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Introduction
Cognitive rehabilitation is the collective label for a wide range 

of therapeutic interventions [1]. Their purpose is to reduce the 
adverse effects that cognitive impairments have on every aspect of a 
person’s life. In most countries cognitive rehabilitation is provided by 
psychologists and occupational therapists or their assistants, although 
other professionals are also involved [2]. According to the literature 
in subjects with brain injuries cognitive rehabilitation may improve 
recovery from neuropsychological impairment. From this view, 
neuropsychology is a part of rehabilitation procedures encompassing 
both assessment and treatment of sequelae [3,4]. The important issue is 
that cognitive impairment is common in patients with acquired brain 
injury and influences negatively the rehabilitation outcome. The aim 
of the study was to investigate effectiveness of RehaCom cognitive 
rehabilitation software compared to creative activities program in 
neuropsychological parameters in patients with cognitive deficits due 
to acquired central nervous system disorder. 

Method of the Study
The study took place in a Rehabilitation Centre and included 

patients with 4 different neurological conditions: a) cerebrovascular 
accident (CVA) and included patients (men and women, 2:1) with left 
hemiplegia, b) CVA right hemiplegia, c) Multiple Sclerosis (MS) and 
d) Traumatic Brain Injury (TBI). Subjects were divided in 2 groups: 

control (A) group (n=41) and RehaCom cognitive rehabilitation 
software intervention (B) group (n=56) (mean age: 51.7 years, range: 
20-79 years) (Figure 1). The intervention group participated in the 
RehaCom cognitive rehabilitation software program, whilst the 
control group in a creative activities program. Subjects who followed 
creative activities program were enrolled for 40 minutes, 4 times 
per week, in a program based in activities including games, memory 
tests, reading, discussing the news, music, cooking etc. Both groups 
followed a rehabilitation program based on their needs (physical 
therapy, occupational therapy, psychological support), in addition 
to the creative activities or RehaCom intervention. Each subject was 
interviewed and clinically examined by the last author (EK) according 
to a baseline personal data questionnaire based on anthropometric 
and clinical information. The protocol was designed according to the 
Declaration of Helsinki and approved by the local ethics Committee. 
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All subjects gave written informed consent to be included in this study. 
Upon their admission, a cognitive skill evaluation was performed in the 
patients of both groups based on the Montreal Cognitive Assessment 
(MoCA) psychometric screening test which is validated for Greek 
population (Figure 2) [5,6]. The MoCA test is a short in duration (10–
15 min) 30-point screening test that measures a number of cognitive 
domains such as visuospatial abilities, executive function, short-term 
memory, attention/concentration, language, abstract thinking, and 
orientation [7-9]. 

Patients included in the intervention group attended RehaCom 
program (www.rehacom.gr) sessions of neuropsychological 
intervention for 30 minutes, 3 times per week for >3 weeks. The 
RehaCom program has 20 different therapeutic activities to improve 
cognitive function disorders in attention, perception, memory, 
executive functions, etc. Specific activities were selected, depending on 
each patient’s deficit, as follows: attention and concentration (n=42), 
reaction behavior (n=45), visuo-constructive ability (n=6), verbal 
memory (n=30), topological memory (n=33), visuo-motor coordination 
(n=9) and exploration (n=30) (Table 1). For more information about 
these tests please see here [10]. During the first session of an activity, the 
patient started from minimum level of difficulty, whilst consequently, 
the program itself adjusted and increased automatically the level, 
depending on the patient’s answers in the activity tasks. In each of 
the following sessions, the patient would continue from the level he 
had reached. The software automatically adjusts the difficulty level 
of each session on the basis of performance and recorded numerous 
individual performance parameters. The therapist was case-by-case, 
encouraging or instructional. Finally, a psychometric reevaluation 
followed on, using the MoCA test by a specialized psychologist (AP). 
As an additional rehabilitation progress measure, the modification of 
the last session’s level of difficulty was evaluated compared to the one 
of the first session for each activity. Statistical analysis of the data was 
performed using the SPSS version 20.0 (SPSS, Inc., Chicago, Illinois). 
All subjects’ characteristics were quantitative variables and they were 
expressed as the mean ± standard deviation. Descriptive statistics were 
used (percentage, mean and standard deviation). To assess intervention 
effect, differences between pre- and post-training measures of attention 
and concentration, reaction behavior, visuo-constructive ability, 
topological memory, visuo-motor coordination and exploration test 

performance were analyzed using the Student t test. All tests were two 
tailed and statistical significance was considered for p<0.05.

Results
The average RehaCom intervention participation time was 115 

± 70 days (range 30-372). It was observed that MoCA score in the 
intervention group B on discharge was statistically significantly higher 
than admission (p<0.001), while in controls of group A was not, 
presenting a 4.3-point and 1.2-point increase in their MoCA test at the 
end of their hospitalization, respectively. Patients reached a significantly 
higher level of difficulty in all tasks during the last session compared 
with initial appointed level by the therapist, with the highest degree 
of improvement found in activities of attention and concentration 
and exploration presenting a 5.7 and 5.2 increase respectively 
(p<0.05). Similar trends of improvement were found in secondary 
parameters (reaction time, number of mistakes, data non shown).   
Regarding the intervention group evaluated with MoCA (n=48), 45 of 
them had at least a 1-point improvement, whilst only 1 was static and 
2 patients had a -1 and -2-point decrease in MoCA score respectively, 
without however a change in their cognitive rating.   
Patients who started with a low MoCA score benefited more from 
exercising with the RehaCom program. The level of difficulty that the 
patients reached in the last session was significantly higher than the one 
at the beginning, with the increase for each activity depending on the 
type of the patient’s cognitive disorder. A similar increase trend was 
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Figure 1. Participants according to diagnosis in control and intervention group.

Table 1. Rehacom tasks used in this study according to the disease.
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Figure 2. Greek version of Montreal Cognitive Assessment. Edited and translated in Greek by Kounti F. and Tsolaki M., Greece 2006.
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observed for the separate performance parameters (ex: reaction time, 
number of mistakes, etc.), which are not presented in this text. 

The sub-group that seemed to have derived the most advantage is 
the CVA, right hemiplegia (average MoCA score increase: 6 points), 
following the TBI (4.3-point increase). Particularly subjects with 
cerebrovascular accident (CVA) right hemiplegia and expressive 
aphasia (n=4) of control group (group A) were able to follow a 
simple command upon entering the program whereas none of them 
could follow a complex command. However, in the end, only 1 could 
successfully follow a complex command (25%), while in intervention 
group B (in this group only 1 of 8 subjects had the ability to follow a 
complex command upon entering the program) after the end of the 
intervention the rest 7 subjects were capable of successfully following 
a complex command (100%), meaning the successful rate of the 
intervention in this group in our study was 100% vs. 25% compared 
with control group A, (p<0.001).

The increase of the difficulty level upon exit for each activity 
had a positive correlation with the exit MoCA difference. 
The highest correlation arose from the activity “attention and 
concentration“(matching images) (p<0.05) (Figure 3).

Discussion/Conclusion
All subjects were improved according to MoCA parameters 

after the employment of RehaCom cognitive rehabilitation software 
compared to creative activity program. The sub-group that seemed 
to have derived the most advantage is the CVA, right hemiplegia. As 
far as the patients with expressive aphasia is concerned, all of them 
managed to follow a complex order by the end of RehaCom program. 
The increase of the difficulty level upon exit for each activity had a 
positive correlation with the exit MoCA difference, meaning that a 
patient’s increased performance in a specific activity, accompanied the 
equivalent cognitive functioning increase. 

The present study is in line with former studies showing that 
although there was no statistically significant difference in cognitive 
ability between the training group and control group in each test item 
before therapy, there was with computerized cognitive rehabilitation an 
improvement in cognitive assessment after therapy not only in stroke 
patients, but also in traumatic brain injury and multiple sclerosis [11]. 
However, patients with CVA, right hemiplegia seem to have a higher 
degree of improvement. Furthermore, its results are similar to those of 
Chen et al. who suggested that computerized cognitive rehabilitation 
is effective for recovery of cognitive function of patients presenting 

cognitive impairment after brain damage when conducted together 
with rehabilitation therapy [12].

In conclusion application of RehaCom improved the cognitive 
functions of patients with neurologic disorders, including highest score 
in psychometric assessment or improved ability to perform complex 
commands, finishing at discharge at a higher difficulty level than the 
first session for each RehaCom activity. Moreover, while monitoring of 
performance within the program (change of level and other individual 
parameters) the progress of cognitive rehabilitation was reflected. 
The automatic adjustment of the level of difficulty of the activities 
and the possibility of setting individual parameters personalizes the 
healing process in the context of a rehabilitation center with a maximal 
therapeutic benefit for the patient and the therapist. RehaCom has 
a statistically significant positive impact on the neuropsychiatric 
rehabilitation of patients with central nervous system disorders.  
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Figure 3. Statistical significance according to the disease:  p<0.001 CVA (left and right), 
p<0.05 TBI, p<0.001 MS.
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