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Abstract 
Introduction: Cognitive dysfunction reduces patients’ quality of life and social participation with traumatic brain injury (TBI). 
Computerized cognitive rehabilitation is increasingly being used for cognitive therapy in TBI patients. The purpose of this study 
was to investigate the influence of age on the effect of computerized cognitive rehabilitation in cognitive dysfunction after TBI.

Material and methods: A total of 34 patients with cognitive dysfunction after TBI were enrolled. Participants performed 30 
sessions of computerized cognitive rehabilitation (Comcog) for 6 weeks. A cognitive evaluation was performed before and after 
treatment with Mini-Mental State Examination (MMSE) and Computerized Neurophyschologic Test (CNT).

Results: There were no cognitive tests that differed between the young group and the old group at baseline. However, after 
computerized cognitive rehabilitation, the young group showed significant improvement compared to the old group in verbal 
memory, visual memory, attention, and visuo-motor coordination tests. The young group showed improvement in MMSE, verbal 
and visual memory, and visuo-motor coordination tests after computerized cognitive rehabilitation. In contrast, the old group 
showed significant improvement only in MMSE and visual learning test, one of the visual memory tests.

Conclusion: Our findings demonstrate that age may be an important factor related to the effect of computer cognitive 
rehabilitation on cognitive dysfunction after TBI. Methodologically more ordered studies with larger sample sizes are needed in 
the future.

Abbreviations: CNT = computerized neurophyschologic test,CPT = continuous performance task, GCS = Glasgow Coma 
Scale, MMSE = mini-mental state examination, TBI = traumatic brain injury.
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1. Introduction

Traumatic brain injury (TBI) is a major cause of death and 
disability in people under the age of 45 in the United States.[1] 
Disorders are caused by focal and diffuse primary brain inju-
ries due to physical damage and secondary brain injuries due 
to complications such as hypoxia and intracranial hyperten-
sion.[2] 75% of patients with TBI have minor brain damage, 
10%–12% have moderate, and 10% have severe brain dam-
age.[3] 43% of patients requiring inpatient treatment continue 
to have physical, cognitive, and social disabilities one year 
after the onset of the injury.[4] Cognitive dysfunction, one of 
the sequelae of TBI, is a factor that contributes to disabil-
ity and degrades the quality of life of people with TBI and 
their families.[5,6] TBI causes impairments in several cognitive 

domains, including memory, executive function, attention, 
language functions, information processing speed, and visuo-
spatial processing, and reduces independence and social partic-
ipation in the academic, professional, and community settings 
of TBI patients.[7–10]

Recently, among the methods of cognitive rehabilitation, 
computerized cognitive rehabilitation has become an increas-
ingly popular treatment method for people with cognitive 
dysfunction.[11,12] Cognitive rehabilitation modifies cerebral 
activation and causes neuroplastic changes in patients with 
TBI.[13] Cognitive rehabilitation was proven to be effective 
for cognitive and functional dysfunction, including attention, 
social communication, and executive function deficits in TBI 
patients, and has been used for treatment for cognitive dys-
function after TBI.[14] Also, in a meta-analysis, it was confirmed 
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that computerized cognitive rehabilitation is effective for 
visual and verbal working memory.[15,16] It has been reported 
that computerized cognitive rehabilitation is more effective in 
the overall cognitive domain of TBI patients than conventional 
treatment.[17]

Among the demographic characteristics, age is an import-
ant factor in the prognosis of TBI.[18–21] Hukkelhoven et al[18] 
and Mushkudiani et al[19] showed that older age is associated 
with mortality and poor outcomes in TBI. Rabinowitz et al.[20] 
found that younger ages are associated with better cogni-
tive recovery in moderate to severe TBI. In addition, Fraser 
et al[21] reported that age predicts the recovery of cognitive 
function after TBI. However, studies on the effect of age on 
the effects of computerized cognitive rehabilitation after TBI 
are insufficient.

Therefore, the purpose of this study was to investigate the 
influence of age on the effect of computerized cognitive rehabili-
tation in patients with cognitive impairment after TBI.

2. Methods

2.1. Subjects

This retrospective study enrolled subjects who were diag-
nosed with TBI for the first time with magnetic resonance 
imaging and computerized tomography and transferred to the 
Department of Rehabilitation Medicine from March 2019 to 
February 2021. Inclusion criteria were: (1) Those who under-
went inpatient rehabilitation therapy for cognitive dysfunc-
tion after TBI; (2) an adult 18 years or older; (3) those who 
could maintain a sitting position on their own when they 
received computerized cognitive rehabilitation for 30 minutes. 
Exclusion criteria were: (1) uncooperative or unable to follow 
instructions; (2) visual or hearing impairments that prevent 
computerized cognitive rehabilitation; (3) inability to sit on 
a chair to perform computerized cognitive rehabilitation. A 
total of 64 patients with TBI were recruited, and when exclu-
sion criteria were applied, 34 patients were finally enrolled 
in the study. 17 people under the age of 60 were included in 
the young age group, and 17 people over the age of 60 were 
included in the old age group. The demographic characteris-
tics (age, sex, education level, post-onset duration, and distri-
bution of traumatic brain injury) and TBI severity (Glasgow 
Coma Scale [GCS] on admission) of the patients are shown in 
Table 1. The average age of all participants was 57.2 ± 18.1 
years old, 42.8 ± 14.0 years old in the young age group, and 
71.5 ± 6.7 years old in the old age group. The GCS on admis-
sion was 7.5 ± 3.6 in the young age group and 11.8 ± 3.0 in 

the old age group, which was lower in the young age group. 
The period of education was higher in the young age group, 
14.4 ± 2.3 years in the young age group, and 10.6 ± 3.5 years 
in the old age group. Sex ratio, post-onset duration, and base-
line MMSE score, distribution of traumatic brain injury did 
not differ between the two groups.

2.2. Computerized cognitive rehabilitation

The study participants received inpatient rehabilitation, includ-
ing physical therapy and occupational therapy, and cognitive 
therapy for a total of 30 sessions for 6 weeks, 5 times a week 
through Comcog® (Maxmedica, Seoul, Korea), a computerized 
cognitive rehabilitation program. A 30-minute treatment was 
performed per session. Comcog consists of 10 attention tasks 
to train visual and auditory attention, vigilance, dividing, and 
persisting attention. Comcog is a computerized cognitive reha-
bilitation program that is still actively used in various diseases 
such as stroke, TBI, mild cognitive impairment, and autism spec-
trum disorder.[22–26]

2.3. Cognitive assessment

The participants were evaluated before and after 6 weeks of com-
puterized cognitive rehabilitation. As cognitive evaluation tests, 
Mini-Mental State Examination (MMSE) and Computerized 
Neuropsychologic Test (CNT, version 4.0, Maxmedica, Seoul, 
Korea) were performed. CNT was developed to evaluate cog-
nitive function in patients with brain injury and consists of 6 
components; verbal memory (digital span forward, digital span 
backward, and verbal learning), visual memory (visual span 
forward, visual span backward, and visual learning), attention 
(auditory continuous performance task (CPT), visual CPT)), 
visuomotor coordination (trail making A and trail making B).[27] 
To explain the components further, the Verbal & Visual memory 
test is an evaluation of short-term memory, and the Digital span 
backward test is an evaluation of working memory as well as 
verbal memory.

2.4. Process

Before starting the cognitive rehabilitation, all participants 
underwent a computerized neuropsychological test (CNT) 
and a Mini-Mental Status Examination (MMSE) performed 
by occupational therapists. After the initial CNT evaluation, 
participants underwent 30 sessions of Comcog ® (Version 
1.0, Maxmedica, Seoul, Korea) five times per week. Each 

Table 1

Demographics and severity of traumatic brain injury in the participants at baseline.

 Total Young group Old group P 

n 34 17 17  
Age 57.2 ± 18.1 42.8 ± 14.0 71.5 ± 6.7 <.001*
Sex (M:F ratio) 24:10 13:4 11:6 .467
GCS on admission 9.7 ± 3.9 7.5 ± 3.6 11.8 ± 3.0 .001*
Post onset duration (d) 69.4 ± 39.1 73.9 ± 26.5 64.8 ± 49.0 .508
MMSE 18.2 ± 6.6 19.0 ± 6.3 17.4 ± 7.1 .512
Education (y) 12.5 ± 3.5 14.4 ± 2.3 10.6 ± 3.5 .001*
TBI lesion distribution
 � *Intra-axial injury: **Extra-axial injury: Intra- and Extra-axial injury 10:10:14 7:5:5 3:5:9 .254
 � Vertical distribution [supratentorial: infratentorial] 33:1 17:0 16:1 .310
 � Horizontal distribution [right: left: bilateral] 10:10:14 5:6:6 5:4:8 .842

Variables are presented as mean ± standard deviation.
GCS, Glasgow Coma Scale; MMSE, Mini-Mental State Examination.
*Intra-axial injury: Diffuse axonal injury, cortical contusion, intracerebral hematoma.
**Extra-axial injury: Epidural hematoma, subdural hematoma, subarachnoid hemorrhage, intraventricular hemorrhage.
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session lasted for 30 minutes. The Comcog provides 10 train-
ing activities: 2 auditory processing tasks that assess response 
time during auditory stimulation; 2 visual processing tasks 
that assess response time during visual stimulation; 2 selective 
attention tasks that track attention in distraction; 3 working 
memory tasks that assess recognition and recall memory using 
visual, auditory, and multisensory stimulation; and 1 emotional 
attention task that assesses responses to pleasant or unpleasant 
stimulation. After 30 sessions of Computerized cognitive reha-
bilitation, we reevaluated CNT and MMSE to determine the 
cognitive function improvement. The results of each CNT com-
ponent were presented based on a percentage. Then, the T-score 
was calculated.

2.5. Statistical analysis

The SPSS software (version 25 for Windows, IBM, New York, 
USA) was used for statistical analysis. An independent t-test 
was performed to compare the treatment effects between the 
young and old age groups. And paired t-test was performed 
to confirm the effect between treatments. Items that did not 
pass the normality test were analyzed by non-parametric tests. 
Results were considered statistically significant if the P-value 
was < .05.

2.5. Ethics approval

This study was approved by the Institutional Review Board 
of Kyungpook National University Chilgok Hospital (No. 
2019-05-008).

3. Results

3.1. Comparison of the effects of young age group and old 
age group

Table  2 shows the comparison of the cognitive tests of the 
young age group and the old age group evaluated at baseline 
and after computerized cognitive rehabilitation treatment. At 
baseline, there were no significant differences between the 
two groups in any test. However, after treatment, differences 
were observed between the two groups in the digital span for-
ward (young = 45.1 ± 15.7, after rehabilitation = 34.4 ± 6.9,  
P = .034) and digital span backward (young = 41.8 ± 13.1, 
after rehabilitation = 31.0 ± 4.8, P = .004) among verbal 

memory tests. In the visual memory tests, the young age 
group was better in the visual span forward (young = 
39.6 ± 11.7, after rehabilitation = 30.5 ± 5.7, P = .003) and 
visual span backward (young = 39.3 ± 12.3, after rehabilita-
tion = 30.4 ± 2.2, P = .009). This difference was also seen 
in the attention test, visual CPT (young = 51.6 ± 25.2, after 
rehabilitation = 30.1 ± 9.8, P = 0.018), and the visuo-motor 
coordination test, trail making B (young = 28.8 ± 21.2, after 
rehabilitation = 10.0 ± 14.0, P = .007).

3.2. Effects of computerized cognitive rehabilitation

In the young age group (Table 3), MMSE (baseline = 19.0 ± 6.3, 
after treatment = 25.1 ± 3.7, P ≤ .001) was improved after com-
puterized cognitive rehabilitation treatment. Among the verbal 
memory tests, all three tests: digital span forward (baseline = 
39.5 ± 15.1, after treatment = 45.1 ± 15.7, P = 0.026), digital span 
backward (baseline = 34.9 ± 12.9, after treatment = 41.8 ± 13.1, 
P = 0.030) and verbal learning (baseline = 23.8 ± 8.9, after treat-
ment = 28.8 ± 4.3, P = 0.027) showed significant improvement. 
In the visual memory tests, superior results were observed in 
all visual span forward (baseline = 34.7 ± 9.5, after treatment 
= 39.6 ± 11.7, P = 0.006), visual span backward (baseline = 
32.1 ± 5.5, after treatment = 39.3 ± 12.3, P = 0.001) and visual 
learning (baseline = 35.0 ± 13.2, after treatment = 44.8 ± 9.5, P = 
0.001). In the visuo-motor coordination tests, the scores of trail 
making A (baseline = 24.5 ± 16.0, after treatment = 31.5 ± 13.1, 
P = 0.035) and trail making B (baseline = 18.0 ± 21.5, after treat-
ment = 28.8 ± 21.2, P = 0.007) were also increased. However, no 
significant difference was seen in the attention test.

In the old age group (Table 4), significant improvement was 
observed in MMSE (baseline = 17.4 ± 7.1, after treatment = 
21.5 ± 5.2, P = 0.001). Among the visual memory tests, there 
was significant higher value in visual learning (baseline = 
34.5 ± 9.3, after rehabilitation = 41.4 ± 9.1, P = 0.041). Verbal 
memory, attention and visuo-motor coordination tests showed 
no significant differences.

4. Discussion
In our study results, there were no cognitive evaluation items 
that differed between the young age group and the old age 
group at baseline. However, after computerized cognitive reha-
bilitation, the young age group showed significant improve-
ment compared to the old age group in verbal memory, visual 

Table 2

Comparisons of the effects of computerized cognitive rehabilitation according to age in patients with traumatic brain injury.

Assessments 

Baseline After treatment

Young (N=17) Old (N=17) Pbase Young (N=17) Old (N=17) Pafter 

MMSE 19.0 ± 6.3 17.4 ± 7.1 .563 25.1 ± 3.7 21.5 ± 5.2 .053
Verbal memory test
 � Digital span forward 39.5 ± 15.1 32.8 ± 7.1 .106 45.1 ± 15.7 34.4 ± 6.9 .034*
 � Digital span backward 34.9 ± 12.9 30.8 ± 5.9 .518 41.8 ± 13.1 31.0 ± 4.8 .004*
 � Verbal learning 23.8 ± 8.9 27.1 ± 0.7 .413 28.8 ± 4.3 27.4 ± 1.6 .394
Visual memory test
 � Visual span forward 34.7 ± 9.5 29.1 ± 2.6 .193 39.6 ± 11.7 30.5 ± 5.7 0.003*
 � Visual span backward 32.1 ± 5.5 29.7 ± 3.4 .306 39.3 ± 12.3 30.4 ± 2.2 .009*
 � Visual learning 35.0 ± 13.2 34.5 ± 9.3 .708 44.8 ± 9.5 41.4 ± 9.1 .131
Attention test
 � Auditory CPT 28.7 ± 13.6 30.2 ± 6.0 .892 33.0 ± 17.1 27.5 ± 15.9 .099
 � Visual CPT 37.6 ± 23.7 33.4 ± 12.5 .734 51.6 ± 25.2 30.1 ± 9.8 .018*
Visuo-motor coordination test
 � Trail making A 24.5 ± 16.0 21.0 ± 12.0 .433 31.5 ± 13.1 24.1 ± 9.4 .062
 � Trail making B 18.0 ± 21.5 6.3 ± 11.8 .114 28.8 ± 21.2 10.0 ± 14.0 .007*

CPT, continuous performance task, MMSE, Mini-Mental State Examination.
*P < .05; Pbase obtained from t-test between young and old groups at baseline; Pafter obtained from t-test between young and old groups after treatment.
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memory, attention, and visuomotor coordination tests. The 
young age group showed improvement in MMSE, verbal and 
visual memory, and visuomotor coordination tests after 6 
weeks of computerized cognitive rehabilitation. In contrast, 
the old age group showed significant improvement only in 
the MMSE and visual learning test, one of the visual memory 
tests.

Age is a strong predictor of overall prognosis as well as 
cognition in TBI patients.[18,19,28] In previous studies, age is 
associated with short-term recovery of cognitive functions 
after brain injury.[20,21,29,30] Griesbach et al[31] showed the 
interactions between chronic neurophysiological changes 
after TBI and the neurodegenerative process caused by aging 
make recovery slower. Additionally, another study found that 
older patients show a greater decline over the first 5 years 
after TBI than younger patients.[32] In order to plan an appro-
priate evaluation and rehabilitation treatment for functional 
maintenance and recovery of TBI patients, it is necessary to 
pay attention to the results that appear differently according 
to age as in our study. In addition, in comparison to healthy 
individuals in the same age range, cognitive impairments in 
elderly patients with TBI are evaluated in the context of nor-
mal neurocognitive aging processes. As a result, clinicians 

should be concerned not with the onset age of TBI, but with 
the difference between a normal neurocognitive aging process 
of an elderly patient with TBI.

We could think that differences in the effects of computerized 
cognitive rehabilitation according to age can be attributed to the 
fact that younger patients have a higher academic background 
and are familiar with the use of electronic devices. Computer 
technology is advancing rapidly and is gradually being incorpo-
rated into more and more everyday life and educational envi-
ronments.[33,34] Unlike the elderly, young people are much more 
accustomed to learning through desktop, laptop, and tablet per-
sonal computers.[35–37] Another study reported that the manual 
and computerized versions of the Wisconsin card sorting test 
were not equivalent.[38] Therefore, it is considered necessary to 
compare younger and elder patients who received only conven-
tional cognitive rehabilitation or both conventional and com-
puterized rehabilitation.

In 1986, Glisky et al[39] reported the first computer-assisted 
cognitive therapy. Since then, computerized cognitive reha-
bilitation has become a promising treatment for various dis-
eases such as stroke, mild cognitive impairment, dementia, and 
Parkinson's disease, which can cause cognitive decline in addi-
tion to TBI.[40–43] Computerized cognitive rehabilitation can be 
performed by the patient alone and has many advantages over 
conventional treatment methods, such as reducing the thera-
pist’s intervention time and providing immediate feedback on 
the outcome of the performance.[44] With the increasing use of 
computerized cognitive rehabilitation, we conducted this study 
to investigate the age-dependent differences in its effects on 
TBI patients. The effect of demographic factors, including age, 
on computerized cognitive rehabilitation, is methodologically 
arranged, and large-scale research are needed in the future.

Our research has several limitations. First, only a short treat-
ment effect of 6 weeks was observed. Cognition includes various 
elements of executive function, memory, visuospatial ability, and/
or language; therefore, the evaluation and treatment period in 
this study can be a bit short to see the course of cognitive func-
tion recovery. Therefore, it was not possible to evaluate factors 
related to the long-term effect of more than 1 year. Second, in 
the young age group, the GCS on admission was worse, but the 
average years of education were longer than in the old age group. 
In addition to age, these factors may have contributed to differ-
ences in treatment effects. Third, our study could cause sampling 
of bias. Since only patients who needed inpatient rehabilitation 
after brain injury were involved, it was impossible to evaluate 
mild TBI without inpatient treatment. Also, we enrolled patients 
who could maintain a sitting position on their own when they 
received computerized cognitive rehabilitation for 30 minutes. 
Fourth, the sample size was relatively small with a total of 34 
people. If the sample size is larger, the demographic characteristic 
may not show differences in GCS or education period between 
each group. Further study is needed to confirm the age-depen-
dent effects of computerized cognitive rehabilitation in TBI.

5. Conclusion
Our findings demonstrate that age may be an important fac-
tor related to the effect of computer cognitive rehabilitation 
on cognitive dysfunction after TBI. Methodologically more 
ordered studies with larger sample sizes are needed in the 
future.
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Table 3

Effect of computerized cognitive rehabilitation in young age 
group (n = 17).

Tests Baseline After treatment P 

MMSE 19.0 ± 6.3 25.1 ± 3.7 <.001*
Verbal memory test
 � Digital span forward 39.5 ± 15.1 45.1 ± 15.7 .026*
 � Digital span backward 34.9 ± 12.9 41.8 ± 13.1 .030*
 � Verbal learning 23.8 ± 8.9 28.8 ± 4.3 .027*
Visual memory test
 � Visual span forward 34.7 ± 9.5 39.6 ± 11.7 .006*
 � Visual span backward 32.1 ± 5.5 39.3 ± 12.3 .001*
 � Visual learning 35.0 ± 13.2 44.8 ± 9.5 .001*
Attention test
 � Auditory CPT 28.7 ± 13.6 33.0 ± 17.1 .184
 � Visual CPT 37.6 ± 23.7 51.6 ± 25.2 .059
Visuo-motor coordination test
 � Trail making A 24.5 ± 16.0 31.5 ± 13.1 .035*
 � Trail making B 18.0 ± 21.5 28.8 ± 21.2 .007*

CPT, continuous performance task, MMSE, Mini-Mental State Examination.
*P < .05.

Table 4

Effect of computerized cognitive rehabilitation in old age group 
(n = 17).

Tests Baseline After treatment P 

MMSE 17.4 ± 7.1 21.5 ± 5.2 .001*
Verbal memory test
 � Digital span forward 32.8 ± 7.1 34.4 ± 6.9 .220
 � Digital span backward 30.8 ± 5.9 31.0 ± 4.8 .905
 � Verbal learning 27.1 ± 0.7 27.4 ± 1.6 .655
Visual memory test
 � Visual span forward 29.1 ± 2.6 30.5 ± 5.7 .288
 � Visual span backward 29.7 ± 3.4 30.4 ± 2.2 .281
 � Visual learning 34.5 ± 9.3 41.4 ± 9.1 .041*
Attention test
 � Auditory CPT 30.2 ± 6.0 27.5 ± 15.9 .500
 � Visual CPT 33.4 ± 12.5 30.1 ± 9.8 .592
Visuo-motor coordination test
 � Trail making A 21.0 ± 12.0 24.1 ± 9.4 .223
 � Trail making B 6.3 ± 11.8 10.0 ± 14.0 .257

CPT, continuous performance task; MMSE, Mini-Mental State Examination.
*P < .05.
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