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Intensive computer-assisted cognitive
rehabilitation in persons with multiple sclerosis —
results of a 12-week randomized study

Intenzivni rehabilitace kognitivnich funkcf

U 0s0b s roztrousenou sklerozou — vysledky
12tydenni randomizované studie hodnocené
pocitacovym programem

Abstract

Aim: The purpose of this study was to evaluate neuropsychological rehabilitation using a 12-week
computer program to assess if it had an effect on improving cognitive functions and to identify
methods that can be used to measure this effect. The aim of this study is to demonstrate the
effect of the chosen educational plan and the resulting state of cognitive functions. Methods:
Patients diagnosed with MS (43) were randomized into two groups — the experimental group (26)
and the control group (17). All patients had a cognitive defect that was assessed at the beginning
of the study. After participating in the training program, the results were monitored using
neuropsychological tests. Participants in the experimental group were given their rehabilitation
of cognitive functions using a computer training program which they undertook at home. There
were 32 training sessions which took place on predetermined days with a specific detailed training
plan. Results: The neuropsychological tests used at the beginning and the end of the study
showed the positive effect of the training program. The greatest improvement was seen in the
areas of immediate memory and attention. Conclusion: The results showed that in MS patients
who followed the computer training plan, there were positive effects of the neuropsychological
rehabilitation.

Souhrn

Cil: U¢elem této studie bylo zhodnotit neuropsychologickou rehabilitaci pomoci 12tydenniho
pocitatového programu, aby se zjistilo, zda to mélo vliv na zlepsenf kognitivnich funkci; také
k identifikaci metod, které Ize pouzit k méfeni tohoto Ucinku. Cilem této studie je demonstrovat
Ucinek zvoleného vzdéldvaciho planu a vysledny stav kognitivnich funkci. Metodika: Pacienti
s diagndzou RS (43) byli randomizovéni do dvou skupin — experimentalni skupiny (26) a kontrolni
skupiny (17). Viichni pacienti méli kognitivni defekt, ktery byl vyhodnocen na zacétku studie. Po
Ucasti na vzdélavacim programu byly vysledky monitorovany pomoci neuropsychologickych
test(. U¢astnik&im experimentalni skupiny byla poskytnuta rehabilitace kognitivnich funkci pomoci
pocitacového tréninkového programu, ktery absolvovali doma. Probéhlo 32 Skolenf, kterd se konala
ve stanovenych dnech s konkrétnim podrobnym pldnem skoleni. Vysledky: Neuropsychologické
testy pouzité na zac¢atku a na konci studie prokazaly pozitivni Uc¢inek vzdélavaciho programu.
K nejvétsimu zlepseni doslo v oblastech kratkodobé paméti a pozornosti. Zdvér: Vysledky ukazaly,
Ze u téch pacientd s RS, kteff se fidili planem pocitacového vycviku, doslo k pozitivnim Gc¢inkim
neuropsychologické rehabilitace.
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INTENSIVE COMPUTER-ASSISTED COGNITIVE REHABILITATION IN PERSONS WITH MULTIPLE SCLEROSIS

Introduction

Multiple sclerosis is one of the most com-
mon neurological diseases and, at the same
time, one of the most common causes of
chronic neurological disability in young
adults. MS leads to physical disability as well
as cognitive and neuropsychiatric symp-
toms. Cognitive disorders and physical dis-
ability can occur independently. This in turn
can complicate recognition or assessment of
the disease. Cognitive deficiencies are most
often characterized by mild cognitive im-
pairment and, at the more advanced stages,
by subcortical dementia. The first studies
have already confirmed that the deficit is
most commonly observed in complex at-
tention, efficiency of information processing,
processing speed (information), executive
functions and long-term memory [1]. Dur-
ing the illness, cognitive changes can occur
at any time and sometimes as the primary
symptom. Generally, any two patients with
this disease do not have exactly the same
symptom profile or disease progression [2].
Cognitive disorders are hardly noticeable at
first, which is the reason why they have es-
caped the attention of physicians for years.
Previous neurological studies have identi-
fied that cognitive function deteriorates in
50-75% of patients [3]. Over the last 10 years,
the diagnostic criteria and medications have
improved to modify the disease, which in
turn leads to earlier diagnosis and treat-
ment. Furthermore, good cognitive train-
ing can minimize the impact of the illness
on the patient’s quality of life. However, at
the moment, the methods of such training
are not unequivocally methodically or thera-
peutically fixed. For this reason, studies over
the last decade have been trying to address
the question of whether there is an effec-
tive rehabilitation strategy which could lead
to the circumnavigation of damaged brain
structures and restoration of cognitive func-
tions due to the plasticity of the brain and
the ability to restructure neural networks [4].
Previously, the training was predominantly
focused on learning and memory functions.
However, attention is now being transferred
to the training of executive functions and at-
tention [5]. Co-incidentally, there have been
studies confirming that restructuring of
the neural networks within the CNS is pos-
sible under the influence and in response
to external stimuli, injuries or environmen-
tal changes [6]. Nevertheless, there are only
a few studies that have investigated the
mechanisms of targeted rehabilitation in de-

tail. Also, the studies that are available pro-
vide only fragmented or incomplete data [7].
In 2013, Mantynen et al published a rand-
omized controlled trial that involved 102 pa-
tients with relapsing remitting MS. Those au-
thors concluded that neuropsychological
rehabilitation did not necessarily improve
cognitive performance, but reduced the per-
ception of the patient’s cognitive deficit and
thereby positively influenced their quality of
life. What that meant was that although the
effect had not been clearly demonstrated,
the patients were feeling better [8]. What the
results of this study showed is that focusing
on the emergence of randomized controlled
trials with a sufficient number of patients is
commendable. Nevertheless, it is clear that
even the results of these studies may not be
relevant to the assessment of the effect of
the rehabilitation of cognitive functions. To
be precise, these studies showed that accu-
rately targeted training is necessary for a de-
monstrable positive effect (compared with
any kind of training), and what we consider
to be very important is the correct time dis-
tribution and sufficient frequency of rep-
etition. In the years 2014-2015, two studies
were published that provided a system-
atic overview of the experience of cogni-
tive function training in patients with MS.
The first was a study focused on the iden-
tified conflicting findings in the published
literature about the effectiveness of various
forms of cognitive rehabilitation techniques
used in patients with MS [5]. The second was
a meta-analysis assessing the effects of cog-
nitive intervention in MS, including only ran-
domized controlled trials with comparable
conditions [9]. Both studies agreed that the
training of cognitive functions had a posi-
tive effect on patients and that this training
should be an integral part of the overall care
for patients with MS. Nevertheless, these
studies also pointed to the contradictory re-
sults of previous research. These contradic-
tions were in terms of the training methods
used, the training plans and measurement
techniques. Some of the frequent methodo-
logical problems include a small sample size,
absence of a control group and problems re-
lated to output measurements. This insuffi-
cient quality of output measurement may
be the reason why we do not record all the
possible changes and therefore do not cap-
ture the possible positive effects [5]. A sys-
tematic review published in 2015 compared
old and new studies, described the current
state of the field and suggested the direction

for ongoing MS research. The authors con-
cluded that training of patients in psychiat-
ric activities resulted in the improvement in
cognition and brain functions. However, it
is not clear to what extent the brain is capa-
ble of plasticity. This research identified con-
tradictory results related to the efficacy of
various rehabilitation techniques. Therefore,
no definitive conclusions can be drawn on
the effect of cognition, mood, quality of life,
fatigue or how patients perceive this effect.
Another factor that may also influence the
results is the selection of the output meas-
urements that were used in these studies
and may not be capable of ascertaining all
the possible effects. If output measures are
not able to detect the changes, it does not
mean that the examined rehabilitation exer-
cise is not effective; it rather means that an
insufficiently sensitive output measure has
been used instead, i.e., a possible positive ef-
fect has not been detected, which, in turn,
has likely led to incorrect conclusions [5].

All of the above-mentioned facts have
had an influence. The research team of the
department of psychiatry has tried to create
and implement a rehabilitation procedure
without the known negative factors and find
an evidence-based rehabilitation process.
The authors have therefore attempted to
create a recommended set of procedures re-
lated to the rehabilitation of cognitive func-
tion in patients with MS, which are based
on the conclusions of the studies discussed
in this and other articles, and, at the same
time, tried to evaluate this procedure in the
form of a randomized study with a control

group.

Materials and methods
Patients
The following inclusion criteria were used:
a diagnosis of MS, the score of 0-6 on the
Expanded Disability Status Scale (EDSS), age
18-65, a functionally dominant upper limb
(in order to operate a keyboard), and access
to a computer with an internet connection
in the training environment. The following
patients were excluded from the study: pa-
tients with a history of drug or alcohol abuse,
major psychiatric disorders, acute relapses,
neurological diseases other than MS, or pa-
tients with an ongoing rehabilitation. Hospi-
tal records were examined in order to verify
the information obtained from the patients
regarding their past medical history.

Eighty patients were put forward to par-
ticipate in this study. However, 22 patients
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INTENSIVE COMPUTER-ASSISTED COGNITIVE REHABILITATION IN PERSONS WITH MULTIPLE SCLEROSIS

did not meet the inclusion criteria. Fifty-
-eight patients were randomized into the
experimental and control groups. Thirty-five
patients were assigned to the experimen-
tal group and six patients from this group
were excluded due to the lack of training
conditions. Other three ones were excluded
for health reasons. Statistical analyses com-
prised 26 patients (22 females) in the exper-
imental group. Twenty-three patients were
randomized to the control group. From this
control group, six patients were excluded
for health reasons. Statistical analyses com-
prised 17 patients (12 females). The ‘health
reasons’ for exclusion in both groups were:
any health problems with a duration of more
than 3 days or a change of medication dur-
ing the study.

There were no significant differences in
age (the experimental group had an av-
erage age of 41.3 years [SD = 6.5], the con-
trol group had an average age of 42.4 years
[SD = 9.2], Mann-Whitney U test, U = 231,
Z = 0.19 [Pearson Chi-square: 1.22, df = 1,
P = 0.27], education [Pearson Chi-square:
1.30, df = 3; P = 0.73], level of disability (Pear-
son Chi-square: 2.3, df = 3; P = 0.51), or EDDS
score (the experimental group had an aver-
age score of 3.1 [SD = 14], the whole control
group had an average score of 3.3 [SD = 2.0J;
U=218.5,72=-0.06; P =095).

Interventions and outcome
assessment

The selected and evaluated group was de-
signed to monitor the functions targeted by
the software, while, at the same time, it was
sensitive enough to recognize any changes
in patients with mild cognitive defects.
The patients in the selected and evaluated
group were subjected to carefully cho-
sen testing techniques and self-assessment
questionnaires that were selected according
to the results from previous studies. These
studies were where positive results were
found only in the testing methods and not
in the subjective evaluation [10] or purely in
the subjective evaluation of the patients [11].
Furthermore, the authors also included
techniques related to possible changes in
the area of emotions.

The neuropsychological testing

- Repeatability of the results on the se-
lected and evaluated group for the As-
sessment of Neuropsychological Sta-
tus (RBANS), Christopher Randolph. The
RBANS is a brief, individually adminis-

tered test, which measures attention, lan-
guage, visuospatial/constructional abili-
ties and immediate and delayed memory.
The test comprises 12 subtests that can
be administered by trained examiners in
about 20 to 30 min. RBANS is intended for
the use in adolescents and adults, aged
12— 89 years.

+ Trail Making Test (TMT) — The Trail Mak-
ing Test is a neuropsychological test of
visual attention and task switching. It con-
sists of two parts in which the subject is
instructed to connect a set of 25 dots as
quickly as possible while still maintaining
accuracy. The test can provide informa-
tion about visual search speed, scanning,
speed of processing, mental flexibility, as
well as executive functioning. It can sen-
sitively detect cognitive impairment. This
test is a part of the Halstead-Reitan Neu-
ropsychological aspect of the selected
and evaluated group.

Questionnaires and measures

The self-assessment questionnaires and

measures:

« The Cognitive Failures Questionnaire
(CFQ) [12] is a self-assessment question-
naire that focuses on the examination
of cognitive function disorder in routine
daily activities. A range of somatic well-
-being and a range of psychological well-
-being are self-assessment measures re-
lated to the current psychological and
somatic well-being. These are 11-point
Likert type scales ranging from 0-10.

+ The Schwartz SOS 10 scale is a 10-item
scale intended for the field of psychiatry
and psychology with regard to the evalua-
tion of therapy. The purpose of this meas-
ure is to assess the effectiveness of treat-
ment across a wide range of treatment
facilities and various populations. It has
been shown to have good psychometric
properties [13].

+ Beck Depression Inventory II (BDI-II) is
a psychodiagnostic questionnaire assess-
ing the presence and severity of depres-
sion. This questionnaire is frequently used
in the field of clinical psychology and neu-
ropsychology as a screening measure of
the actual severity of depression.

The objective measure:
+ Hamilton’s Scale of Depression (HAMD) [14].

All the test techniques have been demon-
strated in the form of a pencil-paper.

The neuropsychological
rehabilitation

All patients participated in an entry exami-
nation that consisted of a neuropsycholog-
ical selection and evaluation of the group.
Subsequently, patients in the experimental
group received training on the Happy Neu-
ron Brain Jogging computer program, which
they were later asked to work on at home.
Cognitive online training HAPPY neuron
Brain Jogging was created by ABET HOLD-
ING, a.s. (Liberec, Czech Republic), which is
a part of the French company SBT Group
(Prague, Czech Repubilic).

The program contains 20 different tasks
related to memory, concentration, speech,
logical thinking, special orientation, and
other abilities. It also offers training. Different
levels of difficulty can be set thereby achiev-
ing a high variability in the exercise. This pro-
gram also includes “an automatic coach’,
which is able to select the appropriate set
of exercises to optimize the benefit for the
patient. Therefore, this program can also be
used by patients that are currently unable
to train under the direction of a clinical psy-
chologist or a neuropsychologist.

The training plan was designed to run
4 times per week / 30 min per session for
8 consecutive weeks. Overall, there were
32 training sessions on predetermined days
with a specific training plan.

The primary goals of the program in-
cluded the following cognitive functions:
© memory
+ attention and concentration
+ speed and information processing
+ executive functions
- expression and speech comprehension
- spatial orientation and perception.

The training was primarily focused on the
improvement of attention concentration,
memory stimulation, improvement of logi-
cal thinking and the expansion of vocabu-
lary. Another primary goal was to achieve
improvements in the area of immediate me-
mory, speech, delayed recognition and vi-
sual-spatial perception.

All patients were given a training sheet
which included two exercises, which were the
same for all participants, with the requirement
of repeating the exercise three times. For the
remaining time (the total time was 30 min),
participants were asked to undertake an exer-
cise of their choice. For example, if the parti-
cipant completed the required exercise in
25 min, he / she could choose another exer-
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Tab. 1. Total scores pretest a posttest.
Experimental group  Control group Mann-Whitney
(N =26) (N=17) U test
M SD M SD P

RBANS 1 total 93.7 134 89.6 26.5 ns.
percentile 37.2 24.3 40.6 30.7 ns.
immediate memory 989 15.0 1034 179 ns.
visuospatial/constructional 95.5 169 971 133 ns.
language 1019 99 99.8 14.0 ns.
attention 834 15.8 85.1 14.9 ns.
delayed memory 98.2 15.2 96.8 13.7 ns.
RBANS 2 total 107.3 15.2 949 17.2 *
percentile 640 24.1 409 326 *
immediate memory 107.8 169 977 175 *
visuospatial/constructional 106.9 109 1019 15.3 ns.
language 107.7 10.7 1004 14.2 ns.
attention 94.8 15.8 814 154 *
delayed memory 1084 16.1 98.8 15.0 *

*significant at P < 0.05

M —mean; N - number; ns. — non-significant; RBANS — Repeatability of the results on the se-

lected and evaluated group for the Assessment of Neuropsychological Status; SD - standard

deviation

cise for the remaining 5 min. The patient also
received a written training instruction that it is
better to repeat one exercise multiple times
rather than performing exercises only once.
The patients were required to complete all
32 training blocks. The results for each trai-
ning session were immediately recorded after
the particular session on a designated website.
If and when needed, communication with pa-
tients was also carried out through this web-
site. All other communication was performed
through email and phone calls. If the admini-
strator noticed that the training had not been
completed, the patient was contacted to dis-
cover the reason and to jointly work out how
to continue the training.

The control group received no training.
In order to control the placebo effect, the
control group was repeatedly contacted for
a period of 2 months (3 times in total) and
asked to report their current psychological
status by completing a prepared question-
naire. The recorded and quantified improve-
ment of the control group was deducted
from the results of the experimental group.

In the final phase of the trial, all patients
from the experimental and control group

completed a final neuropsychological
testing.

The training program was precisely de-
signed by a neuropsychologist and tar-
geted to tracking domains. Patients en-
rolled in the study had no other forms of
neurorehabilitation.

Results
Results of the neuropsychological
batteries
The experimental group participated in
a home computer rehabilitation program
of cognitive functions over 8 consecutive
weeks (4 times per week / 30 min per ses-
sion). Overall, there were 32 training sessions
that took place on predetermined days with
a specific training plan. The control group
received no training and kept only mini-
mal contact with the therapeutic team. Pa-
tients in the control group were contacted
3 times and asked to complete a question-
naire about their current mental health state.
After 8 weeks of initial testing, both the
experimental and control groups were
screened by neuropsychological batteries
with the following results (Tab. 1). Table 1

shows the total score of the initial (RBANS 1)
battery and the follow-up (RBANS 2) scores —
the average results for the entire group and
the standard deviation.

Initial examination, prior to the training,
showed that the experimental and con-
trol groups did not significantly differ in the
total score or in any of the five given RBANS
sub-groups. However, following the train-
ing, the experimental group received higher
scores in all given variables and obtained
a significantly higher total score (Mann-
-Whitney U test, Z = 2.411; P < 0.05), and sig-
nificantly higher scores on Immediate mem-
ory (U test, Z = 1.982; P < 0.05), Attention
(Z = 2,444, P < 0.05), and Delayed recogni-
tion (Z=2,277;P < 0.05).

The experimental group showed statisti-
cally significant improvements in the total
RBANS score and in some of the RBANS
sub-groups with the exception of Speech
(Tab. 1). The whole control group showed
statistically significant improvements for
Short-term memory (P < 0.05). No other sig-
nificant changes were observed in the con-
trol group.

The experimental group also improved
in all RBANS variables with a minimum of
5.8 points (5.7% increase) in the Language
domain, and up to 13.6 points (14.5% in-
crease) in the total score. The control group
even showed some deterioration in some
of the variables, where the smallest change
was —5.7 points (-5.5% drop) in the Imme-
diate memory domain to a maximum im-
provement of 5.3 points (5.9% increase) in
the total score. An essential part of the pro-
ject was also the exclusion of “practice ef-
fect” from the results of the study. This exclu-
sion was achieved by comparing the results
of the control and experimental groups,
where the work of the control and experi-
mental groups was the same, except for the
targeted cognitive training that was fulfilled
only by the experimental group. If we con-
sider the total score of the control group
as a "practice effect” (with no intervention
in the sense of targeted cognitive training)
and deducted this effect (5.3 points), the
experimental group would still show sta-
tistically significant net improvement of
the intervention by 8.3 points (Tab. 2). The
Mann-Whitney U test shows statistical pro-
bativeness of a given indicator — "ns.” for
non-significant.

Table 2 clearly shows a statistically proven
positive effect related to the cognitive func-
tion training. The overall results for the con-
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Tab. 2. Results including the “practice effect”.

Experimental group

Control group

(N =26) (N=17)

z p z P
RBANS 1 total & RBANS 2 total 4903 <0.001 -0.250 ns.
percentile & percentile 4903 < 0.001 0.250 ns.
immediate memory & immediate memory 2.502 <0.05 2.250 <0.05
Zi)sggtsrgiizzléz?nstructiona| & visuospatial/ 2919 <001 1206 ns.
language & language 1.668 ns. 0.516 ns.
attention & attention 3470 < 0.001 0.516 ns.
delayed memory & delayed memory 3.878 <0.001 0.970 ns.

N - number; ns. — non-significant; RBANS — Repeatability of the results on the selected and
evaluated group for the Assessment of Neuropsychological Status

80

1073

total Scale Index Score

control
group

experimental
group

B before training W after training

Tab. 3a. Comparison of TMT test results.

Experimental group

Control group

Tab. 3b. TMT neuropsychological test.

Experimental group

(N = 26) (N=17)
z z P
TMT A 2157 <005 1455 ns.
TMT B 2.800 <001 0 ns.

Control group Mann-Whitney

TMT — Trail Making Test

(N =26) (N=17)
M SD M SD Utest

Entry test set

TMT A 50.1 16.0 74.2 471 ns.
TMT B 91.5 326 120.7 63.0 ns.
Exit test set

TMT A 40.0 14.8 58.2 383 ns.
TMTB 813 332 1211 67.3 ns.

M = mean; N - number; ns. — non-significant; SD — standard deviation;

trol and experimental groups are shown
in Fig. 1. The figure clearly shows improve-
ments for the experimental group.

The TMT neuropsychological test was
used in this study with the following re-
sults: the initial comparison of both groups
showed no significant differences. The com-
parison of the results for both groups in
terms of the entry and exit examinations is
shown in Tab. 3. The TMT test results showed
significant improvement in attention con-

centration, even after the “practice effect”,
This was measured within the control group
and taken into account.

Results of the self-report measures
and other cognitive tests

No statistically significant differences for
the experimental and control groups were
observed for all used methods prior to the
training. Likewise, no statistically significant
differences were recorded after the training.

Fig. 1. The overall results for the experi-
mental and control groups.

Obr. 1. Celkové vysledky pro vyzkumnou
a kontrolni skupinu.

The evaluation of the results for these tech-
niques is shown in Tab. 4.

Comparing the data of the self-assess-
ment measures gathered during the entry
and exit interviews, the results were demon-
strably better in favor of the experimental
group. An improvement was seen across
all five scales, while the improvement in the
most objective BDI scale was statistically sig-
nificant — on average 4.6 points. Nonethe-
less, some improvement was also seen in
the control group and, when standard de-
viation was included in the comparison, no
statistically significant improvement was ob-
served in the experimental group. Thus, the
improvement in subjective perception can
occur without targeted cognitive training,
particularly if the patient feels that enough
time has been devoted to him / her. As for
the objective indicators, however, this im-
provement was not observed.

The overall evaluation
In terms of assessing the results, subjec-
tive and objective techniques and meas-
ures have to be evaluated separately. Sta-
tistically significant improvements in the
experimental group were observed in nearly
all the objective tests (Tab. 5). As for the self-
assessment scales, the results were less pro-
nounced (Tab. 6).

When comparing the objective with the
self-assessment measures, it was clearly
shown that the objective techniques dem-
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Tab. 4. The results of the self-assessment questionnaires for the experimental and
control groups.

Experimental group Control group

(N =26) (N=17)

z p z P
BDI 3.062 <001 -0.267 ns.
HAMD 3.801 < 0.001 0.289 ns.
CFQ 0.400 ns. 0.750 ns.
SOS 2.245 <0.05 0485 ns.
SP 0417 ns. 0.289 ns.
PP 1.376 ns. 1.664 ns.

BDI — Beck Depression Inventory; CFQ - Cognitive Failures Questionnaire; HAMD — Hamil-
ton’s Scale of Depression; N — number; ns. — non-significant; PP — mental well-being; SOS -
Schwartz SOS Scale; SP — somatic well-being

Tab. 5. The results of the objective measures for the experimental and control
groups.

Experimental group Control group

(N = 26) (N=17)
z P Z P
RBANS 4903 <0.001 -0.25 ns.
TMT A 2.157 <0.05 1455 ns.
T™MTB 2.800 <0.01 0 ns.
HAMD 3.801 <0.001 0.289 ns.

HAMD - Hamilton’s Scale of Depression; N — number; ns. - non-significant; RBANS — Repeata-
bility of the results on the selected and evaluated group for the Assessment of Neuropsycho-
logical Status; TMT — Trail Making Test

Tab. 6. The results of the subjective measures for the experimental and control
groups.

Experimental group Control group

(N =26) (N=17)
z p z P
BDI 3.062 <001 -0.267 ns.
CFQ 0.400 ns. 0.750 ns.
SOS 2.245 <0.05 0485 ns.
SP 0417 ns. 0.289 ns.
PP 1.376 ns. 1.664 ns.

BDI — Beck Depression Inventory; CFQ - Cognitive Failures Questionnaire; N — number; ns. —
non-significant; PP — mental well-being; SOS - Schwartz SOS Scale; SP - somatic well-being

As for the most efficient RBANS test in
the selected and evaluated group, a sig-
nificant improvement was observed in the
immediate memory and in the Visuo-spa-
tial/Constructional sub-scores. On the con-

onstrated a significant positive effect relating
to the cognitive training conducted within
this study. By using only the self-assessment
measures (subjective), the positive effect of
such training would not be recognized.

trary, the lowest score was found in the Lan-
guage sub-score. The results of this study do
not clearly explain the difference in the ef-
fect of the cognitive training preformed for
the various categories of cognitive func-
tions. We assume that a significant influ-
ence lies within the fact that the proposed
cognitive exercises almost always con-
tain a memory component, i.e., even exer-
cises related to speech function train this
memory component while also training
attention.

Discussion

The focus of many studies was the effec-
tiveness of cognitive training. The early
studies focused on the training of cogni-
tive functions in patients with traumatic
brain injury [15]. Relatively few studies were
conducted on the treatment of cognitive
disorders. Some studies revealed the ben-
efits of cognitive rehabilitation for people
with MS while others showed no improve-
ment. The conclusions of these studies
were, however, limited by methodologi-
cal problems, such as initial differences be-
tween groups, the use of qualitative rather
than quantitative research, and the need
to rely on case studies. This prompted the
need for a methodologically thorough re-
search, ideally with a placebo-controlled,
randomized design [2]. In 2013, Mantynen et
al published a randomized controlled trial in-
volving 102 patients with relapsing remitting
MS. Patients were randomly assigned into
two groups, a training group and a control
group. The training group received rehabil-
itation for cognitive functions once a week
in 60-min sessions for 13 weeks. The con-
trol group received no training. Neurological
entry and exit interviews were conducted
in both groups. The authors concluded
that neuropsychological rehabilitation did
not improve cognitive performance, but
reduced the perception of patients’ cog-
nitive deficits and thereby positively influ-
enced their quality of life. This means that
although the effect was not clearly demon-
strated in the testing material used, patients
reported as feeling better, subjectively [8].
Other studies showed the importance of
taking into account that plasticity represents
the basic developmental ability of the brain,
learning, and memory even in healthy indi-
viduals. In the context of MS, this term (plas-
ticity) encompasses molecular, synaptic, and
cellular events, and even the reorganization
of the cortex or fibers that are necessary to
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recover from acute or chronic damage to
recovery. Very promising methods for the
evaluation of this theory are MRI, functional
MRI (fMRI), and DTl imaging [16]. The use of
these advanced MRI techniques in MS pa-
tients recently demonstrated that the plas-
ticity and functionally relevant long-term
reorganization processes were preserved in
the most advanced stages of the disease,
and that these phenomena were function-
ally important to maintain motor and cog-
nitive functions. Nonetheless, only a few
studies explored the mechanisms of the
targeted rehabilitation up to this point. An-
other deficiency lies in the fragmented and
incomplete data provided in the available
studies, despite the fact that cognitive and
motor rehabilitation plays a key role in the
improvement of patients with MS [7].

The purpose of our study was therefore to
build on the previously mentioned need for
objective research, while trying to suppress
all the known defects from previous studies
that lead to unproductive/misleading re-
sults. Therefore, the initial requirement was
to produce a study with a significant num-
ber of patients allowing for a discernible sta-
tistical evaluation, while, at the same time,
allowing for a wide range of testing tech-
niques to be used. The cited studies always
included either a low number of patients,
which allowed for only very unproductive
quantitative evaluation [17] or studies with
a large number of patients which allowed
for the utilization of only a limited amount
of testing material, which influenced their
conclusions - the use of only self-assess-
ment methods does not show the con-
dition of the patient objectively, but only
reflects his/her own assessment of the
situation, which can be influenced, for ex-
ample, by the fact that someone is inter-
ested in the patient [3]. Thus, by combin-
ing the need for statistical evaluation and
the possibility of using a wide range of test-
ing material, we consider that we addressed
these shortcomings and intended to en-
roll approximately 20-30 patients in both
groups.

Among other factors, the frequency and
duration of training sessions were shown
to have a major impact on the effective-
ness of the training. For example, training
only once per week leads to the improve-
ments in only some of the features. Likewise,
a study by Tesar et al showed significant im-
provements in executive function and spa-
tial-constructional abilities, but no signifi-

cant improvements in memory or fatigue
values [18]. Furthermore, Rosti-Otajarvi et al
showed a positive effect of the rehabilitation
of cognitive functions on perceived cogni-
tive impairment. Decreased levels of depres-
sion and fatigue were also noted. However,
these results were verified only through the
use of self-assessment scales [19]. On the
other hand, training performed 3-6 times
per week for 6-12 weeks showed the im-
provement that manifested in a number of
cognitive functions [20]. Some patients even
experienced improvements in the activities
of daily living [3] and improvements in emo-
tions [20-22]. After the systematic reviews of
Mitolo et al [5] and Magalhé&es et al [9], we
have chosen to train 4 times per week with
30 min per session for 8 consecutive weeks.
Therefore, we had 32 training sessions over-
all that took place on predetermined days
and followed a specific training plan. The
duration of the training was carefully chosen
to allow for the notation of positive and ver-
ifiable results. Some of the previous studies
used short or low intensity training, e.g., no
improvement in cognitive performance, but
a positive effect on cognitive deficit was
found [8]. The authors believe that train-
ing once a week for 60 min cannot lead to
objectively measurable improvement, but
that only the subjective perception of pa-
tients may be positively influenced by such
a training. Comparing and examining indi-
vidual studies, we decided on a target train-
ing time of approximately 4 times per week
for at least 2 months. Individual studies use
different computer training methods. For
example study performed by Messinis et al
summarizes positive results when using the
RehaCom computer program [23]. Patients
perceived this training very positively. Based
on the comparison and examination of indi-
vidual studies, we decided the target train-
ing time of approximately 4 times per week
for at least 2 months. A shorter training time
appears to be not so effective, while longer
training times lead to increased fatigue and
memory concentration problems in patients
with MS.

The use of the Happy Neuron Brain Jog-
ging software was proven to be very useful
in fine tuning the patients and for the adher-
ence to the training parameters away from
the sessions with the therapist. Patients con-
sidered the software as user-friendly. They
received the instruction to perceive this
training as entertainment rather than reha-
bilitation and as an opportunity to actively

participate in the improvement of their con-
dition. This recommendation was accepted
without any difficulty.

The training results were recorded imme-
diately after the end of the training session
with the help of a specially developed web
program. In the event of a breakdown in the
prescribed training program, the patient
was contacted. This ensured a strict adher-
ence to the prescribed training conditions.
The Happy Neuron Brain Jogging training
program was chosen for its acceptable price
for patients and also because it is available in
the Czech version.

A great deal of attention was paid to the
creation of the selected and evaluated group.
We intended to compile a group focused on
trained functions, while trying to be sensi-
tive enough to recognize the changes in pa-
tients with mild cognitive deficit. Based on
the review of previous studies [10], the test-
ing methods included objective as well as
self-assessment (subjective) measures. We
also included methods that focused on the
changes in the area of emotions. The ob-
jective part of this research examined the
quantitative indicators, while its subjective
part allowed for the elimination of the pla-
cebo effect that was measured in the con-
trol group. Furthermore, this shows the im-
portance of having a control group - since
most of the published studies include a con-
trol group, but do not always use it for the
elimination of the placebo effect, and the re-
sults of the experimental and control groups
generally do not differ [24]. Therefore, we in-
cluded a wide range of testing methods —
both objective (RBANS, TMT, HAMD etc.) and
subjective (BDI-II, SOS, SP/PP, CFQ).

An important part in the evaluation of the
results was to eliminate the practice effect,
which occurs in both the experimental and
control conditions, and which is also meas-
urable by objective test methods. The elimi-
nation of the practice effect measured in the
control group from the results of the experi-
mental group shows the actual effect of the
measured cognitive training.

Patients did not participate in any other
form of cognitive training and did not use
cognitive enhancing drugs during this study.

Our study presented statistically significant
improvements in patients included in the ex-
perimental group, even after the elimination
of the practice and placebo effects, while no
change was observed in patients in the con-
trol group, after the elimination of the prac-
tice and placebo effects. As for the RBANS in
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the selected and evaluated group, the results
of the experimental group showed the great-
est improvement in the immediate memory
and Visuospatial/Constructional coordination,
which corresponded with the used Neuron
software technology that focused on graphic
objects rather than purely verbal objects.

The results of this study demonstrate a pos-
itive effect of neuropsychological rehabilita-
tion in patients with MS that participate in reg-
ular computer-controlled training, in our case,
4 times per week for 8 consecutive weeks.

Limitations

The efforts to limit the placebo effect and the
practice effect recommend the use of three
groups of patients: 1. an experimental group;
2.a placebo group that would be kept in some
contact with the research team; and 3. a con-
trol group that would have no contact with
the research team. In this way, more accurate
assessment of the training results can be ob-
tained. In this study, the control group would
ideally play a role of placebo effect. Neverthe-
less, the comparison of the results between
the placebo and control groups would allow
a targeted elimination of the placebo effect
from the practice effect. We perceive that the
practice effect as the effect that arises during
testing and is manifested in both the experi-
mental and control groups should be elim-
inated as a such. However, this influence of
a practice effect should be differentiated from
the above-mentioned placebo effect.

This study also did not include follow-up
examinations. These would be useful for the
demonstration of otherwise sustained effect
of the measured improvement in the pa-
tient’s cognition.

Conclusion
The results of this study show a positive ef-
fect of neuropsychological rehabilitation in
patients with MS in the above-mentioned
structured training. The results showed im-
provements in the experimental group in
the overall RBANS testing of the group and
in other objective techniques. The improve-
ments were shown to be statistically signifi-
cant — even after the elimination of the prac-
tice/placebo effect measured in the control
group. The greatest improvement was shown
to be in the areas of memory and attention.
To summarize, the rehabilitation of cogni-
tive functions has a positive effect in patients
with MS, provided that a certain set of crite-
ria were met, both within the diagnostic pro-
cess and especially within the training pro-

gram. The important part lies not only in the
frequency of the training, but also in its distri-
bution over time. The training in our study oc-
curred 4-times per week with 30-min sessions.
Another important training factor was the
choice of software. In this case, Happy Neuron
Brain Jogging was used and patients rated
this software as user-friendly, interesting and
affordable for them. The fact that the software
is available in the Czech language is an impor-
tant factor. From our point of view, the pro-
gram fulfilled all the requirements for training
the specific functions that our study was tar-
geting. Patients received and kept this train-
ing on a CD, so that they could continue their
training after the termination of the study. The
long-term benefit of such a training is a sug-
gestion for further research.

We assume that the positive effect of the
rehabilitation program can have a significant
impact on the improvement of the quality of
life of MS patients and improve their chance
of obtaining useful employment. This, how-
ever, also needs to be confirmed by studies
focused on the quality of life of MS patients.
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