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Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, degenerative 
disease of the central nervous system that causes demyelination 
and axonal transection (1). It is most often diagnosed in the 
early stages of life (between the ages of 20 and 30), and 20% 
of patients develop into the progressive phase of increased 
physical disability within an average of 15 years (2). In addition, 
approximately 50-60% of patients experience cognitive decline 
(3), which negatively affects many aspects of everyday life, 
including the ability to participate in society and maintain 

employment (4,5). Although there are several pharmacological 
treatment options for treating or reducing sensory and motor 
symptoms, there is no such method for treating cognitive 
impairments (6).

Telerehabilitation (TR) is the provision of therapy and 
rehabilitation services using various telecommunication 
mediums, most notably the Internet and computer networks. TR 
has the potential to reduce time and money and increase access 
and treatment adherence in groups with high or increasing 
disability (7,8). The advantages of TR include providing therapy 
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to rural areas, expanding rehabilitation opportunities with 
computer-assisted systems, indirectly increasing the quality 
of life, and reducing medical expenses and travel time (9). 
According to Kairy et al., (10), a meta-analysis of the effects of 
TR on 28 studies, clinical outcomes after the intervention were 
typically positive, and clinical processes, such as participation 
and compliance, continued uninterrupted. In addition, it was 
observed that the consultation period was longer, but the 
satisfaction remained high and was also cost-effective.

Physical, neurogenic, or cognitive disorders, such as motor 
weakness, spasticity, ataxia, fatigue, and amnesia, are common 
in MS patients. Long-term multidisciplinary management is 
recommended for MS patients due to the cumulative effects 
of these symptoms (11,12). Patients often lack access to MS 
management advances due to limited mobility, fatigue, and 
high travel costs. TR is viewed as a potential tool for improving 
health services by reducing care costs (13). This study aims to 
evaluate the effects of a structured rehabilitation application 
that has been shown to affect a specific population in the MS 
clinic (14) when used remotely on cognitive functions. The 
study also evaluated the potential protective effect of TR at the 
end of the non-intervention (silent) period.

Materials and Methods

University of Health Sciences Turkey, Hamidiye Clinical Research 
Ethics Committee approved the study protocol (approval 
number: 20-60, date: 28.09.2020). All participants provided their 
written consent after being fully informed.

Participants

The study included 61 patients with MS according to 
McDonald’s criteria (15). The ages of these participants were 
between 23 and 65 years, the disease duration ranged from 2 to 
38 years, and their EDSS score ranged from 1 to 5.5. In addition, 
the age of onset of the disease varies between 10 and 55. The 
study included participants who were at least primary school 
graduates, actively using mobile devices, had no relapse in the 
last 3 months, or had not received corticosteroid treatment 
in the previous 1 month. Symbol Digit Modalities Test (SDMT) 
(<37.25±12.98) and PASAT (<34.51±12.47) scores were used to 
identify MS patients with cognitive impairment (16).

Neuropsychological Assessment

Rao’s Brief Repeatable Battery of neuropsychological tests 
(BRB-N) (17) was used to evaluate the changes in the cognitive 
profiles of the participants at the beginning of the TR application 
and at the sixth and 12th months. The BRB-N consists of five 
subtests: the Selective Reminding Test (SRT), which measures 
immediate (SRT-IML) and total learning (SRT-TL), delayed recall 
(SRT-DR), long-term storage (SRT-LTS), and controlled retrieval 
(SRT-CLTR) skills. 10/36 Spatial Recall Test measures immediate 
(SPART-IML) and total learning (SPART-TL), delayed recall 

(SPART-DR), and confabulations (SPART-TL/Con and SPART-DR/
Con). The SDMT, which measures the speed of information 
processing, and the Paced Auditory Serial Addition Test (PASAT 
3”), which measures attention and multitasking abilities. Finally, 
the Controlled Oral Word Association Test (COWAT) assesses 
verbal fluency categorically (COWAT-Animal) and lexically 
(COWAT-KAS). In addition to this battery, the Stroop test was 
used to evaluate participants’ interference abilities (STROOP D), 
and the Beck Depression Inventory (BDI) was used to evaluate 
their mood.

Telerehabilitation Application and Intervention Protocols

In the study, the participants were divided into two groups - 
telerehabilitation intervention group (TR) and unstructured 
intervention group (nTR) - and two periods - intervention 
period and silent period. During the intervention period, 32 
patients were given NOROSOFT, and 29 patients were given a 
home-based task. The NOROSOFT program was used for the 
TR application. The protocol has been described in a previous 
study (14). In addition to the protocol, the weekly usage times of 
the participants in the current study were determined using the 
interface of the NOROSOFT application. Moreover, the control 
group received no TR and was required to solve SUDOKU for at 
least 1 h a day for 6 months. However, the exercise frequency 
of the control group was not included in the research data 
because it was based only on their verbal statements.

Statistical Analysis

The SPSS program (Version 24.0, IBM Corp., Armonk, New York) 
was used to analyze the obtained data. Kolmogorov-Smirnov 
test was used to evaluate whether the data fit the normal 
distribution. Parametric tests were used because the data 
were normally distributed (p>0.05). The data are presented 
as percentage, mean, and standard deviation. The study used 
the repeated measures analysis of variance (ANOVA) method 
to understand the change in cognitive performance in 
intervention and the silent period. Repeated measures ANCOVA 
test was used to understand the effect of numerical variables on 
cognitive performances that changed during the intervention 
and silent periods. P-values of less than 0.05 were considered 
as significant.

Results

Demographic Features

The nominal and ordinal demographic characteristics of 
61 participants with TR and without TR (nTR) are shown in 
Table 1. Although the independent sample t-test results 
were insignificant (p>0.05), the mean age of the TR group 
was 41.21±11.57, and the mean age of the nTR group was 
37.62±6.95. The duration of disease in the TR group was 
11.46±8.28, the age at onset of disease was 29.71±10.11, and 
the mean total relapse number was 6.96±4.41, whereas the 
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duration of disease in the nTR group was 9.68±5.06, the age of 
onset was 27.93±6.67, and the mean total number of relapses 
was 5.20±2.48. The weekly duration of the patients participating 
in the TR application ranges from 0.3 to 7 days. On average, the 
weekly attendance was 1.88±2.44 days.

In the present study, the distribution of factors, such as 
education level, disease progression, and depression level, 
which are known to affect cognitive performance, was 
evaluated between the TR and nTR groups. However, neither 
education level, disease progression, nor depression levels were 
shown to be significantly different across the groups (p>0.05).

The Effects of The Intervention Period on Cognitive 
Performance: Possible Benefits

Changes in neuropsychological tests administered to the 
patients before and 6 months after the application were 

evaluated with repeated measures ANOVA. Accordingly, there 
was no significant change in verbal and visual immediate 
learning (SRT-IML and SPART-IML), total learning (SRT-TL 
and SPART-TL), delayed recall (SRT-DR and SPART-DR), verbal 
long-term storage (SRT-LTS) and retrieval (SRT-CLTR) abilities  
(Table 2). In addition, when the errors made in total visual learning 
(SPART-TL/Con) were evaluated, a significant improvement was 
found within 6 months [F(1, 59)=4,713, p=0.034]. There was a 
decrease in errors made during visual learning in both groups. 
Table 2 shows that this significant change was at the trend level 
between the groups [F(1, 59)=3,660, p=0.061; Figure 1].

When the effect of the exercises performed for 6 months 
was evaluated on working memory and ability to maintain 
attention (PASAT 3”), a significant improvement was observed 
[F(1, 59)=21,202, p=0.000). However, as seen in Table 2, this 

Table 1. Demographic features of patients

n
TR nTR

% n %

Sex
Female 23 71.9 20 69.0

Male 9 28.1 9 31.0

Education

Primary 8 25.0 8 27.6

Secondary 0 0.0 2 6.9

High 7 21.9 9 31.0

Undergraduate 16 50.0 8 27.6

Graduate 1 3.1 2 6.9

MS type

RRMS 26 81.3 24 82.8

SPMS 5 15.6 4 13.8

CIS 1 3.1 1 3.4

Duration of TR usage (hr/weekly)
<4 19 59.4

≥4 13 40.6

TR: Telerehabilitation intervention, nTR: No telerehabilitation intervention, RRMS: Relapsing-remitting multiple sclerosis, SPMS: Secondary progressive multiple 
sclerosis, CIS: Clinically isolated syndrome

Figure 1. Change in 10/36 SPART-TL confabulation scores after the intervention period. (a) Within-subject effect: repeated measures 
ANOVA results of score change before splitting in the telerehabilitation (TR) and unstructured exercise (nTR) groups. (b) Between-subject 
effect: repeated measures ANOVA results of previous score change dividing those in the telerehabilitation (TR) and unstructured exercise 
(nTR) groups
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significant change was not observed between the groups  
[F(1, 59)=1,078, p=0.303; Figure 2].

In addition, it was observed that information processing speed, 
categorical and lexical verbal fluency, or interference skills did 
not change significantly within the 6 months or between the 
groups (p>0.05, Table 2).

Factors Affecting Cognitive Improvement After the 
Intervention Period

SPART-TL/Con and PASAT 3” scores were evaluated with repeated 
measures of the ANCOVA test. According to these results, it can 
be said that the total number of relapses of the patients [F(1, 
55)=6.257, p=0.015) is effective on the errors made in total 

Figure 2. Change in PASAT 3” scores after the intervention period. (a) Within-subject effect: repeated measures ANOVA results of score 
change before splitting in the telerehabilitation (TR) and unstructured exercise (nTR) groups. (b) Between-subject effect: repeated 
measures ANOVA results of previous score change dividing those in the telerehabilitation (TR) and unstructured exercise (nTR) groups

Table 2. The effects of the ıntervention period (baseline to month 6)

TR (n=32) nTR (n=29)
p** F*** p***

Baseline* Month 6 Baseline Month 6

SRT-IML 4.75±1.29 5.34±1.51 5.72±1.50 4.96±1.20 0.660 0.963 0.330

SRT-TL 7.73±1.46 7.92±1.47 7.95±1.20 7.83±1.18 0.848 0.055 0.816

SRT-LTS 38.21±12.84 38.90±14.18 36.44±11.66 39.37±11.29 0.329 0.060 0.808

SRT-CLTR 28.93±12.94 29.00±16.22 25.82±10.35 28.44±12.99 0.454 0.391 0.534

SRT-Int 0.43±1.01 0.43±0.80 0.17±0.46 0.31±0.84 0.636 1,710 0.196

SRT-DR 7.56±2.72 7.46±2.79 6.75±2.42 7.34±2.36 0.360 0.580 0.449

SPART-IML 3.75±1.60 3.71±1.59 4.27±1.99 3.72±2.15 0.327 0.519 0.474

SPART-TL 4.54±1.44 4.80±1.53 5.20±1.55 4.67±1.58 0.567 0.712 0.402

SPART-TL/Con 3.23±1.93 3.12±1.61 4.39±1.36 3.37±2.01 0.034 3,660 0.061

SPART-DR 4.43±1.72 4.93±1.88 5.17±2.61 4.17±2.31 0.483 0.001 0.972

SPART-DR/Con 4.03±2.68 3.59±2.06 4.31±2.31 4.48±3.08 0.720 1,159 0.286

PASAT 3” 41.00±10.57 45.09±10.33 37.65±12.27 42.82±11.84 0.000 1,078 0.303

SDMT 35.65±14.02 37.62±14.78 37.62±13.02 34.75±12.15 0.578 0.018 0.895

COWAT-Animal 20.81±4.66 22.46±5.17 22.31±4.01 20.37±5.22 0.840 0.083 0.775

COWAT-KAS 31.96±14.35 37.43±15.22 32.72±14.44 31.86±13.19 0.055 0.478 0.492

COWAT-Total 53.09±16.86 59.28±18.49 54.34±18.00 52.93±17.14 0.090 0.351 0.556

STROOP D 45.55±30.48 41.86±25.43 47.20±28.30 56.74±38.22 0.327 1,269 0.264

BDI 11.25±9.72 10.62±9.24 12.68±6.86 11.13±6.25 0.254 0.268 0.607

TR: Telerehabilitation intervention, nTR: No telerehabilitation intervention, *mean ± standart deviation, **p-value of within-subjects effect, ***F and p-value of 
between subject effect, SRT-IML: Selective reminding test-immediate learning, SRT-TL: Selective reminding test-total learning, SRT-LTS: Selective reminding test-long 
term storage, SRT-CLTR: Selective reminding test-controlled long term retrieval, SRT-Int: Selective reminding test-intrusion, SRT-DR: Selective reminding test-delayed 
recall, SPART-IML: Spatial recall test-immediate learning, SPART-TL: Spatial recall test-total learning, SPART-TL/Con: Spatial Recall test-total learning confabulations, 
SPART-DR: Spatial recall test-delayed recall, SPART-DR/Con: Spatial Recall test-delayed recall confabulations, PASAT: Paced auditory serial addition test, SDMT: Symbol 
digit modalities test, COWAT: Controlled oral word association test, BDI: Beck depression inventory
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visual learning (SPART-TL/Con). Age, duration of disease, and 
age of onset of disease did not have any effect on this change. 
None of these covariates affected the improvement in working 
memory and ability to maintain attention (PASAT 3”, p>0.05).

Effects of the Silent Period on Cognitive Performance: 
Possible Protective Effect

Positive or negative cognitive differences after TR or exercise 
were evaluated with repeated measures ANOVA. Accordingly, 
no changes were observed in visual immediate learning 
(SPART-IML), total learning (SPART-TL), delayed recall (SPART-DR), 
errors in total learning and delayed recall (SPART-TL/Con and 
SPART-DR/Con), maintaining attention (PASAT 3”), information 
processing (SDMT), verbal fluency (COWAT), interference 
(STROOP D), or mood (BDI) (p>0.05). However, when verbal 
total learning (SRT-TL; F(1, 59)=4,860, p=0.031), long-term 
storage [SRT-LTS; F(1, 59)=9.37, p=0.003], retrieval [SRT-CLTR; 
F(1, 59)=8,576, p=0.005], and delayed recall [F(1, 59)=3,947, 
p=0.052] skills were evaluated, significant deterioration were 
observed in both groups. As shown in Table 3, it can be said 
that the verbal learning and recording capacities of both the TR 
group and the nTR group were not preserved after the 6-month 
exercise period.

Factors Affecting Cognitive Deterioration After a Silent 
Period

The factors affecting the performance decline of the patients at 
the end of the silent period were evaluated with the repeated 
measures ANCOVA test. Accordingly, it was observed that 
patients’ age [F(1, 55)=3,943, p=0.052] and a total number 
of relapses [F(1, 55)=5.269, p=0.026) affected the decrease 
in long-term verbal storage. In addition, disease duration  
[F(1, 55)=3,943, p=0.052), age of disease onset [F(1, 55)=4,079, 
p=0.048), and patient’s age [F(1, 55)=4,145, p=0.047) were found 
to be effective on delayed recall of verbal information (Figure 3).

Discussion

The present study showed that TR and unstructured mental 
exercises had no differential effect on cognitive performance 
at the end of the 6-month intervention period. At the end 
of this period, it was observed that the patient’s capacity to 
maintain attention (PASAT 3”) increased and the errors made 
while scanning visual information (SPART-TL/Con) decreased. 
However, these developments did not differ between groups. 
In addition, a decrease in verbal memory performance was 
observed at the end of the 6-month silent period after the 
intervention. In particular, learning verbal information (SRT-
TL), long-term storage (SRT-LTS), and recall (SRT-DR) skills have 
decreased. However, the decline in these skills did not differ 
between the intervention groups. In addition, it was observed 
that the improvement after the intervention period varied 
according to the number of relapses of the patients. It was 
found that factors, such as current age, disease duration, or 
disease onset age, did not affect this development. Contrary 
to these findings, the problems experienced in restoring verbal 
information at the end of the silent period are related to the 
duration of the disease and the age of onset of the disease.

There are few studies in which home-based cognitive TR 
practices have been applied to MS patients (18,19). These 
studies include fatigue, balance control, and strengthening 
exercises (20,21). In a randomized and double-blind study by 
Charvet et al. (19), the information processing (SDMT) and visual 
memory (BVMT-R) skills of the intervention group (adaptive 
cognitive remediation) improved. The reason for the difference 
in our results may be that the control group of this study was 
also semistructured. According to a TR meta-analysis by Di Tella 
et al. (18), the integrated TR approach mainly reduces physical 
problems and has little effect on cognitive impairments. It 
is noteworthy that most of the studies were conducted with 
populations other than MS, such as Alzheimer’s disease, mild 

Figure 3. Change in SRT-LTS and SRT-DR scores after a silent period. (a) Repeated measures ANCOVA results of the factors affecting 
the long-term storage of information in verbal memory after the silent period. (b) Repeated measures ANCOVA results of the factors 
affecting the delayed recall score change of stored data after the silent period
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cognitive impairment, and primary progressive aphasia. 
According to a meta-analysis by Cotelli et al. (22), the effects 
of cognitive rehabilitation are relatively limited, and the quality 
of the method needs to be improved. In addition, unlike our 
results, cognitive TR applied in neurodegenerative diseases is 
more effective than traditional face-to-face methods, but these 
results do not appear to be valid for MS disease for now.

Our study also evaluated in terms of mood levels. One study 
(23) has stated that depression affects cognitive performance, 
but no study has been found to evaluate its effect on TR. Unlike 
our study, most studies evaluated fatigue and quality of life (24).

Study Limitations

Some points should be evaluated in further research. The 
information obtained on the nTR group depended only on 
the verbal statement of the participant, and the absence of 
weekly follow-up interviews over the phone is an important 
shortcoming of this study. In addition, there are studies in 
which the intervention and silent period are kept shorter 
because assessing the rehabilitation effect is difficult (25,26). 
The follow-up of the intervals between neuropsychological 
assessments may be determined differently in further studies. 

One of the data not included in the study is the drugs used 
by the participants and the duration of use of these drugs. 
Although studies are showing that interferon and natalizumab 
treatments did not provide a significant improvement in 
sustained attention, delayed recall, or information processing 
skills in both the treatment group and placebo group, it would 
be useful to include data on the drugs used in the study (27,28).

Conclusion

The present study found that the long-term effects of home-
based TR are not discriminating between groups. In addition, the 
errors made during visual learning decreased and the attention 
span increased in all groups. However, this development was not 
observed in the silent period; conversely, regression was shown 
in the verbal learning processes independently of the groups. In 
our study, there was a difference between benign MS patients 
and RRMS patients, which used face-to-face rehabilitation 
software, although there was a need for improvements in 
remote application. Furthermore, the difference between these 
results is due to the evaluation intervals, the adequacy of the 
practitioner interface, and the lack of structuring of the control 
exercises.

Table 3. Effects of silent period (month 6 to month 12)

TR (n=32) nTR (n=29)
p** F*** p***

Month 6* Month 12 Month 6 Month 12

SRT-IML 5.34±1.51 5.65±1.57 4.96±1.20 5.00±1.36 0.369 2.737 0.103

SRT-TL 7.92±1.47 7.66±1.62 7.83±1.81 7.36±1.55 0.031 0.444 0.508

SRT-LTS 38.90±14.18 34.25±15.91 39.37±11.29 34.72±13.73 0.003 0.021 0.885

SRT-CLTR 29.00±16.22 24.96±14.89 28.44±12.99 24.31±14.04 0.005 0.030 0.863

SRT-Int 0.43±0.80 0.34±0.70 0.31±0.84 1.10±1.44 0.060 3.310 0.074

SRT-DR 7.46±2.79 6.87±2.88 7.34±2.36 6.89±2.25 0.052 0.007 0.934

SPART-IML 3.71±1.59 4.28±1.98 3.72±2.15 4.13±1.80 0.091 0.031 0.861

SPART-TL 4.80±1.53 4.67±1.58 5.25±1.82 5.00±1.84 0.098 0.256 0.615

SPART-TL/Con 3.12±1.61 3.09±1.90 3.37±2.10 3.22±2.22 0.678 0.175 0.677

SPART-DR 4.93±1.88 5.25±2.06 4.17±2.31 5.02±2.17 0.105 1.465 0.231

SPART-DR/Con 3.59±2.06 3.62±2.25 4.48±3.08 3.72±2.96 0.278 0.725 0.398

PASAT 3” 45.09±10.33 43.87±11.16 42.82±11.84 43.34±11.34 0.758 0.283 0.597

SDMT 37.62±14.78 36.71±12.09 34.75±12.15 35.34±12.95 0.901 0.468 0.496

COWAT-Animal 22.46±5.17 21.65±4.81 20.37±5.22 20.44±4.93 0.571 2.187 0.144

COWAT-KAS 37.43±15.22 35.93±14.32 31.86±13.19 29.44±11.88 0.131 3.360 0.072

COWAT-Total 59.28±18.49 57.90±17.76 52.93±17.14 49.55±15.50 0.118 3.099 0.084

STROOP D 41.86±25.43 41.19±27.85 56.74±38.22 55.27±36.75 0.691 3.424 0.069

BDI 10.62±9.24 10.75±7.70 11.13±6.25 9.96±6.85 0.626 0.007 0.934

TR: Telerehabilitation intervention, nTR: No telerehabilitation ıntervention, *mean ± standart deviation, **p-value of within-subjects effect, ***F and p-value of 
between subject effect, SRT-IML: Selective reminding test-immediate learning, SRT-TL: Selective reminding test-total learning, SRT-LTS: Selective reminding test-long 
term storage, SRT-CLTR: Selective reminding test-controlled long term retrieval, SRT-Int: Selective reminding test-intrusion, SRT-DR: Selective reminding test-delayed 
recall, SPART-IML: Spatial recall test-immediate learning, SPART-TL: Spatial recall test-total learning, SPART-TL/Con: Spatial recall test-total learning confabulations, 
SPART-DR: Spatial recall test-delayed recall, SPART-DR/Con: Spatial recall test-delayed recall confabulations, PASAT: Paced auditory serial addition test, SDMT: Symbol 
digit modalities test, COWAT: Controlled Oral Word Association Test, BDI: Beck depression inventory
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