
INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory dis-

ease of the central nervous system that leads to the im-
pairment of motor, visual, and cognitive functions [1]. 
The task of improving these functions in individuals with 
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Objective  To assess the influence of cognitive therapy, in combination with cognitive software, on manual 
dexterity in individuals with multiple sclerosis (MS).
Methods  The Nine-Hole Peg Test (NHPT) was used to establish the eligibility of individuals with MS for testing 
and to assess their upper limb performance. In addition to standard upper limb rehabilitation, 20 participants 
received RehaCom-based visual-motor therapy, administered three times a week in 20-minute routines.
Results  A significant relationship was found between the use of manual therapy that utilized the cognitive 
function platform and the improvement of the non-dominant hand (p=0.037). Compared to controls, the 
experimental group scored higher on the NHPT, when using the dominant hand (p=0.007). All members of the 
experimental group, aged ≤60 years, needed considerably less time to do the NHPT with the dominant hand 
(p=0.008). 
Conclusion  Application of manual therapy using the cognitive function platform improves performance of the 
hand. However, further research is needed to analyze the correlation between cognitive function and motor 
performance in patients with MS.
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MS represents one of the greatest challenges of modern 
neurorehabilitation. 

Cognitive impairment, which affects 65% of MS indi-
viduals, and the progressive deterioration of motor skills 
have an adverse effect on quality of life [2]. Impairment 
of cognitive functions such as processing speed, learn-
ing, memory, or executive functions potentiates motor 
deficiency in MS sufferers [3,4]. Limitations in envision-
ing a movement, typical of individuals with MS, results in 
reduced upper limb motor efficiency [5]. These deficits 
can be ameliorated by utilizing motor imagery training, 
which has been found to stimulate the somatosensory 
system and consequently enhance mobility [6]. 

Traditional rehabilitation methods tend to focus on 
motor skill improvement rather than on cognitive func-
tion improvement, which is crucial for individuals with 
MS. Cognitive software has previously been utilized for 
the improvement and restoration of cognitive functions 
in MS sufferers [7]. 

Studies of MS individuals showed that declines in cog-
nitive function translate into the exacerbation of move-
ment disorders [8,9]. Studies on patients in the early 
stages of dementia demonstrated that combining cogni-
tive therapy with movement rehabilitation produced the 
most noteworthy results [8]. The combined application 
of motor and cognitive therapies produced improvement 
in dual-task gait performance. Similarly, positive effects 
were observed when the combined therapies were used 
to treat patients with a recent history of stroke [9,10]. Fur-
ther, gait velocity in MS patients improved when standard 
physical therapy was complemented by cognitive training 
tasks. While a number of cognitive therapies are in com-
mon use, those utilizing computer technology are quickly 
gaining popularity as they have proven to be highly effec-
tive [11]. 

One such computer-based method, applied for the 
improvement of cognitive functions, is RehaCom—a 
program that features three main treatment strategies: 
psychoeducation and awareness of cognitive functions, 
enhancement of motivational functions, and training of 
compensatory and adaptation skills. The program’s ex-
ercises are aimed at improving attention, concentration, 
learning and executive functions. This eventually leads to 
improving control over adaptive skills aimed at manag-
ing or overcoming cognitive impairments. The exercises 
feature everyday situations and are designed to enable 

an individual to transition smoothly from engaging in 
computer-controlled practice to satisfying their real-life 
cognitive needs. Difficulty levels are automatically tai-
lored to suit each individual’s potential and increase with 
their progress [12].

In our study, we aimed to assess the effect of cognitive 
therapy with the RehaCom visual-motor module on the 
improvement of manual dexterity in individuals with MS. 
We also attempted to establish whether factors such as 
age, sex, and extent of disability, as measured by the Ex-
panded Disability Status Scale (EDSS), contribute to the 
outcomes of this therapy.

MATERIALS AND METHODS

Study qualifications
The initial group comprised 86 individuals, including 

61 females and 25 males (72% and 28%, respectively) 
diagnosed with MS. The level of disability and progres-
sion of the disease were established using the EDSS 
[13]. The EDSS scores ranged from 1.5–4 (mean score, 
2.1). Seventy-three (85%) of the cohort had relapsing-
remitting MS and 13 (15%) had progressive MS. Assess-
ment of the central nervous system, including manual 
dexterity, gait, and cognitive functions, was carried out 
by means of the Multiple Sclerosis Functional Composite 
[14]. Cerebral lateralization was determined by means of 
a clinical-experimental method developed by Radtke [15]. 
The assessment of cognitive functions was conducted 
using the Mini Mental State Examination scale (MMSE 
scores varied between 26–30; mean score 27.5). Visual 
field disorders were excluded in the ophthalmological 
examination. Before the commencement of the study, we 
obtained written consent from all participants. Relevant 
approval from the Ethics Committee was obtained prior 
to conducting the research on March 7, 2017 (Approval 
No. KB-0012/102/03/17). The study has been registered 
with ClinicalTrials.gov (ID: NCT03693118; Influence of 
Cognitive Function Software Therapy on the Improve-
ment of Manual Skills in Multiple Sclerosis Patients).

The Nine-Hole Peg Test (NHPT) was administered to 
all MS participants to evaluate their manual dexterity. 
This standardized scale allowed for high-validity scor-
ing (right, r=0.984; left, r=0.993). Each participant was 
to insert 9 small pegs into 9 holes on a specially devised 
board, as quickly as possible. Participants had the op-
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portunity to familiarize themselves with the completion 
of the test, prior to the actual trial. The test was first con-
ducted using the dominant hand and then with the non-
dominant hand. If a peg was dropped, the test would be 
repeated [16]. 

Recruitment procedures
Participation in the cognitive therapy session was con-

ditional upon participants’ NHPT scores and upon their 
meeting the inclusion criteria: age range between 18 and 
65 years, MS clinically diagnosed based on McDonald’s 
criteria of 2011 [17], EDSS range from 1.5–4 points, and 
impairment of the upper limb, as indicated by an NHPT 
score <2 standard deviations (SDs) from the norm for 
their age and sex [16]. 

Mental disorders (MMSE score <26), alcoholism, and 
severe vision disorders including diplopia and coinciding 
upper limb therapy constituted the exclusion criteria. 

Randomization
Of the 86 MS individuals who completed the NHPT, 40 

individuals presented dysfunctions in both hands and 
fulfilled the eligibility criteria for the study. All 40 indi-
viduals had relapsing-remitting MS. These participants 
were then subdivided randomly into two groups—test 
and control—consisting of 20 people each. The first 20 
participants to complete the training were allocated to 
the experimental group whereas those who took longer to 
finish the training comprised the control group. Partici-
pants in each group were administered individualized, 
progressive hand therapy treatments. The experimental 
group participants, however, were administered hand 
therapy complemented with the cognitive function pro-
gram. None of the participants were informed of the em-
ployed methodology or the expected outcome. Similarly, 
the assistant carrying out the final NHPT test did not 
know which group the examined individual belonged to.

Course of the trial
Three times a week, the experimental group received 

upper limb treatment with the RehaCom cognitive func-
tion platform. A visual-motor coordination module con-
sisting of 96 levels was used for training. The key features 
of the training task included an object (rotor) moving 
along a pre-defined track (pattern of movement) and 
a cursor controlled by a joystick. To perform the task, a 

patient was supposed to move the cursor onto the ro-
tor, which activated the rotor and made it move along a 
selected track. The patient’s task was to keep the cursor 
over the moving rotor at all times. Each task was deemed 
to be completed when the total time the cursor was over 
the rotor did not exceed the preset time brackets. If the 
maximum time for performing a particular task was 
exceeded, the patient had to redo it. By doing this, the 
patient gradually perfected a certain type of movement 
pattern [12]. 

The participants were expected to do all 96 levels of the 
visual-motor coordination task within 3 months or the 
treatment would be terminated. Training time ranged 
from 540–640 minutes (mean, 586 minutes). Prior to the 
first treatment session, patients were provided with all 
relevant instructions and information about the test was 
displayed on the monitor. They could also choose which 
hand they would start with. They were instructed to 
change hands following the completion of each task.

After completing each task, the patient would move 
on to a higher level of difficulty. Failure meant having to 
redo the failed task. A single training session lasted 20 
minutes followed by an optional break. The level of dif-
ficulty of each exercise was adjusted to suit the individual 
abilities of each participant.

Having completed the training, each participant was 
administered the NHPT again so that we could assess 
their upper limb efficiency. The time between the first 
and the second NHPT trial varied, depending on the du-
ration of the training, but was not longer than 3 months. 
Those who completed the training had 7 days to do the 
test. The therapy was carried out by the lead researcher. 
Of the initial group, only 10 participants managed to 
complete the training. The large number of dropouts was 
caused by patient’s progressive deterioration of health 
and factors including a relapse of the disease, failure to 
turn up for the trial (despite a prior declaration of inten-
tion to participate), and family issues. 

The control group
Like the experimental group, the control group was 

made up of 20 people with MS who were administered 
the NHPT twice. Unlike the experimental group, the con-
trol group did not receive RehaCom hand therapy. 
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Statistical analysis
The statistical analysis was carried out with a licensed 

version of Statistica 12 (StatSoft Inc., Tulsa, OK, USA). 
Descriptive statistics (mean, median, upper and lower 
quartiles) were calculated for each group. The Shapiro-
Wilk test was used for the assessment of normality, while 
Levene test was used to assess homogeneity of variance. 
Since a normal distribution of the tested variables was 
not obtained, the variables in both groups were assessed 
using the Mann-Whitney U test.

Depending on the sample size, either a chi-squared test 
or Fisher test were used to analyze quantitative data. The 
Wilcoxon signed-rank test was used in selected groups 
for the analysis of both NHPT scores. The assumed level 
of statistical significance was p≤0.05.

RESULTS

A comparative analysis of the data obtained from the 
study did not reveal any significant differences between 
the experimental group and the control group. The for-
mer, who received cognitive training, were found to take 
longer to do the second NHPT than the latter. This differ-
ence, however, was not statistically significant (Tables 1, 
2).

Fig. 1 illustrates the initial and final NHPT results for 
the dominant hand and non-dominant hand in both the 
experimental and control groups. Compared to their ini-

tial dominant hand score, the experimental group had 
a lower final mean NHPT score (p=0.007). Compared to 
their initial non-dominant hand score, the experimental 
group had a lower final mean NHPT score (p=0.037). No 
such significant differences were observed in the control 
group.

Analysis of NHPT scores before and after the therapy 
(Table 3) showed that, following treatment, the experi-

Table 1. A comparative analysis of the age, EDSS scores, age of onset and duration of the disease in the study and con-
trol groups

Variable
Control group (n=20) Study group (n=10)

p-value
Mean Q25 Median Q75 Mean Q25 Median Q75

Age (yr) 49.6 39 45 63 53.9 46 57.5 61 0.733a)

EDSS 2.75 1.5 2.5 3.5 4.1 2.5 4.25 6 0.093a)

Time from symptom onset to 
   diagnosis (yr)

4.4 1 2 4 1.5 0 1 3 0.278a)

Duration of disease (yr) 11.2 7 9.5 12 14.9 9 11 15 0.470a)

Initial NHPT scores

  Dominant hand 22.93 19.02 20.54 28.44 27.54 23.47 26.36 28.62 0.212a)

  Non-dominant hand 25.04 21.87 22.48 29.29 30.60 23.48 28.51 35.56 0.186a)

Final NHPT scores

  Dominant hand 22.94 18.93 20.46 28.09 24.73 21.99 24.34 27.42 0.345a)

  Non-dominant hand 26.68 21.89 23.94 29.89 27.91 22.35 26.08 32.23 0.623a)

EDSS, Expanded Disability Status Scale; NHPT, Nine-Hole Peg Test.
a)Mann-Whitney U test.

Table 2. Characteristics of participants 

Control group 
(n=20)

Study group 
(n=10)

p-value

Sex 0.626a)

  Female  6 (30.0) 8 (80.0)

  Male 14 (70.0) 2 (20.0)

Age (yr) 0.675a)

  <60 6 (30.0) 6 (60.0)

  ≥60 14 (70.0) 4 (40.0)

Education 0.670a)

  Vocational 2 (10.0) 3 (30.0)

  Secondary  8 (40.0) 4 (40.0)

  Tertiary 10 (50.0) 3 (30.0)

EDSS 0.185a)

  <3  6 (30.0) 3 (30.0)

  ≥3 14 (70.0) 7 (70.0)

Values are presented as number (%).
EDSS, Expanded Disability Status Scale.
a)Chi-square test or Fisher test.
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mental group needed significantly less time to perform 
the test with both the dominant (p=0.007) and non-dom-
inant hand (p=0.037). No such significant difference was 
observed in the control group. All members of the experi-
mental group, who were aged ≤60 years, took consider-
ably less time to do the NHPT test with the dominant 
hand (p=0.008). The cutoff point was set at ≤60 in order 
to ensure relatively equal and representative populations 
within each group. Individuals aged >60 tend to display 
a rapid acceleration of decline in general health and 
physical fitness, which translates to a considerable loss 

of muscle fibers, reduction of fiber length, and a conse-
quent, significant decrease in upper limb strength [18,19].

DISCUSSION

Therapies for individuals with MS aim to minimize 
their neurologic deficits and improve their quality of life. 
Motor skills enhancement is a complex process, consist-
ing of three essential stages: cognitive (learning a move-
ment), associative (correcting errors), and autonomous 
(movement automatization) [20]. To achieve progress at 
each of these stages, therapists can now take advantage 
of a well devised computer-assisted training program. 
Such programs may provide an attractive alternative to 
traditional therapies, appealing particularly to young 
people with MS [21].

The cognitive therapy program we applied was found 
to fulfil the stated therapeutic objectives. It is primarily 
based on the so-called tracking task, which requires the 
patient to perform a movement according to instructions 
displayed on the screen. The MS participants could not 
advance to the next level of difficulty without first being 
successful on the current level.

Existing studies show that exercises aimed at improving 
the precision of a particular movement, which allow for 
the possibility of repeating and correcting the movement, 
considerably accelerate its mastering and automation 

Table 3. Analysis of the differences between the initial and follow-up NHPT scores for dominant and non-dominant 
hands in both study and control groups

Dominant hand
p-valuea) Non-dominant hand

p-valuea)

Mean Q25 Median Q75 Mean Q25 Median Q75
Group

  Control 0.02 -0.56 -0.05 1.17 0.959 1.64 -0.35 0.53 3.35 0.093

  Study -2.82 -3.12 -1.31 -0.44 0.007 -2.69 -4.36 -2.42 -1.13 0.037

Age (yr)

  <60 -2.43 -2.90 -1.22 -0.40 0.008 -0.60 -2.42 -0.54 1.48 0.583

  ≥60 0.14 -0.51 0.24 1.18 0.674 -0.42 -2.25 0.10 1.86 0.889

Sex

  Female -0.75 -1.69 -0.50 0.26 0.103 -1.29 -2.43 -0.93 0.17 0.056

  Male -2.93 -3.12 -0.93 0.23 0.249 1.26 0.60 2.92 3.55 0.345

EDSS

  <3 -0.89 -1.51 -0.73 -0.35 0.033 0.33 -1.13 -0.35 0.46 0.859

  ≥3 -1.81 -3.12 -0.29 1.17 0.286 -1.23 -4.36 -0.41 2.49 0.534

NHPT, Nine-Hole Peg Test; EDSS, Expanded Disability Status Scale.
a)Wilcoxon signed-rank test.

Fig. 1. The analysis of the initial and final Nine-Hole Peg 
Test (NHPT) scores regarding the dominant hand and 
non-dominant hand.
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[12].
The MS individuals who participated in our study 

learned to control various movement patterns: simple 
linear movements, combined linear movements, curved 
movements, combined simple linear and curved move-
ments, as well as a pseudo stochastic movement. At the 
highest difficulty level, the participants were expected 
to learn 32 movement patterns with varying degrees of 
speed and complexity. 

Repeating particular motor tasks has been found to 
improve visual-motor coordination as well as the ability 
to anticipate individual patterns of movement. It has also 
been established that visuospatial functions are needed 
for the proper functioning of visual-motor skills. Hand-
eye coordination has been found to improve when an 
individual is unable to assess the distance and location of 
the point where the object is to be placed [22–24]. 

The cognitive program we applied consisted of con-
ventional hand therapy, augmented by the stimulation 
of visuospatial perception, attention, and response time. 
These extra features constitute an important element of 
the program as they address the deficits, about which 
MS patients most frequently complain. One set of tasks 
contained in the program features “tracking-tasks” and is 
designed to improve eye-hand coordination. The person 
performing the task—the operator—is expected to make 
a strictly defined movement in response to a static or 
dynamic stimulus. This requires the operator to process 
visual information and respond with a particular motor 
action. The more unpredictable or complex the tasks are, 
the better hand-eye coordination they require. This train-
ing aims to improve patients’ visual-motor skills [25].

Combining cognitive training, which stimulates a 
number of functions, with upper limb therapy resulted 
in better performance of the limb. This was reflected in 
the higher NHPT scores achieved by the individuals who 
underwent the therapy, as compared to the controls, who 
were treated only with conventional rehabilitation meth-
ods. RehaCom-based cognitive therapy in conjunction 
with traditional motor training may activate a number of 
cortical areas simultaneously. This facilitates compensa-
tory processes, leads to accelerated improvement of a 
patient’s motor functions, and consequently shortens the 
rehabilitation period of MS patients.

Additionally, patients receive immediate feedback on 
their performance, which translates into increased speed 

and better training outcomes. Another potential benefit 
of this combined and extended treatment program is the 
exploitation of screen and computer technology. As such 
technology typically appeals to younger generations, the 
therapy could prove more effective when administered to 
young and middle-aged patients [26]. Effective therapy 
typically leads to a faster return to normal life and work. 
However, evidence for the effectiveness of the therapy, in 
this regard, requires further research to be validated.

The MS participants in this study, who underwent the 
RehaCom therapy regimen, have showed noticeable im-
provement in the manual functions of both their domi-
nant and non-dominant limbs. This improvement was 
more prominent in the dominant arm, which is in line 
with existing findings concerning differences between 
the limbs.

It was found that the dominant upper limb is more 
efficient than its counterpart due to its comparatively 
frequent use in everyday activities. The non-dominant 
hand is mainly supplementary to the dominant one. The 
development and structure of brain activation networks 
depends on which hand tends to be used more often for 
complex movements. MS progression leads to the loss of 
compensatory capacity in the non-dominant hand [27]. 
This, however, was not confirmed by the findings of our 
study, which showed that the combined therapy resulted 
in improvement in the performance of the non-dominant 
hand as well. 

Increased efficiency of the non-dominant upper limb in 
our study participants may confirm the hypothesis of the 
cross-activation model. According to this model, provid-
ing physical treatment to the dominant upper limb acti-
vates (through the corpus colossus) the non-dominant 
upper limb. Applying such treatment to the non-domi-
nant limb, however, does not result in similar activation 
in the opposing hand [28].

The improvement in the efficiency of the upper limb, 
observed in our patients after the RehaCom therapy, may 
be attributed to their low EDSS scores of <3. According to 
some studies, neuroplasticity and the ability to learn new 
motor skills is possible in early stages of the disease and 
decreases as the disability worsens. The ability to learn in 
patients with EDSS <4 is reduced due to the development 
of more extensive MS lesions, affecting neural pathways 
[29].

The positive effect that cognitive therapy had on the 
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manual dexterity our MS participants may also be due 
to the influence of ideokinetic imagery on motor stimu-
lation. The RehaCom program utilizes a technique in 
which individuals must maintain visual concentration 
while performing a specified upper limb movement. The 
imagery constitutes an alternative source of information 
and supports motor functions. It has been shown that 
ideokinetic imagery can actually affect the force, preci-
sion, speed, and efficiency of a movement as well as mo-
tivation [30]. This may be related to the “chaotic motor 
imagery” theory.

This theory assumes that imagining a movement prior 
to its actual execution improves the motor efficiency of 
the limbs. Hitting the target goals, which we set for our 
study participants, required them to practice skills that 
depend on hand-eye coordination. This, in turn, leads to 
improvement in cognitive functions [31-33].

The outcomes of our study demonstrate that the appli-
cation of ideokinetic imagery in MS therapies contributes 
to better mobility of the limbs. Unfortunately this mobil-
ity goes on to decrease, in line with an increase in sever-
ity of cognitive impairment. Combined visual stimulation 
and hand therapy can provide a valuable supplement 
to traditional physical therapy. The current study also 
demonstrated that a clinical course of the disease, pro-
gressive impairment, and advanced age adversely affect 
both manual skills and rehabilitation effectiveness. Us-
ing their dominant limbs, patients over 60 years old, who 
had EDDS scores <3, did worse on the NHPT than their 
younger counterparts with similar EDSS results. This dif-
ference may be attributable to MS-related fatigue and the 
increasing impairment of cognitive functions [34,35]. Ad-
ditionally, participants with lower EDSS scores showed 
greater improvement in performance with the dominant 
upper limb. This may indicate that using a cognitive 
function program, applied during upper limb therapy, 
leads to better results in individuals whose conditions are 
less severe [36,37].

Another study, involving the observation of a cohort 
of 1,463 people with MS for a period of 6–12 months, re-
vealed an association between age and progression of the 
disease [38,39].

Persistence and motivation towards training are essen-
tial components of a successful MS therapy. Many people 
with MS discontinue treatment due to insufficient self-
discipline, lack of proper motivation, or negative attitude. 

It was concluded that only well motivated and positively 
predisposed individuals can take full advantage of virtual 
therapy [40].

We experienced similar problems with the participants 
in our study. As many as 50% of participants failed to 
complete the cognitive software therapy. Of the remain-
ing participants, 6 dropped out after only 2 rehabilitation 
sessions (2 weeks). This impeded our ability to observe 
the full effects of the therapy. The low number of the pa-
tients who completed the study severely interfered with 
the collection of reliable data.

Indeed, the small size of the group that completed the 
study precluded a more complete statistical analysis. 
Despite this, thestudy yielded promising results that sup-
port the administering of joint rehabilitation therapies in 
order to address both motor and cognitive systems. How-
ever, further research, including more MS participants 
from more population-representative cohorts, is required 
to confirm the validity and reliability of our findings. 

In future, additional incentive programs should be con-
sidered to mobilize people with MS to take action. Long-
term follow-up studies are necessary to ascertain the sta-
bility of cognitive improvements and the degree to which 
they generalize to everyday functional activities.

In conclusion, the application of cognitive software 
training for manual therapy in people with MS has 
positive effects on the use of both dominant and non-
dominant hands. More evident effects of dominant limb 
therapy are demonstrated in patients with EDSS scores 
<3. Improvement in the efficiency of the upper limbs was 
observed in patients aged <60 years. Less upper limb im-
provement was observed in patients whose EDSS scores 
were <3. 
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