Fugl-Meyer scale score [41], with an estimated standard deviation of 11 points [42]. A
power of 80% was de�ned along with a signi�cance level of 5%, which determined a sample of 22
participants per group. This calculation included the possible loss upon follow-up of 15%. Therefore, we
will recruit 25 participants per group (75 patients in total).

Discussion
In this study, we present the planning and design for a 3-arm, randomized controlled trial comparing the
effects of rhythmic and discrete upper limb movement training after chronic stroke. We also seek to verify
the effects of these trainings in conjunction with normal care. This study’s results may introduce another
effective technique for conservative treatment and could guide physiotherapists in the clinical decision-
making process for people with chronic stroke. The results of this study will be published once the study
is concluded.

It is expected that training with rhythmic movements combined with usual therapy can improve motor
control and the upper limb’s activity and participation after a stroke when compared to additional discrete
and usual therapy practices. The stretching-shortening mechanism and the central pattern generators
could explain these positive results [21]. Rhythmic movements can improve the performance of the
aiming movements and facilitate muscular coupling, favoring the reduction of muscular tone and leading
to the increase in the practice of exercises that can favor the development of the activity and participation
[43].

Plans for investigators to communicate trial results to participants, healthcare professionals, the public,
and other relevant groups will be through publication.

Abbreviations
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SIS: Stroke Impact Scale; MAL: Motor Activity Log; Kgf: kilogram force; UT: usual therapy; DMTG=
discrete movement therapy group; RMTG= rhythmic movement therapy group.
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Table 1
Table 1. Timeline for the schedule of enrollment, interventions and assessments
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Outcomes Enrolment Before
recruitment

Intervention

period (10
sessions)

10 sessions
follow-up

after
randomization

3 months
follow-up

after
randomization

Eligibility
criteria

X

Demographic
data

X

Informed
consent

X

Primary
outcomes

Participation
(SIS)

X X X

Secondary
outcomes

Activity (MAL) X X X

Motor function
(FMA)

X X

Other outcomes

Aiming
movement

X X

Spasticity X X

Grip strength X X

Interventions

UT+DMTG X

UT+RMTG X

UT X

SIS= Stroke Impact Scale; MAL= Motor Activity Log; FMA= Fugl-Meyer Assessment; UT= usual therapy;
DMTG= discrete movement therapy group; RMTG= rhythmic movement therapy group.
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