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Abstract

Background: Multiple sclerosis (MS) is the most widespread disabling neurological
condition in young adults around the world. The purpose of this study was to investigate the
impact of explicit information (EI) on motor-sequence learning in MS patients.

Methods: Thirty patients with relapsing-remitting MS (RRMS), age: 29.5 (SD = 5.6)
years and 30 healthy gender-, age-, and education-matched control group participants, age: 28.8
(SD = 6.0) years, were recruited for this study. The participants in the healthy group were then
randomly assigned into an EI (n = 15) group and a no-EI (n = 15) group. Similarly, the participants
in the control group were then randomly assigned into EI (n = 15) and no-EI (n = 15) groups. The
participants performed a serial reaction time (SRT) task and reaction times. A retention test was
performed after 48 hours.

Results: All participants reduced their reaction times across acquisition (MS group:
46.4 (SD = 3.3) minutes, P < 0.001, and healthy group: 39.4 (SD = 3.3) minutes, P < 0.001). The
findings for the within-participants effect of repeated measures of time were significant (F_ .
2837 = 71:33. P < 0.001). These results indicate that the interaction between group and time was

significant (F  ..,., = 6.44. P < 0.001), which indicated that the reaction time in both groups
was significantly changed between the MS and healthy groups across times (B1 to B10). The main
effect of the group (MS and healthy) (F = 22.78. P < 0.001) and also the main effect of no-EI vs

EI (F

(1, 56)

.56 = 4-71. P < 0.001) were significant.
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Conclusion: This study demonstrated that that RRMS patients are capable of learning
new skills, but the provision of EI prior to physical practice is deleterious to implicit learning.
It is sufficient to educate MS patients on the aim and general content of the training and only to
provide feedback at the end of the rehabilitative session.

Keywords: motor learning, motor task, neurological disease, serial reaction time task, multiple sclerosis

Introduction

Multiple sclerosis (MS) is the most common
inflammatory demyelinating disease of the
central nervous system in young adults and
is usually diagnosed in individuals between
the ages of 20 and 40 years. This disease is
almost twice as common in women as in men.
MS affects 2.5 million persons worldwide and
approximately 350,000 Americans with as many
as 300 persons being diagnosed each week (2, 4).

The onset of the disease at a young age
causes long-term disability and significant
psychological problems for the patients and their
families (5). This early onset also results in an
increased need to provide appropriate treatment
and rehabilitation techniques to reduce disability
and improve one’s quality of life (5-7).

A wide range of rehabilitative approaches
have been employed to reduce disability
and improve one’s quality of life (1). These
approaches range from more traditional
strategies to newer techniques emphasising the
learning and practice of functional motor skills
(1, 8-9), as it has been found that practice is
critical for mastery of motor skills (10). In this
approach, the rehabilitation therapist acts as a
facilitator, using many kinds of techniques such
as instructions, physical or verbal guidance, and
feedback to improve learning (11). Rehabilitation
therapists use these instructions to guide their
patients toward an optimal motor solution
(12). As such, rehabilitation therapists dedicate
considerable  therapeutic time providing
instruction to patients. However, regardless of
the enormous amount of effort and time devoted
to training individuals throughout rehabilitation,
there are not many studies that have considered
the effect of explicit information (EI) on the
neurologic patients’ implicit learning (4, 10).
In addition, to date, there has been no general
agreement on how implicit motor skill learning
is supported by instructions of verbal EI in any
population.

There are two main types of learning:
implicit and explicit. Explicit learning deals
with knowledge of facts, events, and episodes
and may be formed very quickly (even in one
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exposure) and is directly accessible to conscious
recollection (7). In turn, implicit learning is
the capacity to acquire motor learning through
physical practice and is not directly accessible
to conscious recollection (13—16). One of the
most common paradigms used to study implicit
learning is serial reaction time (SRT) tasks (17).
SRT tasks have both perceptual and motor
learning components and require an individual
to respond to a stimulus with a motor response
(18—21).

The influence of EI on implicit learning
has been disparately reported in the literature
(12, 22—27). The experimental data are rather
controversial in that some investigators report
the beneficial effects of EI on implicit motor
learning (12, 24, 26), while other studies show
detrimental effects (22-23, 27). However, it
seems that these contradictory findings may
result from combined factors, such as task
differences, type, timing and salience of EI, and
personal characteristics (27).

Some studies suggest that explicit learning
has a detrimental effect on implicit learning
when cognitive capacity and working memory
are reduced, such as in a cerebral vascular
accident or healthy aged participants (27-29).
These studies imply that simple practice without
instruction and with general performance
feedback, as opposed to explicit instruction,
may lead to more efficient performance. This
explanation could have direct implications for
instructional techniques in applied settings (23).
Studies in MS patients suggest that the ability
of MS patients to learn motor skills is partially
preserved (30—31). However, the impact of EI on
implicit learning in this population has not been
considered in any studies.

As such, the purpose of this study was to
investigate the impact of EI on motor-sequence
learning in MS patients. It compared the effect
of simple non-instructed practice of repeated
sequences with general performance feedback
and explicit instruction on motor-sequence
learning in MS patients.
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Materials and Methods

Selection and description of participants

Thirty MS patients and 30 healthy people
as the control group were recruited (Table 1).
The participants in the healthy group were then
randomly assigned into an EI (n = 15) group and
a no-EI (n = 15) group. Similarly, the participants
in the control group were then randomly
assigned into EI (n = 15) and no-EI (n = 15)
groups.

To determine the sample size, the following
formula was used (33):

2 atZi)® .
(1 d2 111) ng

In the formula, n represented the sample
size (each group). Zi-a/2 represented the
value from the standard normal distribution
(P < 0.05) that was equal to 1.960. Z1-f =
1-p was the selected power. With a power
of 80, it equaled 0.84. 02 was the standard
deviation of the outcome in prior studies
and was thus 2. d was the standard deviation
of the difference in the outcome (e.g., the
difference based on measurements over time
or the difference between matched pairs)
and was 1. Therefore, the intervention and

n=

Table 1. Participants demographics (N = 60)

Variables

control groups were calculated as follows:
n =2(1.96+0.84)* x 2 / 1= 31.36 =30

The eligibility criteria for participants
with MS included: patients affected by definite
relapsing-remitting multiple sclerosis who were
in a stable phase of the disease, without relapses
in the last three months, and younger than 60
years of age. All participants included in this
study were right-handed.

Exclusion criteria for all participants were:
visual impairment, cerebellar manifestation
(e.g., gait ataxia, nystagmus, tremor), other
neurological, psychiatric, severe general disease
or alcoholism, mini-mental state examination
(MMSE) < 21, treatment with high-dose methyl
prednisolone within the last four weeks, current
antipsychotic  or antiepileptic = medication
(except long duration previous usage of anti-
depressive and anxiolytic drugs), and the recent
introduction of psychoactive drugs.

The study was approved by the Institutional
Review Boards of the University of Social
Welfare and Rehabilitation Science (USWRS),
Iran, and written informed consent was obtained
from all participants. The study was conducted
in the USWRS physiotherapy clinic, located in
Tehran from September 2011 to May 2012. The
study was conducted according to the principles
of the Declaration of Helsinki.

MS Group (n = 30) Control Group (n = 30)

n (%) n (%)

Age (years)? 29.5(5.6) 28.8(6.0) 29.1(5.9)
Gender Male 6 (20.0) 6 (20.0) 12 (20.0)
Female 24 (80.0) 24 (80.0) 48(80.0)

EDSSP 1.5(0.4) - 1.5(0.4)
MS¢ Duration 64.4(48.4) - 64.4(48.4)

(months)
“Mean (SD)

"Expanded disability status scale
°MS: multiple sclerosis
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Procedures

All participants performed the SRT task.
In this task, four squares with different colours
(vellow, red, blue, and green) appeared on
the computer monitor placed directly in front
of each participant. The participants were
required to press the keys on a keyboard that
were colour-coded yellow, red, green, or blue,
corresponding to the appropriately coloured
square immediately after observing it. Only one
coloured square appeared at a time. Once the
correct key was pressed, the next coloured square
appeared. The coloured square remained on the
screen until the correct selection was made. After
every key press, time data (reaction time (RT))
were stored.

This test consisted of two types of
sequences: repeating and random. Repeating
sequences consisted of a pattern appearing in an
ordered manner (Blue-Yellow-Red-Blue-Green-
Yellow-Blue-Red-Yellow-Green), while random
sequences consisted of a pattern appearing
in an unordered manner. To familiarise the
participants with the test, a block of random
sequences was performed (1 block = 10
sequence = 100 trials). The main test consisted
of two sequence blocks, one random block, two
sequence blocks, one random block, and two
sequence blocks. After 48 hours, the test was
repeated to determine retention. The retention
test consisted of two sequence blocks. Each block
of reactions consisted of 10 sequences of 10 trials
each. When each block of reactions ended, a 1—2
minute rest period was provided. Participants
were instructed to respond as fast and accurately
as possible. To ensure random concealment,
EI about sequence patterns was randomly
given to 30 participants (EI group), whereas
30 participants were unaware of the sequences
before the test (no-EI group). Randomisation
was ensured by the principal investigator using
a random numbers table. This ensured the
blinding of the participants.

In the EI groups, the tester orally provided
as many repetitions of the instructions as
necessary and asked participants to complete
verbal recalls of the repeating sequence. The
recall was judged complete if the repeated
sequence was identified by the participants well
enough. As such, all participants in this group
were given intentional instructions and full
explicit knowledge of the pattern prior to the test.
For the no-EI groups, following their intentional
test on day two, an interview was performed to
assess subjective explicit awareness by asking
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participants if they had ever noticed a pattern.
In addition, recall was determined by asking
participants to complete a four-element fragment
of the sequence by filling in one blank colour
with one of four colour choices. If they were
unsure, participants were encouraged to make
their best guess. A participant was excluded from
the test if he/she could recognise and recall.
The technician that conducted this aspect of
the test was blinded to the group allocation of
participants.

Statistical analysis

Statistical analysis was done with the
Statistical Product and Service Solutions (SPSS)
software (IBM SPSS Statistics 21.0), with the

significance level fixed at P < 0.05. For the SRT
task, the primary outcome measure was reaction
time (RT; reaction plus movement time), which
was calculated as the time between the stimulus
onset to the completion of the reaction. The RT
was stored for each trial.

The median RT was calculated for each
10-element sequence trial. The calculation
of median RT values for each sequence trial
reduced the sensitivity of the measure to very
large or very small values. RTs were then
summarised by calculating the mean and median
for each block of reactions. This procedure
was performed for both random and repeated
sequences and represented the absolute RT.
Then, sequence learning (SL) was calculated as
the difference in RT between the first (B1) and
the last block (B10o) {B1-Bio} subtracting the
component due to non-specific learning (SL=
(S1-S10)-(R2-R4)) and in this formula, the
sequence block was shown by “S” and random
block was shown by “R.”

To assess differences in the initial
performance between the two groups, Student’s
t-tests were performed on RT in B1 (baseline).
Then, to evaluate the dynamics of the explicit
sequence learning process, a two-way repeated
measures ANOVA (RM-ANOVA) was performed
on the RT using the healthy factor group
(patient with MS and controls) and learning
group (EI and no-EI groups) as the between-
participants factor and block (B1-B1o) as
the within-participants factor. To evaluate
sequence learning and the effect of EI, student’s
t-tests were used between the two groups and
subgroups. Alpha levels were set at P < 0.05 for
statistical significance.

The participants completed all components
necessary for the data analyses, thus
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demonstrating 100% compliance. None of the
participants suffered from any deleterious effects
as a result of the experiment.

Results

The RM-ANOVA was applied to assess
whether there were group (MS and healthy)
and time differences in the RT in both no-EI (n
= 30) and EI (n = 30). Mauchly’s test was used
to evaluate the sphericity assumption, and the
results showed that the sphericity assumption
for the RT was violated (32 = 216.125,
P < 0.01). Therefore, the F-value was adjusted by
a Greenhouse-Geisser correction.

The findings for the within-participants
effect of repeated measures of time were

Table 2. Estimated marginal means of reaction times (in milliseconds) in MS and Healthy groups (N=60)

for two explicit-learning conditions

significant (F (506, 2837 = 71.33- P < o0.001
M = 0.560). These results indicate that the
interaction between group and time was
significant (F (06, 283, = 0-44. P < o0.001
12 = 0.103), which indicated that the RT in both
groups was significantly changed between the
MS and healthy groups across times (B1 to
B10). The main effect of group (MS and healthy)
(F(l’ . = 2278. P < 0.001. 1= 0.289) and
the main effect of non-EI vs EI (F_ o = 4.71.
P < 0.001. 2= 0.078) were significant.

To test the related hypothesis, a post-hoc
test (Bonferroni) was applied to compare the
mean scores (Table 2—5). The data demonstrated
that in this study all participants could reduce
their RTs across this task.

No-EI*
Mean (95% CI)

EI®
Mean (95% CI)

MSe¢ (n = 30) B1
B2

B3

B4

Bs

B6

B7

B8

Bg

Bio

Healthy (n = 30) B1
B2

B3

B4

Bs

B6

B7

B8

Bg

Bio

174.4(154.4,194.4)
155.1(138.2,172.0)
155.1(142.3,168.1)
144.8(127.8,161.8)
145.3(127.8,162.7)
140.2(127.6,152.8)
137.1(120.2,154.1)
131.6(117.2,146.1)
133.7(120.3,147.0)
128.1(114.6,141.4)
128.5(108.5,148.5)
112.9(96.1,129.8)
124.8(112.0,137.6)
113.9(96.9,130.9)
106.1(88.5,123.5)
117.7(105.1,130.3)
110.1(93.1,127.2)
97.9(83.5,112.3)
95.7(82.4,109.1)
89.1(75.7,102.5)

143.5(123.5,163.5)
132.1(115.2,149.1)
138.8(126.1,151.6)
128.1(111.1,145.1)
119.8(102.3,137.3)
129.2(116.6,141.8)
121.2(104.2,138.2)
120.9(106.5,135.3)
129.7(116.4,143.1)
122.5(109.1,135.9)
130.9(110.9,150.9)
98.6(81.7,115.5)
114.1(101.2,126.8)
90.5(73.5,107.5)
87.9(70.4,105.3)
110.6(98.0,123.2)
83.2(66.2,100.2)
75.9(61.5,90.3)
78.3(64.9,91.6)
70.-4(57.1,83.8)

ANo-EI: No explicit information
YEI: Explicit information
°MS: multiple sclerosis
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Table 3. The pairwise comparisons over time for two explicit-learning conditions (N = 60)

(D time (J) time

Non-EI?

Mean difference

P-value®

EI®

Mean difference

P-value

2
3
4
5
1 6
7
8
9

—
—
o

© 00 N o b~ W

© ® N O U3 O ® N o U A

S v g a0 g BB BB DA W WOWLWRWW W NN NN DNMNDNMNDNDNMNDN
(o)}

(95% CI)
17.4(8.1,26.9)
11.5(-2.5,25.5)
22.1(8.8,35.4)
25.8(13.5,38.1)
22.5(7.4,37.7)
27.8(13.2,42.6)
36.7(23.1,50.4)

36.7(24.3,49.3)
42.9(29.5,56.3)
-5.9(-16.2,4.3)
4.7(-5.2,14.6)
8.4(-1.5,18.3)
5.1(-6.2,16.4)
10.4(-1.1,22.1)
19.3(9.4,29.2)
19.3(9.8,28.9)
25.4(15.5,35.4)
10.6(-0.2,21.4)
14.3(3.4,25.2)
11.0(3.8,18.3)
16.3(5.1,27.7)
25.2(15.3,35.2)
25.2(15.3,35.2)
31.4(21.8,41.1)
3.73(-3.1,-10.6)
0.43(-10.3,11.1)
5.76(-4,15.5)
14.6(5.2,24)
14.6(4.9,24.4)
20.8(11.1,30.5)
-3.3(-14.3,7.7)
2.0(-6.5,10.6)
10.9(1.5,20.3)
10.9(1.3,20.5)
17.0(7.7,26.4)
5.3(-6.7,17.3)
14.2(4.1,24.3)

0.000
0.288
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000
1.000

0.237
1.000

0.135
0.000
0.000
0.000
0.060
0.001
0.000
0.000
0.000
0.000
0.000
1.000
1.000
1.000
0.000
0.000
0.000
1.000
1.000
0.008
0.011
0.000
1.000

0.001

(95% CI)
21.8(12.4,31.3)
10.8(-3.1,24.8)
27.9(14.7,41.2)
33.4(21.1,45.7)
17.3(2.2,32.5)
35.0(20.3,49.7)
38.8(25.1,52.5)
33.2(20.7,45.7)
40.7(27.3,54.2)
-11.1(-21.3,-0.8)

6.1(-3.8,16.1)
11.5(1.6-21.5)
-4.5(-15.8,6.7)
13.1(1.6,24.7)
16.9(7.1,26.8)
11.3(1.8,20.9)
18.9(8.9,28.9)
17.1(6.3,27.9)
22.5(11.7,33.5)
6.5(-0.8,13.8)
24.2(12.8,35.6)
27.9(18.1,37.9)
22.4(12.5,32.3)
29.9(20.3,39.6)
5.5(-1.4,12.3)
-10.1(-21.3,0.1)
7.1(-2.6,16.8)
10.8(1.5,20.3)
5.3(-4.4,15.1)
12.8(3.1,22.5)
-16.1(-27.1,-5.1)
1.6(-6.9,10.2)
5.4(-4.1,14.8)
-0.1(-9.8,9.4)
7.4(-2.1,16.7)
17.7(5.7,29.7)
21.4(11.4,31.6)

0.000
0.447
0.000
0.000
0.010
0.000
0.000
0.000
0.000
0.022
1.000
0.009
1.000
0.011
0.000
0.006
0.000
0.000
0.000
0.147
0.000
0.000
0.000
0.000
0.377
0.056
0.671
0.009
1.000
0.001
0.000
1.000
1.000
1.000
0.403
0.000

0.000

www.mjms.usm.my
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Table 3. (continued)

Non-EI* EI®
Mtime () time Mo difference Mean difference  p.value
6 9 14.2(5.1,23.5) 0.000 15.9(6.6,25.2) 0.000
6 10 20.3(10.4,30.3) 0.000 23.4(13.5,33.4) 0.000
7 8 8.8(0.7,17.1) 0.021 3.8(-4.4,12.1) 1.000
7 9 8.9(-1.6,19.4) 0.232 -1.8(-12.3,8.7) 1.000
7 10 15.0(5.8,24.3) 0.000 5.7(-3.5-15) 1.000
8 9 0.1(-5.9,5.9) 1.000 -5.5(-11.5,0.3) 0.089
8 10 6.2(1.3,11) 0.002 1.9(-2.9,6.8) 1.000
9 10 6.1(2.1,10.2) 0.000 7.5(3.4,11.6) 0.000

aNo-EI: No explicit information
PEI: Explicit information

°The mean difference is significant at the P < 05 level. Adjustment for multiple comparisons: Bonferroni.

Discussion

This study found that all the participants
could reduce their RTs across acquisition. EI
disrupted implicit learning in MS patients, but
the control participants’ learning was facilitated
in the EI group. RRMS patients are capable
of learning new skills, but the provision of
EI prior to the physical practice of repeated
sequences is deleterious to implicit learning. This
study’s results showed that during acquisition
performance, MS patients were not able to
make use of EI in the EI group. The participants
established poorer SRT task learning than MS
patients in the no-EI group.

Rao et al. reported that motor slowing is
not the only factor responsible for a reaction
delay, suggesting an associated cognitive slowing
(34). In turn, Stoquart-Elsankari (35) showed
that the action slowing of MS patients is mainly
related to attentional deficit and subtle motor
slowness. Stoquart-Elsankari’s study showed that
MS patients are unable to maintain high levels
of rapid actions (attentional deficit). Stoquart-
Elsankari’s study also observed this slowness
even in patients without motor deficits on clinical
examination. Following this result, Stoquart-
Elsankari (35) proposed subtle motor slowing
in these patients as a reason for the findings.
The relationship between reaction lengthening
and attention disorders remains unclear,
although both are frequently associated (36). In
general, several factors, such as motor slowing,
perceptual, attentional and cognitive deficits, and

overall mental slowing, may account for reaction
slowing. However, these mechanisms influence
the pattern of impairment in different ways (36).

The present results showed that
the sampled RRMS patients were able to
significantly reduce RT values with sequence
repetition during an SRT task, indicating the
capability of motor learning in MS patients.
However, the improvement observed was
significantly lower than in the control group.
This finding is in agreement with the results of
Tomassini et al. (31) and Stoquart-Elsankari (35)
indicating that motor skill learning is partially
preserved in MS patients.

An interesting finding of the present study
was that the provision of EI to MS patients and
control group participants resulted in opposite
effects. In this regard, EI facilitated implicit
learning in the control participants in the EI
group, as evidenced by the larger decreases in RT
compared to the control participants in the no-EI
group and MS patients in both the EI and no-EI
groups. This study’s beneficial effect of EI on the
participants’ acquisition performance without
neurologic damage is in agreement with previous
findings (12, 24, 26). However, other studies
do exist that have not found improved implicit
learning with prior explicit knowledge (22-23,
25). Green and Flowers (22—23) found that
instructions prior to practice reduced implicit
learning on a computer-simulated probabilistic
catching task. Green and Flowers (22—23)
propose that EI had a particular interference
effect on performance. However, the level of task

www.mjms.usm.my
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complexity may explain the differences in studies
that have not found improved implicit learning
with prior explicit knowledge.

Another explanation for the differences in
studies that have and have not found improved
implicit learning with prior explicit knowledge
might be due to prior explicit knowledge
facilitating implicit learning only when the
instructions being learned are relatively simple.
Our findings contradict with the results shown
in previous work by Reber and Squire (25) in
that their study did not find a benefit for EI
provided to healthy participants before SRT
task practice. It seems this difference may be
due to the failure of Reber and Squire (25) to
ensure that participants gained some degree
of EI of the sequence before practice. In their
study, investigators had participants only watch
the repeating sequence and with this method,
provided EI. This form of EI likely lacked
salience and interest for participants, which
could have prevented them from using it. In turn,
the present study gave a verbal explanation about
the repeating pattern in EI groups, followed by a
request to the participants to recall and recognise
the repeated sequence prior to practice.

This study’s results showed that during
acquisition performance, MS patients were not
able to make use of EI in the EI group. In fact,
they established poorer SRT task learning than
MS patients in the no-EI group. This pattern
suggests an interference effect of EI on implicit
motor-sequence learning. As such, it appears
that in MS patients, EI is less helpful in the
development of a motor plan than is discovering
a motor solution using the implicit system alone.

Explicit sequence learning is based
on the conscious recollection of previous
experiences and can occur when EI is provided
for participants followed by a request for them
to recognise and then recall a test sequence.
This process has been shown to activate the
front parietal network in both contralateral and
ipsilateral hemispheres (37—40) and enhance
the connection between the front parietal circuits
of the left and right hemispheres, as established
by intra-hemispheric white matter pathways,
such as the left and right superior longitudinal
fasciculus (SLF). Thus, these intra-hemispheric
connections and the main inter-hemispheric
connection in the brain linking homologous
areas the two hemispheres, i.e., the corpus
callosum (CC), has a role in this process. It is
essential to note that pathological damage in
both SLF and CC has been demonstrated to occur
in MS patients (30).
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Moreover, the learning impairment
observed in these patients could also be due
to the slowed information processing (41) and
impaired working memory capacity (42), which
can be related to alterations in the functional
connectivity patterns involving different neural
networks (43—45). Changes in brain connectivity
in MS patients have been shown by diffusion
tensor imaging in full (DTI)-based fiber tracking
(46—47) and functional magnetic resonance
imaging (MRI) (43, 48—49).

It can also be assumed that EI places an
increased demand on the central executive
system (CES). The role of this system in
working memory is remarkable during cognitive
challenges since the CES is responsible for
allocating appropriate attentional resources.
Researchers such as D’Esposito et al. (50)
conclude that MS patients have a working
memory deficit and that impairments in
the speed of information processing reflect
an impaired CES. As such, any reduction
in performance observed during explicit
learning reflects the inability of the CES to
allocate sufficient attentional resources to
support accurate performance. Additional
research has also postulated that working
memory impairments in MS may also be due to
impairments in the speed and capacity of central
information processing (51).

Of course, the theory of plasticity and
the results of Tomassini et al. (31) should
be considered when selecting appropriate
therapeutic approaches for motor-sequence
learning in MS patients. These researchers
concluded that the learning of new motor skills
stimulates mechanisms of brain plasticity,
and this factor provides a background for the
recovery of function of MS patients. Accordingly,
if the MS patients in the present study had
received more practice, there may be an
enhanced learning effect.

Another important finding was that the
control and MS patients in the no-EI group did
equally well in their acquisition of learning,
although the MS patients performed this task
slower than the control group. Moreover, it
should be noted that implicit memory is more
stable against the change of task (52) and this
stability can help to ensure learning.

This study was not able to control the
degree of depression and visual impairment in
patients with MS, which could have affected the
reactions. The generalisability of this study is
reduced by the inclusion of only one type of MS
(relapse-remitting).
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Conclusion

The present study’s results indicate that
RRMS patients are capable of learning new
skills. However, the present study proposes that
EI prior to physical practice is deleterious to
implicit learning in MS patients. These results
suggest that when selecting an appropriate
therapeutic approach in rehabilitation protocols,
it is sufficient to educate MS patients on the aim
and general content of the training and provide
feedback only at the end of a rehabilitative
session.
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