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Introduction: Traumatic brain injury (TBI) is one of the leading causes of long-term disability 
worldwide. Occupational therapy interventions in these patients are mainly focused on 
improving patients’ ability to perform daily occupations. Transcranial direct current stimulation 
(tDCS) is a non-invasive brain stimulation technique whose potential for motor and cognitive 
recovery of patients with TBI has been investigated; however, its effect on functional outcomes 
following TBI is unknown. This study aims to determine the effectiveness of tDCS combined 
with routine occupational therapy on the activities of daily living in patients with TBI.

Materials and Methods: This was a single-blind, randomized clinical trial. A total of 24 
patients with TBI were recruited using the convenience sampling method and were randomly 
assigned to the experimental (n=12) and control groups (n=12). Both groups underwent 
routine occupational therapy for 10 sessions (3 days per week), and the experimental group 
received tDCS (20 min) in addition to routine occupational therapy. Activities of daily living 
were assessed using the functional independence measure (FIM) at the baseline and the day 
after the end of the intervention.

Results: After a 10-session intervention, both groups experienced significant improvements 
in the cognitive subscale and the FIM total score (P<0.001). Additionally, the findings showed 
that these improvements were significantly higher in the experimental group (P<0.001). 

Conclusion: According to the findings, although routine occupational therapy can effectively 
improve the ability of patients with TBI to perform daily living activities, adding tDCS as a 
complementary intervention can accelerate recovery in these patients.
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Introduction

raumatic brain injury (TBI) is one of the 
leading causes of death and long-term dis-
abilities, especially in low- and middle-
income countries [1]. TBI is caused by an 
external physical force and may reduce 

or alter consciousness and impair cognitive, behavioral, 
physical, and functional abilities [2]. It consequently 
impacts the individuals’ ability to perform activities of 
daily living (ADL) and necessitates long-term care [2]. 
Approximately 65% of patients with moderate to severe 
TBI suffer from temporary or permanent motor, cogni-
tive, and mental deficits [3]; therefore, they will need 
close supervision or assistance to perform ADLs [4, 5].

More than half of patients with moderate to severe TBI 
and about 15% of patients with mild TBI experience 
long-lasting cognitive deficits [3]. Deficits of memory, 
attention, reasoning, executive functioning, and aware-
ness of deficits are the most common cognitive impair-
ments after TBI [3, 5]. Cognitive deficits adversely im-
pact these patients’ ability to perform ADLs more than 
any other residual motor deficits [6]. 

Occupational therapy in patients with TBI is mainly 
focused on improving the patient’s ability to perform 
daily occupations, enhancing cognitive function and ad-
aptations in the home environment [7]. Although reha-
bilitation is one of the critical services for these patients, 
regarding the devastating consequences of TBI on pa-
tients and their caregivers, finding effective and efficient 
interventions to accelerate and enhance recovery after 
TBI has been one of the goals and challenges of reha-
bilitation specialists. The advancement of technology in 
recent years has led to improving treatment outcomes for 
various diseases, including TBI.

Non-invasive brain stimulation (NIBS) techniques, in-
cluding transcranial direct current stimulation (tDCS), 
are among the techniques whose promising effects have 
recently been reported in patients with TBI [8]. tDCS is 
one of the safe and cost-effective NIBS techniques that 
has been studied in different disorders, including TBI 
[6]. tDCS is the application of a low-amplitude electrical 
current over the scalp [9]. It changes the resting poten-
tial in the neural membrane, decreases the accumulation 
of gamma-aminobutyric acid, increases cortical excit-
ability, and stimulates neural plasticity in these patients 
[9, 10]. Although limited studies have investigated the 
efficacy of tDCS in TBI [10], the potential of tDCS in 
facilitating the recovery of cognitive and motor function 

after TBI has been investigated, and promising results 
have been reported [8-10]. 

Since the frontal lobe and its related circuits have a 
critical role in cognitive functions and considering that 
cognitive function is one of the strongest predictors of 
functional recovery [3], the use of tDCS in the dorsolat-
eral prefrontal area to enhance cognitive function may 
improve the patient’s ability to perform ADLs. To the 
best of our knowledge, there is no evidence relating to 
the effectiveness of tDCS in improving these patients’ 
ability to perform ADLs, which are composed of mul-
tiple motor and cognitive tasks. Although evidence sug-
gests the efficacy of tDCS in improving ADLs in stroke 
survivors [11], the mechanism of recovery and neuro-
plasticity in patients with TBI may be different from that 
of stroke survivors [12]. Accordingly, the present study 
investigates the effectiveness of tDCS combined with 
routine occupational therapy on the ability of patients 
with TBI to perform ADLs.

Materials and Methods

Study participants

A total of 24 patients with TBI participated in this pilot 
randomized clinical trial. The eligible participants were 
recruited from consecutive admissions to the Pasteur 
Hospital in Bam City, Iran. The inclusion criteria were 
as follows: Being in the age range of 18-40 years, having 
motor injury mainly on the right side of the body, scoring 
10-24 on the mini-mental state examination (MMSE), 
having no history of epilepsy or other neurological and 
neuropsychiatric disorders, and absence of metal im-
plants in the body.

The patients receiving other therapeutic interventions 
and individuals who were absent in more than two ses-
sions were excluded.

Study intervention 

The participants were evaluated at baseline using the 
Persian version of the Functional Independence Measure 
(FIM) [13]. Then, they were randomly assigned to one 
of the experimental or control groups using the random-
number table. All participants received routine occu-
pational therapy 3 days per week for 10 sessions. The 
experimental group also received tDCS at the intensity 
of 2 mA and density of 0.057 mA⁄cm2 for 20 minutes. 
The anode electrode was located on the left dorsolateral 
prefrontal cortex, and the cathode electrode was on the 
right dorsolateral prefrontal cortex [14]. 

T
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In the control group, the duration of treatment sessions 
was the same as the experimental group, and the elec-
trodes were placed similarly. Still, the device was turned 
on for 25 seconds, and the current was turned off auto-
matically (sham condition) [14]. Both groups received 
routine occupational therapy interventions, including 
upper and lower limb stretching and strengthening ex-
ercises, range of motion exercises, balance exercises, 
and functional task practice. An experienced occupa-
tional therapist provided the intervention in both groups. 
Again, participants were assessed 24 hours after the last 
treatment session. Baseline and post-intervention evalu-
ations were performed by an experienced occupational 
therapist unaware of group allocation. 

Data collection instrument

Functional Independence measure 

The participant’s ability to perform ADLs was evalu-
ated using the FIM. The FIM is one of the most common 
tools to assess the level of disability in various neuro-
logical disorders [15]. It was designed by Corrigan et al. 
to evaluate the level of disability. It consists of 18 ADLs 
that fall into one of two motor (self-care, sphincter con-
trol, transfers, and locomotion) or cognitive subscales 
(communication and social cognition). Each activity is 
scored on a 7-point scale from 1 (completely dependent) 
to 7 (completely independent). Higher scores indicate 
greater functional independence [16]. FIM is a valid, re-
liable, and highly sensitive tool for assessing functional 
independence in patients with TBI [16, 17].

Statistical analysis

The Kolmogorov-Smirnov test assessed the normal 
distribution assumption. The test demonstrated the nor-
mal distribution of the total score of the FIM and its mo-
tor subscale in both groups. Still, the normal distribu-
tion of the cognitive subscale scores was not approved 

in the control group. The independent t-test and paired 
sample t-test were used for between-group and within-
group comparisons. The statistical significance was set 
at P<0.05.

Results

A total of 29 patients with TBI were included in the 
study. Two participants from the experimental group 
(due to COVID-19 infection) and 3 participants from the 
control group (one was infected with COVID-19, and 
two received other treatments during the study) were ex-
cluded. Finally, 24 participants (12 participants in each 
group) completed the study (Figure 1). No significant 
differences were observed between the groups in the 
main baseline variables. The participants in both groups 
had moderate to severe TBI (Glasgow coma scale score 
of 5-13) [18] and experienced moderate cognitive defi-
cits (MMSE score of 14-24). The demographic charac-
teristics of the participants were comparable between 
the two groups (Table 1). 

The results of the paired samples test exhibited sig-
nificant changes between baseline and post-interven-
tion in the total score of the FIM and its subscales in 
both groups. The results of the independent samples t-
test showed no significant difference between the two 
groups in the total score of the FIM and its subscales at 
the baseline; however, it demonstrated significant dif-
ferences between the two groups for the total score of 
the FIM and its cognitive subscale at post-intervention 
(Table 2). In other words, both control and experimental 
groups experienced significant improvement in the total 
scores of the FIM and its subscales. However, the ex-
perimental group demonstrated greater improvement in 
the FIM and cognitive subscale than the control group. 
According to Table 2, routine occupational therapy, in 
addition to tDCS, was more effective in improving cog-

Table 1. Demographic characteristics of the participants 

P Experimental (n=12)Control (n=12)Characteristic

0.838/49/3Sex (male/female)

0.0729.67±6.2828.25±5.97Age (y) 

0.8311/112/0Education (high school/university)

0.5319.67±3.2318.67±3.63Mini-mental state examination

0.518.75±2.569±2.79Glasgow coma scale 
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Table 2. Comparison of Functional Independence Measure in participants

Outcome Measure Evaluation Time
Mean±SD

P
Control (n=12) Experimental (n=12)

FIM total score 

T0 47.75±2.42 49.33±2.15
≤0.001

T1 72.33±5.45 82.92±3.03

P ≤0.001 ≤0.001

Motor subscale 

T0 36.08±2.75 38.42±1.78
0.081

T1 52.92±5.98 52.42±3.47

P ≤0.001 ≤0.001

Cognitive subscale

T0 11.67±1.49 10.92±1.83
≤0.001

T1 19.42±4.29 30.50±1.83

P ≤0.002 ≤0.001

Notes: T0=baseline and T1=post-intervention.

FIM: Functional independence measure; SD: Standard deviation.
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Figure 1. Flow diagram of the participants through the trial
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nitive function and disability level than routine occupa-
tional therapy alone. 

Discussion

To the best of our knowledge, this is the first study to 
investigate the effects of tDCS on the ADL of patients 
with TBI. The findings showed that routine occupational 
therapy and routine occupational therapy plus tDCS lead 
to significant improvements in ADL of patients with TBI 
(FIM and its subscales); however, improvement in the 
patients who received tDCS in addition to routine oc-
cupational therapy intervention is significantly higher. 
In other words, tDCS, and especially the stimulation of 
areas related to cognition, can accelerate functional re-
covery in these patients.

It seems that tDCS, like other non-invasive brain stim-
ulation techniques stimulates structural and functional 
neuroplasticity through synaptic strengthening and 
dendritic sprouting, and subsequently boosts or accel-
erates clinical recovery. tDCS can target different brain 
networks, including motor or cognitive networks, and 
impact motor or cognitive performance [9]. Although 
studies that have examined the effectiveness of tDCS 
in patients with TBI are scarce, and most have several 
methodological biases (e.g. the lack of blinding and 
randomization), they have reported improvements in 
cognitive, neuropsychological, and neurophysiological 
performance [9, 19].

The dorsolateral prefrontal cortex regions were stimu-
lated in the present study to affect the participants’ cog-
nitive performance. The dorsolateral prefrontal cortex is 
one of the brain areas that, similar to other parts of the 
prefrontal lobe, plays an essential role in multiple cog-
nitive functions, mainly divided attention and working 
memory [20]. Cognitive function plays a critical role in 
performing daily activities. It is one of the predictors of 
functional recovery in various neurological disorders, 
such as stroke, Parkinson disease, multiple sclerosis, and 
traumatic brain injuries [6, 21-23]. On the other hand, a 
small improvement in cognitive function may increase 
people’s ability to perform ADL [19]. Improving the 
ability of patients to perform daily activities in the pres-
ent study may also be related to improving their cogni-
tive functions. In other words, since cognitive perfor-
mance is one of the strong predictors of people’s ability 
to perform tasks and even for mobility [20], improving 
people’s ability to perform daily activities can be attrib-
uted to enhancing their cognitive performance.

The findings showed that the more significant improve-
ment in cognitive performance of the experimental group 
is associated with greater improvements in the ability to 
perform ADLs. As mentioned earlier, the evidence of the 
effectiveness of tDCS on the cognitive performance of 
patients with TBI is still in its infancy. Our findings are 
similar to the results of Lee et al. (2018), who reported 
improved cognitive function following tDCS on the dor-
solateral prefrontal cortex in patients with TBI [24] but 
were not following the findings of Lesniak et al. (2014), 
who did not find any positive effects of tDCS on mem-
ory and attention in patients with severe TBI. However, 
this finding may be due to the higher severity of TBI in 
patients in Lesniak’s study [25]. 

The present research was a pilot study on the effective-
ness of tDCS in TBI patients. The findings showed that 
although a 10-session routine occupational therapy pro-
gram is efficacious in improving the ability of patients 
to perform ADLs, adding tDCS to routine occupational 
therapy may induce more significant recovery. In other 
words, as a complementary intervention alongside rou-
tine occupational therapy, tDCS can facilitate recovery 
in these patients, although more studies are warranted.

One of the main limitations of the present study was 
the lack of a follow-up phase; in other words, the main-
tenance of the results was not investigated. Therefore, 
it is suggested that a follow-up phase be conducted in 
future studies to evaluate the maintenance of the results. 
Secondly, this study was conducted in relatively young 
patients, and since age negatively influences physical 
and cognitive functions, it is suggested to include older 
people in future studies to increase the generalizability of 
the findings. Finally, the participants in this study had a 
Glasgow coma scale score between 5 and 13; therefore, 
they had moderate to severe TBI [18]. Hence, the find-
ings should be cautiously generalized to patients with 
mild lesions. Additionally, it is suggested that similar 
studies be conducted in patients with mild lesions.

Conclusion

Cognitive impairments are among the most disabling 
consequences of traumatic brain injuries, and few inter-
ventional approaches are known for these deficits. Based 
on the findings of this pilot study, stimulation of the pre-
frontal areas through tDCS, along with routine occupa-
tional therapy, can boost the improvement of cognitive 
function and, subsequently, the ability of patients with 
TBI to perform daily living activities, although more 
studies are needed.
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