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Article history: Background: The use of the inter-limb transfer mechanism in the rehabilitation of Multiple sclerosis

Received: 2023/04/24 (MS) patients is unclear. This study aimed to investigate the effect of non-dominant hand training on
motor function and dual-task cost in MS patients. Methods: 22 women with a mean age of 44.09 + 7.26
years and the Expanded Disability Status Scale (EDSS) 3.83 + 0.76 were randomly divided into control
(n=11) and experimental (n=11) groups. Nine Hole Peg Test (NHPT), Box and Block Test (BBT), and
Dual-Task Cost test (DTC) took as pre-tests from the participants. Post-test was taken 24 hours after the
Keywords: last intervention session and the retention test one week later. Results: The results showed that the motor
function (NHPT and BBT) of the experimental group improved in both dominant and non-dominant
hands (P<0.05). However, a significant decrease was observed in both dominant and non-dominant hands
in the control group for NHPT and BBT (P< 0.05). Also, the experimental group had a lower Dual-Task
Cost than the control (P < 0.001) in the post-test. Conclusion: According to the results, inter-limb transfer
mechanisms can be used in the rehabilitation of MS patients in both motor and cognitive dimensions.
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1. Introduction

ultiple sclerosis (MS) is a chronic

inflammatory  and  neurodegenerative

immune-mediated disease of the central

nervous system (CNS) that affects most

middle-aged men and women in the

busiest years of their lives and career

advancement. As the disease progresses,

physical and mental disorders cause

problems such as fatigue, weakness of the

limbs, altered motor coordination of the

upper limbs, and fine movements (Lamers et al., 2016). Upper
extremity dysfunction may be present in 80% of people with MS
(Kraft et al., 2014). A review of the findings shows that different
upper limb rehabilitation strategies all improve, but research should
move towards comparing them and choosing the most appropriate
method (Lamers et al., 2016). Two general issues can be seen in
previous studies for upper limb rehabilitation; First, the nature of the
training is considered to be increasing, which has recently been
enhanced by robots and virtual reality and computer training, which
have generally seen improvements (Bonanno et al., 2019; Cuesta-
Gomez et al., 2020; Jonsdottir et al., 2019). However, for MS
patients, the availability of these exercises and the possibility of
performing them easily is an issue that can be problematic for MS
patients. The second is related to the intervention results; most
studies have reported performance improvements only in the trained
hand; while, most Activities of daily life (ADL) are done in two
hands (Yang et al.,, 2021). This issue is crucial due to the

Hemispheric Asymmetry Reduction in Older Adults (HAROLD)
(Cabezaetal., 2002). Neuroscientists use the term HAROLD for this
phenomenon, and reduce the difference between dominant and non-
dominant hands in terms of power, accessibility, targeting, and
accuracy (Cabeza et al., 2002), increasing age in these patients,
becomes especially important. According to the neurogenic view
(Hill et al., 2020), it seems that effective rehabilitation methods
should seek to increase upper limb function in both hands.

One of the mechanisms that lead to improved function in both the
limbs is inter-limb transfer mechanisms (de Oliveira et al., 2013). In
the arguments of inter-limb transfer, the results of recent findings
showed that task training with the non-dominant hand (N-DH) is
well transferred to the dominant hand (DH) and the direction of
transfer from the N-DH to DH is greater than the DH to the N-DH
(De Almeida Batista et al., 2017; Tilsley et al.,2021; Xiao et al.,
2020). In general, DH change creates plasticity mechanisms that
lead to the reorganization of specific brain areas (Nicholls et al.,
2010).

Generally, when performing multiple tasks, there is ample
evidence that individuals with cognitive-motor interference (CMI)
develop (Shumway-Cook & Woollacott, 2001). In particular, CMI
refers to cognitive, motor function defects or both when performed
concurrently compared to when performed in isolation. These
changes are quantified by the difference in performance between
dual-task and single-task conditions, known as dual-task cost (DTC)
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(Wajda et al., 2016). MS patients have been hypothesized to have
higher DTC (Lemmens et al., 2018). Research has shown that these
changes are related to the degree of disability (Sosnoff et al., 2011),
gait, and cognitive function in MS patients (Motl et al., 2014). The
results of studies show that gait performance in MS patients is
significantly reduced in the presence of dual-task (Motl et al., 2014;
Raats et al., 2019). Also, some gait studies have analyzed the
movements, patterns, and functions of the upper extremity segments
in normal gait (Carmo et al., 2012) and showed upper limb
movements help maintain balance (Kavanagh et al., 2004) in normal
gait. Studies showed that children with diplegic and hemiplegic
cerebral palsy adopt specific arm postures related to their gait
instability (Meyns et al., 2012). In hemiplegic CP, the unaffected
arm seemed to contribute more to COM deceleration during (pre)
swing, while the affected side contributed to COM acceleration
(Meyns et al., 2017). Improved upper extremity function may
positively change the phasing relationship between the arms and
legs in gait (Jongen et al., 2012). It has been suggested that
cognitive-behavioral therapy programs, exercise, and education can
be used in this direction (Jongen et al., 2012).

Given the above, the authors of this study seek to answer two
questions 1) Does non-dominant hand training improve motor
functions in the DH in MS patients? In this study, considering the
importance of improving function in both upper limbs for functional
independence and ADL in MS patients, it is expected that N-DH
training will lead to DH transfer according to the predictions of
inter-limb transfer. 2) Does non-dominant hand training reduce CM|
in these patients? Given the simultaneously cognitive and motor
needs of most ADLs and because practice interventions with levels
of task difficulty lead to task-related adaptations (Zimmer, Javelle,
& Lampit, 2021), we are expected that challenges reduce the CMI,
which the DTC will measure, by practicing the non-dominant hand
and the resulting increased attention needs. The authors also answer
this question based on the results that confirm the effect of upper
limb function on gait, hypothesizing that improved upper limb
function can lead to improved gait function and ultimately lower
DTC during gait.

2. Materials and Methods
2.1. Participants

Participant flow through the study is presented in Fig. 1.
Participants were female MS patients of Fars’s Association with a
mean age (44.09 + 7.26) years and Expanded Disability Status Scale
(EDSS) EDSS (3.83 +0.76) and disease duration (10.93 + 2.02) who
were voluntary and after completing the informed consent form. The
number of samples was determined 22 subjects using G-Power
software for Mixed Analysis of Variance with a test power of 0.85,
an effect size of 0.3, and an alpha level of 0.05. Finally, 22
participants were selected by simple random sampling, and divided
into two control (n= 11) and experimental (n= 11) groups. At the
entrance stage of the study, all participants received the Mini Mental
State Exam (MMSE) dementia test, upper limb physical

examination, active and inactive range of motion test, and Annett's
handedness questionnaire.

2.2. Task and apparatuses
2.2.1. Nine Hole Peg Test (NHPT)

The test consists of a plastic console with pegs on one side and
holes for each peg. From the time the participant touches the first
peg to the time the last peg is inserted into the hole, time is
calculated. Participants made a practice trial before performing the
test, and in the main test conditions, two trials were made for each
DH and N-DH, and the average of these two trials was used in the
analysis (Grice et al., 2003). This test has validity and reliability for
people with MS (Johansson et al., 2012; Jonsdottir et al., 2019).

2.2.2. Box and Block Test (BBT)

The test is performed so that the participant sits facing a
rectangular box that is divided into two square compartments of
equal size using a wall. One hundred and fifty 2.5 cm wooden blocks
are placed in one of the compartments. The person is obliged to
move the blocks one by one to the other side within 1 minute. To
score each block, the patient's hand must cross the wall. Better
performance is shown by moving more blocks. The validity and
reliability of BBT are excellent for MS patients (Desrosiers et al.,
1994).

2.2.3. Dual-Task Cost (DTC)

The DTC calculated as the difference between the scores of dual
and single-task conditions. To measure the DTC, we use the Timed
Up and Go test (TUG) in two conditions: walking without a
secondary task (ST) and walking with a secondary cognitive task
(DT) (which in this study, the subjects counted three digits back
from the number 100) were used. The DTC was calculated using the
following formula (Brustio et al., 2018):

Formula 1. (Single-task performance — dual-task performance)/ (single-task
performance) x 100

2.2.4. Jebsen Hand Function Test (JHFT)

This test evaluates the function of the upper extremities and
assesses fine and gross motor skills, weighted and non-weighted
hand function activities during the performance of activities of daily
living in neurological patients. The JHFT consists of 7 items that
measure: (a) fine motor skills, (b) weighted functional tasks, and (c)
non-weighted functional tasks. These items include: writing a short
sentence (24 letters, 3rd-grade reading difficulty), turning over a 3x5
inch card, picking up small everyday objects, simulated feeding,
stacking checkers, picking up large light cans, and picking up large,
heavy cans (Schaefer et al., 2018).
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Figure. 1. CONSORT diagram

2.6. Procedure

The study received an  ethics code  number
IR.SSRC.REC.1400.028 from the Research Ethics Committees of
Sport Sciences Research Institute (SSRI). Participants completed
and signed an informed consent form to participate in the study.
Then, participants were randomly divided into experimental and
control groups. The participants took NHPT, BBT, and DTC tests in
the pre-test. In the intervention phase, the experimental group
performed 16 supervised sessions (4 times a week) of rehabilitation
training taken from the JHFT with the N-DH. Each session consisted
of 3 practice sets. In each set, each training was performed for 45
seconds. There were 30 seconds between each workout and 5
minutes between each set. We changed the volume and intensity of
the exercise by asking patients and reporting their condition.
Therefore, the duration of each training session was between 30 and
60 minutes. It changed progressively from the beginning to the end
of the training period. The control group did not undergo any
intervention during the intervention and went about their daily lives.
In the post-test phase, which was 24 hours after the last training
session, the tests were taken similar to the pre-test phase, and the

delayed retention test was taken from the participants a week later.
All tests were performed by an examiner unaware of the purpose of
the study before and after 16 training sessions.

2.7. Data Analysis

First, we used the Shapiro-Wilk test to check the normality of data
distribution and the Leven test to check the homogeneity of
variances. In each of the functional variable's HPT, BBT, and DTC,
2 (group) in 3 (test) mixed ANOVA were used. Pairwise
comparisons were performed with Bonferroni modification using
syntax at the significance level of P<.05. Data analysis was
performed by SPSS25 software, and Excel16 software was used to
draw the graphs.

3. Results

The descriptive information for the research variables in different
stages (pre-test, post-test, and retention) is shown in Table 1.
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Table 1.
Mean = SD of variables
. Hand M+ SD
Variable Group Performance Pre test Post test Retention
Experimental 1 DH 25.72+1.50 2297 +1.57 22.89+2.72
NHPT N-DH 30.10£5.72 27.66 + 4.98 26.47 +4.97
(s) Control 1 DH 27.22+4.75 29.26 +£1.35 27.53+5.42
N-DH 31.46 +6.07 35.28 +1.39 35.48 +5.63
Experimental 1 DH 59.9+3.64 66.18 +11.02 67.00 +8.08
BBT (n) N-DH 52.27 + 8.54 61.27 £ 2.40 56.45 + 6.39
Control 1 DH 60.72 + 8.55 58.27 + 6.85 59.18 +8.31
N-DH 50.72 +6.78 45.90+9.1 47.09 + 8.89
DTC (%) Experimental 11 - -26.41 +£11.27 -23.99 +14.17 -25.47 +£10.96
Control 11 - -32.9+9.24 -45.07 + 14.36 -49.27 +19.09
Note: DH= dominant hand; N-DH= non- dominant hand.
3.2.BBT

3.1. NHPT

There was no significant difference between groups in NHPT
pretest none of the DH (F (1, 20) = 0.99, P = 0.31) and N-DH (F (1, 29)
=0.29, P =0.593). The results of Mixed ANOVA in NHPT showed
that in the DH, the main effect of the test (F (240~ 4.16, P = 0.023,
n2P = 0.172), group (F (20 = 7.51, P = 0.013, n2P = 0.273) and
interaction test * group (F240= 14.58, P < 0.001, n2P = 0.422), and
in the N-DH, the main effect of the group (F(1.0= 7.52, P = 0.013,
12P = 0.273) and interaction test*group (F(240= 25.19, P <0.001,
Nn2P = 0.558) was significant, but the main effect of test was no
significant (F(2.40= 0.76, P = 0.473, n2P = 0.037).

Within group comparison, the experimental group in the DH
showed the NHPT time significantly reduced from pre-test (25.72 +
1.50) to post-test (22.97 + 1.57; P <0.001), and retention (22.89 +
2.72; P =0.002). Also significant improvement in NHPT time in N-
DH from pre-test (30.10 + 5.72) to post-test (27.66 + 4.98) and
retention (26.47 + 4.97; P = 0.003) was observed in experimental
group. However, in the control group, the NHPT time in the DH had
a significant increase from pre-test (27.22 + 4.75) to post-test (29.26
+1.35; P =0.002).

In between-group comparisons (Figure 2), the experimental group
in the post-test of the DH (P <0.001) and N-DH (P = 0.001) and in
retention of DH (P = 0.02) and N-DH (P =0.001) performed
significantly better than the control group (Figure 2).

In the BBT, the results of the mixed ANOVA showed that in the
DH, the effect of the interaction test * group (F )2,40(= 7.73, P
=0.001, 2P = 0.27) and in the N-DH, the main effect of the group
(F )1, 20(=8.182, P =0.01, n2P = 0.29) and interaction test * group
(F)2,40(= 13.75, P <0.001, n2P = 0.409) were significant; the other
main effect didn’t significant.

In within-group comparisons, in the DH of the experimental
group, significant performance improvement from pre-test (59.9 +
3.64) to post-test (66.18 + 11.02; P =0.015) and retention (67.00 +
8.08; P <0.001) was observed. Also, in N-DH, performance from
pre-test (52.27 + 8.54) to post-test (61.27 + 2.40; P <0.001) had a
significant improvement in experimental group. In contrast, in the
control group, the hand function of N-DH from pre-test (50.72 +
6.78) to post-test (45.90 + 9.1; P = 0.038) had a significant decrease.
The other comparisons did not significant.

In between-group comparisons (Figure 3), the experimental group
in the post-test of N-DH (P < 0.001) and retention of DH (P = 0.037)
and N-DH (P = 0.01) performed significantly better than the control
group (Figure 3).

3.3.DTC

In the DTC variable, the results of mixed ANOVA showed that
only the main effect of the group was significant (F )1,20(= 29.47,
P <0.001, n2P = 0.596) and the experimental group (-25.29%)
showed lower DTC from the control group (-42.42%) (Figure 4).
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4. Discussion and conclusion

MS is an inflammatory disease that destroys the central nervous
system and is associated with an impaired motor function (Bonanno
et al., 2019). This study aimed to evaluate the effect of non-
dominant hand training on motor and cognitive function of MS
patients. The findings of this study showed that training with a non-
dominant can lead to improved motor function in the dominant
hand. The results contradicted the findings inserted in the
intervention of virtual reality games and reported that significant
performance improvement was only on the affected side (Carpinella
et al., 2012; Cuesta-Gomez et al., 2020; Jonsdottir et al., 2019). In
the study of Cuesta-Gémez et al. (2020), participants underwent 20
sessions of 15 minutes of virtual reality games (in addition to their
usual rehabilitation protocols), and observed effects only on the
affected side. The games considered in that research included
playing the piano, reaching, grasping, prehension, and positioning
the page with both hands (Cuesta-Gomez et al., 2020). One of the
limitations of that research is that the considered training is not
easily accessible to patients, which poses many challenges for
people with the disease. In this regard, the results showed that a 16-
session upper limb training session at home improves the motor
function of the trained hand (Ortiz-Rubio et al., 2016).

The present study results showed that inter-limb transfer from N-
DH to DH occurs in MS patients, and the function of untrained hand
movement improves under the influence of trained hands. The
present study's findings are consistent with studies showing that
transfer from the healthy hand to paretic hand occurs during an
NHPT training period in patients with stroke (C. D. Ausenda &
Carnovali, 2011; losa et al., 2013; Xiao et al., 2020). The present
study results also agree with the findings that showed the transfer
from N-DH to DH (De Almeida Batista et al., 2017; Tilsley et al.,
2021). It has been suggested that cognitive involvement
(concentration, attention, and perception) is greater during N-DH
training. When in the transfer situation, the person performs the task
with her DH; due to more cognitive involvement in the training
phase, more transfer to the DH occurs. Complex tasks are also
associated with the activity of the dorsal premotor, motor
supplementary, cerebellum areas as well as the primary motor
cortex; on the other hand, more transfer to the opposite limb with
more activity in similar neural structures (such as the cerebellum and
motor supplementary region) is associated with complex tasks
(Nasios et al., 2020). Thus, despite this overlap in inactive brain
regions, challenging and complex tasks also increase transfer.
Because the progression of MS-related disability can be adjusted by
neuroplasticity, complicated training can be used to delay disease
progression; this causes the brain to reorganize, mainly at the
synaptic level (Nasios et al., 2020). Complex tasks lead to more
cognitive or motor effort and increase neuroplasticity changes
through the cognitive-motor neural network necessary for learning
and transmission (Lefebvre et al., 2015). So, increasing brain
neuroplasticity is the primary goal of all MS disease control methods
that can change the duration of the disease (Nasios et al., 2020).
Therefore, since N-DH training is considered a more complex level
of training than DH training, it is likely to cause more transfer.

At the DTC, the results showed that the experimental group had a
lower DTC than the control group. This finding is consistent with
the results of studies showing that DTC can be improved by training
(Sosnoff et al., 2011). In a way, the DTC improvement may have
occurred due to improved gait performance; because the integration
of the frontal areas related to executive function is necessary for gait
and balance and involves the coordination of different areas in the
hemisphere. The responsibility for this integration lies with the
corpus callosum, which connects the frontal and anterior frontal
cortices in the first place. Therefore, it seems that corpus callosum
function in the neural mechanism of bilateral transfer and more
activity in areas related to complex training and overlapping of those
areas with areas involved in the bilateral transfer, can lead to an
integration of different brain regions and improve gait performance
and reduce DTC. In confirmation of improved gait performance, the

results show that gait performance is correlated with DTC
negatively (Raats et al., 2019). Therefore, lower DTC in the
experimental group can be associated with better gait performance.

On the other hand, the inferior frontal gyrus (IFG) is one of the
main areas of activity of mirror neurons (MN). Since the training
considered in the present study was performed in groups and created
conditions for observational learning and interpersonal interaction,
it may have increased the activity of MN in this area. Activation of
this region in the non-dominant hemisphere recovers words from
long-term memory in patients with brain lesions and even with
language learning disabilities without brain damage (de Oliveira et
al., 2013). Previous findings revealed that hand motor function is
associated with linguistic (Meister et al., 2006) and cognitive
(Carotenuto et al., 2019) abilities. Therefore, the decrease in DTC
may be due to the activity of the IFG area and activation of MN and
occurred as a result of improved hand motor function. Also, in line
with studies that show improved upper limb motor function is
related to gait performance (Kavanagh et al., 2004; Meyns et al.,
2017), the lower DTC of an experimental group than the control
group in gait may be justified by the mediating role of improving
upper limb function.

On the other hand, white and gray cortical lesions in MS patients
have been introduced as one of the pathological causes of cognitive
disorders in MS patients (Nasios et al., 2020) and the results of
studies show that, in general, gait function decreases with atrophy
of white and gray cortex (Wennberg et al., 2017). As a result, the
DTC changes may generally be due to the gray and white cortex
changes.

Finally, it can be briefly stated that according to the results of the
present study, non-dominant hand training resulted in transfer
between the limbs to the dominant hand, as well as improved upper
limb motor function and reduced DTC in MS patients. In addition,
decreased motor function and increased DTC in the control group
indicate that MS, as a progressive disease, requires continuous
rehabilitation programs to control the disease process. Because
disability control is essential in people with MS due to its
relationship with cognitive and motor symptoms, their cognitive and
motor abilities should be considered in rehabilitation programs.
However, the investigation of parameters and gait patterns, such as
step speed and step length that are affected by the secondary task,
has not been considered and is one of the limitations of the present
study. In addition, however, one of the limitations of the present
study is the lack of investigation of structural changes and activity
of different brain parts, which we suggested to researcher study in
future research.
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