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ABSTRACT

Purpose. Visual choice reaction time can be measured in reaching, which is an important task to investigate after stroke
owing to its high clinical importance in activities of daily living. The study aim was to evaluate the visual choice reaction
time during reaching tasks in the ipsilateral and contralateral spaces before and after a single training session of choice
reaction time in patients after a mild stroke.

Methods. The cross-sectional study involved 7 individuals after a mild stroke. The visual choice reaction time was evaluated
during reaching in the affected and unaffected sides in the ipsilateral and contralateral spaces. All individuals trained the
choice reaction time during a functional reaching task in a single session. In the training, 6 circles were used in a randomized
sequence in 5 blocks, with 10 stimuli per block, for a total of 50 repetitions.

Results. There was a significant reduction in the choice reaction time for the unaffected side in the ipsilateral space after
training (p = 0.041). The other task conditions did not show a statistical difference, but a clinical relevance based on Cohen’s d
(d > 0.60).

Conclusions. A single training session can decrease the choice reaction time for the affected side during tasks in the ipsilateral
space after a mild stroke.
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Introduction tasks) [9], and training. Stewart et al. [10] show that

a single training session can change the response time

Visual choice reaction time (CRT) is measured with
a set of stimuli and responses, with each stimulus being
associated with a particular response [1, 2]. Stroke
patients present a delay in CRT owing to slower mo-
tor responses [3-5], changes in muscular activation
[6], and deficits in response selection [7], even in the
absence of clinical motor deficits.

Visual CRT can be modified by the type of motor
task (implicit or explicit), complexity of the task [3, §],
variability of the task (constant, blocked, and random

in a visual CRT task in stroke patients. In another study
with a single session, the authors observed a slower
performance in stroke patients than in control sub-
jects in a condition with randomized tasks of high com-
plexity [8].

Visual CRT can be measured in different activi-
ties, such as reaching, which is an important activity
to investigate after stroke owing to its high clinical im-
portance in activities of daily living [11]. Visual CRT
response can be different between reaching tasks per-
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formed in the ipsilateral and contralateral spaces.
Reaching in the contralateral space compared with
that in the ipsilateral space has a longer latency, lower
speed, and less precision [12]. Therefore, reaching
tasks in the contralateral space are more complex [13],
and other studies have verified that random practice
in both spaces facilitates the consolidation of motor
memory [14] and a reduction in reaction time [9]. How-
ever, the exact significance of this learning effect is
unclear in individuals after stroke [15]. Therefore,
a factor not yet investigated by the studies of reaching
tasks is: Can a single training session of visual CRT
modify the CRT values in both the regions of space?

Thus, the aim of the study was to evaluate visual CRT
during reaching tasks in the ipsilateral and contralat-
eral spaces before and after a single training session
of CRT in patients after a mild stroke. The main hy-
pothesis of this study was that the visual CRT during
reaching would decrease after a single treatment ses-
sion in both spaces.

Material and methods
Study design

A cross-sectional study was performed among in-
dividuals diagnosed with stroke. The data collection
was carried out at the Laboratory of Biomechanics
and Motor Control of Federal University of Triangulo
Mineiro from March 2018 to February 2019.

Subjects

The eligibility criteria for participation in the study
were: (i) mild stroke in the chronic stage, up to 1 year
after ictus, confirmed by medical records and neuro-
imaging examinations; (ii) age > 18 years; (iii) a score
of up to +1 (equivalent to minimum hypertonia) in the
Modified Ashworth Scale (MAS) [16]; (iv) a score of > 30
on the Fugl-Meyer Scale (items related to upper limb
function - mild stroke); (v) a Mini Mental State Ex-
amination (MMSE) score of > 20 points for individu-
als with 1-4 years of education, > 25 points for indi-
viduals with 5-8 years of education, > 26.5 points for
individuals with 9-11 years of education, and > 29
points for individuals with more than 11 years of edu-
cation [17]; (vi) absence of other neurologic diseases,
such traumatic brain injury, and any orthopaedic or
rheumatic disorders that could interfere with the ex-
ecution of the protocol.
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Variable assessment

(@) MMSE: This scale was used to exclude indi-
viduals with cognitive impairment. It has a maximum
score of 30 [18]. The cut-off points applied were those
corresponding to the educational level of the partici-
pants [17].

(b) Fugl-Meyer Scale: It was used to investigate sen-
sory-motor recovery. Only items related to upper limb
function were considered, with a maximum score of
126 points [19].

(c) MAS: This scale served for the quantification of
muscular tone. The scores range from 0 to 5 [20].

Outcome measures

For CRT evaluation, the individuals were seated in
a chair with adjustable height, with their hips, knees,
and ankles at 90° of flexion, their shoulders at 10-15°
of flexion, their elbows at 75-90° of flexion, and their
forearms pronated. To avoid compensatory movements,
the trunk was stabilized at the 7" thoracic vertebra
by using a chest brace. A monitor was placed in front
of the individual at a distance dependent on the up-
per limb length, which was measured from acromion
to the distal phalanx of the index finger, with a mea-
suring tape. The seat height was adjusted to 100% of
the lower limb length, which was measured from the
lateral knee joint to the floor in a straight line with
the subject standing barefoot. The centre of the moni-
tor height was adjusted to 75% of the subject’s shoul-
der height, which was defined as the distance from
the shoulder marker to the floor with the participant
sitting in the standardized position (Figure 1A). The
individual had to reach in the ipsilateral or contralat-
eral spaces in response to the visual stimulus, as
quickly and accurately as possible, and return to the
anatomic initial position at the end. The visual stim-
ulus, represented by a white circle, lasted 5 seconds
and could appear at 5, 6, 7, 8, or 9 seconds in a ran-
domized sequence. The circles used for the evalua-
tion were only circles 3 and 4 (Figure 1B).

The electromyographic (EMG) signal of the ante-
rior deltoid was used to determine the onset of the mus-
cle response analysed. The EMG signals were recorded
with a Delsys Trigno TM® wireless telemetry sensor
at 2000 Hz, in accordance with the Surface Electro-
myography for Non-Invasive Assessment of Muscles
protocol [21]. A photodiode was applied to synchro-
nize the EMG signal with the visual stimulus.

CRT was calculated in milliseconds by the differ-
ence between the photodiode signal and EMG activ-
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Figure 1. (A) The individual’s position during the evaluation and the choice reaction time training session
(B) representation of a visual stimulus on the screen
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Figure 2. Configuration of choice reaction time training

ity in 4 reaching tasks: (1) reaching with the affected
side in the ipsilateral space; (2) reaching with the un-
affected side in the ipsilateral space; (3) reaching with
the affected side in the contralateral space; and (4)
reaching with the unaffected side in the contralateral
space.

All of the assessment tools were administered by
a physiotherapist. All participants included in the
evaluation participated in a weekly rehabilitation
(physical therapy and occupational therapy) programme
in accordance with the American guidelines for reha-
bilitation in stroke patients [22].

Interventions

Each individual had to reach in the ipsilateral or
contralateral spaces in response to the visual stimu-
lus, as quickly and accurately as possible, 5 minutes
after CRT evaluation. In the training, all 6 circles were
used in a randomized sequence in 5 blocks, with 10
stimuli per block, for a total of 50 repetitions [23]
(Figure 2). The training was conducted with both upper
limbs in a single session. After the training, the indi-
vidual was reassessed by the same CRT evaluation.
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Sample size

The sample size was calculated to match the pri-
mary outcome with sample size estimation. On the ba-
sis of treatment effect change and 1.10 of effect size,
with a fixed alpha error of 0.05 and beta error of 0.20,
7 patients constituted the necessary sample. The sam-
ple size calculation was performed with the G*Power
3.1.3 software.

Statistical methods

Descriptive statistics were used for sample charac-
terization. The CRT variables presented a normal dis-
tribution (Shapiro-Wilk test), and Student’s t-test for
dependent variables (CRT) served to compare the pre-
and post-intervention results for both sides in each
space. Pearson’s correlation test was applied used to
assess the associations between the CRT on the af-
fected and unaffected sides, as well as the MMSE,
MAS, and Fugl-Meyer scores. The associations were
considered significant at the value of p < 0.05. In ad-
dition, Cohen’s d test was used to analyse the effect
size and clinical relevance (d < 0.5, small clinical rel-
evance; d of 0.5-0.79, moderate clinical relevance;
d > 0.8, large clinical relevance) [24], and kurtosis (k)
analysis was performed to assess data variability. The
data were analysed with the IBM SPSS Statistics® ver-
sion 21 and Prism 7 software.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the au-
thors’ institutional review board.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

A total of 20 patients were recruited, and 7 were
included in this study (Figure 3).

The convenience sample was composed of 7 indi-
viduals with stroke (Table 1).

There was a significant reduction in CRT for the
unaffected side in the ipsilateral space after training
(mean difference [MD]: -0.048; CI: -0.096 to -0.011;
p = 0.041). There was no significant difference in CRT
for the affected side in the ipsilateral space after train-

24

20 patients

Exclusion criteria
— Modified Ashworth Scale > +1 (n = 6)
— Fugl-Meyer Score < 30 (n = 4)

— Mini Mental State Examination < 20 points
for individuals with 1-4 years of education (n = 2)

— Mini Mental State Examination < 25 points
for individuals with 5-8 years of education (n = 0)

— Mini Mental State Examination < 26.5 points
for individuals with 9—11 years of education (n = 1)

— Mini Mental State Examination < 29 points
for individuals with > 11 years of education (n = 0)

\4

7 patients

After intervention

A4

Figure 3. Flowchart diagram

7 patients

Table 1. Experimental group characteristics

Variables Value
Gender'
Female 2
Male 5
Age? (years) 63.14 + 3.48
Type of stroke’
Ischemic 6
Haemorrhagic 1

Time of stroke? (days) 224.43 +111.25

Upper limb affected"

Right 3

Left 4
Mini Mental State Examination® 23.71 £5.17
Fugl-Meyer Scale® 121.14 = 8.04
Ashworth? (scores: 1/0) 2/5

1 - number of participants

2 - mean * standard deviation

3 - ratio between the number of participants with score
1and 0
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Figure 4. Choice reaction time before and after training
for the affected and unaffected sides in the ipsilateral
space
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Figure 5. Choice reaction time before and after training
for the affected and unaffected sides in the contralateral
space

ing (MD: -0.239; CI: -0.510 to 0.03; p = 0.074) (Fig-
ure 4), but Cohen’s d test showed high clinical relevance
(d = 1.31) in this condition. CRT variability decreased
on both sides in the ipsilateral space: kycfore = 2.19 and
K.ger = 0.26 for the unaffected side; kyefore = —1.98 and
Kaper = —0.29 for the affected side.

There was no significant difference in CRT values
for both limbs in the contralateral space (MD: 0.04;
CIL: -0.06 to 0.159; p = 0.310) and the ipsilateral space
(MD: -0.07; CI: -0.248 to 0.104; p = 0.347) (Figure 5).
Cohen’s d test showed moderate clinical relevance
(d = 0.60) for the reduction in CRT on the affected side
in the contralateral space. CRT variability values for the
unaffected side were Kkprore = 1.16 and kg, = -2.55,
and the variability decreased on the affected side in
the contralateral space (Kpefore = 4.30 and kg, = 2.11).

Discussion

The main findings of the present study were as fol-
lows: (1) In the ipsilateral space, differences in the vis-
ual CRT values of the unaffected side were observed
before and after training; although the differences
were not statistically significant, a high clinical rele-
vance was determined in this condition. (2) In the con-
tralateral space, a moderate clinical relevance was indi-
cated in the visual CRT values of the affected and
unaffected sides.

De Paiva Silva et al. [25] highlighted that move-
ment direction influenced both movement planning
and execution. Reaching over the midline and the pres-
ence of a choice increased the complexity of the task.
Such complexity needs to be considered during the
evaluation and training of individuals after stroke [26].

Why did the visual CRT values for the unaffected
limb decrease after a single session in the ipsilateral
space but not in the contralateral space? The medians
of the visual CRT for both sides were similar, but there
was greater variability before training for the unaffected
limb. After visual CRT treatment, the variability of the
visual CRT values decreased, which could contribute
to the high clinical relevance. The visual CRT for the
unaffected limbs can be similar to thatin healthy limbs
despite the number of non-crossing motor fibres in the
motor cortex [27]. The visual CRT reduction can be
explained by enhanced cognitive activity during ran-
dom practice, higher engagement in inter-task elabo-
rative processing, and the need to reconstruct an ac-
tion plan after each trial [28].

A single training session cannot be sufficient to re-
duce visual CRT in complex tasks, such as reaching in
the contralateral space. In our study, visual CRT was
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bigger during reaching in the contralateral space, with
higher variability. This finding supports the hypothe-
sis that contralateral movements are more complex and
thus lead to longer CRTs owing to the greater need for
spatial orientation, body scheme development, and bi-
lateral coordination [29-31].

Klapp [32] suggested that planning took longer for
more complex movements, which is reflected in CRT.
Therefore, it seems impossible to change visual CRT
in the contralateral space during explicit tasks with
only a single session [32]; however, in another study
that used a single session, the authors observed that
individuals were able to learn an implicit motor task,
with a decrease in reaction time [8]. After practice, im-
plicit motor learning is evidenced by the fact that par-
ticipants generally respond significantly faster to se-
quenced stimuli than to randomly presented ones,
without being able to explicitly recall or recognize this
learned sequence [33]. The length and intensity of
the treatments reported in the literature were not de-
fined [13]. Studies have shown that one session can
promote improvement in the motor system. For exam-
ple, high-intensity training can increase motor learn-
ing and prehension ability after stroke [34].

Considering these interesting findings in this proof
of concept, we emphasize the importance of a large
sample size and a visual CRT test after 24 hours of
training. This study brings an important contribution
to research on rehabilitation after stroke, which may
infer that a random and distributed single training
session reduces visual CRT in the ipsilateral space at
the unaffected side, but the data of clinical relevance
showed also visual CRT reduction in the contralateral
space at the affected side. These findings must be rein-
forced through multicentre randomized clinical trials
to explore not only the performance, but also the learn-
ing effects after visual CRT training.

Conclusions

Visual CRT decreases on the unaffected side in ip-
silateral space after a single CRT training session in
individuals after a mild stroke.
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