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 Background: This study was conducted to investigate the effects of low frequency repetitive transcranial magnetic stimula-
tion (rTMS) of the right dorsolateral prefrontal cortex on depression and cognition in patients with traumatic 
brain injury.

 Material/Methods: To accomplish this, 13 patients who were diagnosed with traumatic brain injury were divided into an experi-
mental group (n=7) and a control group (n=6). The experimental group received rTMS during a 30-minute ses-
sion 5 days per week for 2 weeks; the control group received sham rTMS. The patients were then evaluated for 
depression using the Montgomery-Asberg Depression Rating Scale (MADRS) and for cognitive function using 
the Trail Making Test (TMT) and the Stroop Color Word Test (SCWT).

 Results: A significant decrease in MADRS, TMT, and SCWT was observed after the intervention in the experimental group 
(P<0.01), and there was a significant difference in the change value of MADRS, TMT, and SCWT compared to 
the control group (P<0.01). Moreover, the effect size for gains in the experimental group and control group was 
very strong for MADRS, TMT, and SCWT (effect size=1.44, 1.49, and 1.24 respectively).

 Conclusions: The results of this study suggest that application of low frequency rTMS to the right dorsolateral prefrontal 
cortex of patients with traumatic brain injury has a positive effect on depression and cognition.
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Background

Any impact on the skull causes physical damage to brain tis-
sues and blood vessels, which can subsequently cause many 
other intracranial problems. Specifically, secondary problems 
can arise from physical and biochemical processes, such as 
changes in intracranial pressure. Such traumatic brain injury 
(TBI) can involve temporary or permanent damage to brain 
function [1]. This damage has been reported to lead to prob-
lems with motor control, cognitive function, executive function, 
and mood control [2]. Brain injury affects various structures de-
pending on the location of the impact, and there is large het-
erogeneity among the symptoms that occur even when sim-
ilar injuries occur on the surface [3]. This is because tissue 
damage can occur not only at the initial point of skull impact, 
but also in the contralateral hemisphere [1].

Diffuse axonal injury accounts for approximately one-third of 
TBI deaths, and TBI survivors often have cognitive and mood 
disorders as well as motor deficits [4]. Among the TBI reported 
symptoms, depression is common [5].

Transcranial magnetic stimulation (TMS) is a neuromodulatory 
tool that uses magnetic fields to induce nervous activity non-in-
vasively [6]. Repeated application of TMS at regular intervals is 
called repetitive TMS (rTMS), which increases or decreases cor-
tical activation based on the frequency of stimulation [7]. In this 
process, the magnetic field passes through the skull and pro-
duces an electrical current that induces activity of the cortical 
neurons. Repetitive pulses of TMS can alter the excitability 
of neurons: with high frequency (>5 Hz) producing neural ex-
citability and with low frequency (~1 Hz) suppressing neural 
excitability. One of the main advantages of rTMS is that it is 
safe and has no serious side-effects [6]. rTMS has been shown 
to be effective at treating schizophrenia, depression, Parkinson 
disease, aphasia, and cognitive disorders [8–13]. The fact that 
the modulating effects of rTMS can last longer than the ap-
plication period indicates that it is a promising treatment for 
various neuropsychiatric disorders [14]. These effects are con-
sidered to be prolonged after-effects cause by modulation of 
long-term depression and long-term potentiation between syn-
aptic connections associated with neuroplasticity [15].

Several studies have suggested that rTMS may be applied to 
patients with TBI based on evidence of rTMS treatment ap-
plied to non-TBI patients [16,17].

According to previous studies, the dorsolateral prefrontal cor-
tex is a typical target to stimulate rTMS in relation to depres-
sion and cognitive impairment [18]. One study showed im-
provement of cognition in response to application of rTMS to 
the dorsolateral prefrontal cortex of patients with Parkinson 
disease [19]. Fitzgerald et al. reported that depression was 

improved by applying rTMS to the dorsolateral prefrontal cortex 
of patients with TBI [20]. Some studies have shown improve-
ments in line bisection and clock drawing task performance 
after applying low frequency rTMS to the contralesional pari-
etal region of patients with visuospatial neglect [21,22]. Other 
studies have applied rTMS to the dorsolateral prefrontal cor-
tex to improve the executive function of patients with TBI [23].

Reti et al. suggested that low frequency is better than high 
frequency when rTMS is applied to patients with TBI [24]. In a 
previous study, low frequency rTMS was applied to the ante-
rior portion of Broca area, which showed a significant effect 
on naming accuracy, latency, and repetition compared to the 
sham rTMS group [25]. Taken together, previous studies sug-
gest that low frequency rTMS is more appropriate for the treat-
ment of depression in patients with TBI.

The effects of rTMS on the improvement of clinical symptoms in 
stroke patients has been actively studied, but there have been 
few studies on the cognitive recovery when rTMS is applied to 
a patient with TBI having depression and cognition problems.

This study aimed to investigate the effects of low frequency 
rTMS on the right dorsolateral prefrontal cortex of patients 
with TBI on depression and cognition.

Material and Methods

This study investigated 15 patients with TBI, who were 19 to 
60 years old and who were of both genders. The sample size 
for this study was calculated using the G* Power program 
3.1.0 (G power program Version 3.1, Heinrich-Heine-University 
Düsseldorf, Düsseldorf, Germany). Based on data from a pilot 
study, the estimated sample size required to obtain a minimum 
power 80% at a significant alpha of 95% was 13. Accordingly, 
15 participants were recruited to account for a potential drop-
out rate of 20%.

All patients were recruited through the Inpatient Department 
of the D Rehabilitation Hospital in Daejeon. The inclusion cri-
teria were as follows: patients who had less than 6 months 
TBI diagnosis and were medically stable. In addition, patients 
with Glasgow Coma Scale scores of 9 to 15 were included in 
the study [26].

The exclusion criteria were as follows: 1) history of seizure, 
2) implanted devices, 3) Montgomery-Asberg Depression Rating 
Scale (MADRS) 35–60 score (severe depression) [29], 4) cardiac 
pacemaker, and 5) other rTMS contraindications.

Although 15 patients were initially recruited, 2 were excluded 
because of severe depression; therefore, a total of 13 patients 
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participated in the study. Informed consent was obtained 
from all patients after sufficient explanation of the proce-
dures. The study was approved by the Ethics Committee of 
Daegu University.

First, patients were selected and randomly divided into 2 
groups. Randomization was performed using a sealed enve-
lope containing a card labeled 1 or 2, with those receiving a 1 
were assigned to the experimental group and those receiving a 
2 were assigned to the control group. The experimental group 
(n=7) received real rTMS and the control group (n=6) received 
sham rTMS. All patients were blinded to their group assign-
ment until the study was completed.

All patients received neurodevelopmental therapy (NDT) for 
muscle strengthening and movement re-education, and rTMS 
intervention was performed after NDT. The intervention was 
conducted for 30 minutes at a time, 5 times a week for a total 
of 10 days (5 consecutive weekdays, with 2 days off during 
weekends).

rTMS was performed using a Magstim Rapid stimulator (The 
Magstim Company Ltd., UK) centered over the right dorsolateral 
prefrontal cortex based on the F4 position of the International 
10–20 system. According to Pascual-Leone et al., the right dorso-
lateral prefrontal cortex is located 5 cm anterior of the primary 
motor cortex of the right hemisphere [27]. The figure-eight coil 
has an external loop diameter of 70 mm that is connected to 
a magnetic stimulator. Low-frequency rTMS (1 Hz) was applied 
to each patient using an intensity of 100% of resting motor 
threshold. The resting motor threshold refers to the minimum 
stimulus intensity that can cause a 50-mV amplitude motor-
evoked potential in target muscle more than 5 times in 10 con-
secutive attempts [18]. Each session will consist of 50 trains of 
40 pulses on each train separated by 25-second pauses applied 
at 1 Hz. Surface electromyography electrodes were used to re-
cord from the belly of the left abductor pollicis brevis muscle. 
The sham rTMS was performed with a sham coil of the same 
size and shape as the coil used in the real rTMS without any 
stimulation on the cortex.

All measurements were performed before rTMS intervention 
and after rTMS intervention for 10 sessions.

The MADRS was developed from the Comprehensive 
Psychopathological Rating Scale for assessment of the emo-
tional, physical, cognitive, and behavioral symptoms of depres-
sion [28]. The item is composed of 10 depressive symptoms 
rated on a 7-point Likert scale (from 0 to 6), with a total score 
of 0 to 60. The total score was used to classify the severity 
of symptoms as follows: normal or absent 0–6; mild 7–19; 
moderate 20–34; severe 35–60 [29]. The participants of this 
study included those with a MADRS score of 14 to 30 points. 

According to previous studies, the intraclass correlation coef-
ficient of MADRS was ranged from 0.83 to 0.86 and was not 
affected by gender [30].

The Trail Making Test (TMT), which is one of the most widely 
used tools in neuropsychological assessment, has been shown 
to be a sensitive indicator of brain damage [31]. The purpose 
of the TMT is to evaluate the speed of processing, cognition, 
motor performance, and executive function [32-34]. This test 
consists of parts A and B. Part A requires sequentially connec-
tion of randomly distributed numbers on paper (i.e., 1–2–3–4), 
while TMT B requires connection of alternate numbers and let-
ters (i.e., 1–A–2–B–3–C). In this study, TMT A used paper with 
10 numbers, and TMT B used paper with 7 numbers and 7 
letters. Participants were asked to perform the task as rapidly 
and accurately as possible, and to record the time it took to 
complete the task [35]. The time required for TMT A and TMT 
B was then summed and used for analysis. The retest reliability 
of TMT A and B was between 0.76 and 0.89 and between 0.86 
and 0.94, respectively [36].

The Stroop Color Word Test (SCWT), which was developed by 
Stroop in 1935 to evaluate selective attention and cognitive 
flexibility, is now widely used for evaluation of executive func-
tion [37]. The stoop test, which consists of 3 components, is 
often used for brain damage testing. First, the participant is 
asked the name of a color in words (word task); second, they 
are asked for the color of an X bar (e.g., X in blue, red, or yellow 
ink, color task); third, they are asked for the ink color of the 
word written in ink that is a different color from the color name 
(e.g., the word “green” in red ink, color–word task). The color-
word task is considered to evaluate both cognitive flexibility 
and ability to inhibit a dominant response [38]. Scores can be 
assessed by the number of the words (word task), number 
of bar colors (color task), and number of color words (color-
word task) spoken within a specified time, or the time taken 
to complete each item [39]. In this study, the time required to 
complete 10 items for each of the 3 tasks was added up and 
used for analysis. The reliabilities of the basic scores for a sin-
gle administration were W=0.88, C=0.79, and CW=0.71 [40].

The Shapiro-Wilk test was used to test the normality of the 
variables, but did not satisfy the normal distribution, so we 
used a nonparametric test.

Before intervention, differences in the general characteristics of 
the experimental group and the control group were compared 
using the Mann-Whitney test and chi-square tests.

Wilcoxon signed-rank tests were performed to assess the be-
fore- and after-effects in each group. Mann-Whitney tests were 
used to assess differences between real rTMS and sham rTMS. 
For all analyses, P values <0.05 were considered significant. 
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Data were expressed as the mean ± standard deviation and 
statistical analysis was performed using SPSS version 20.0 
(IBM Corporation, Armonk, NY, USA).

Results

Figure 1 shows a flow chart of this study and Table 1 presents 
the basic characteristics data of the study participants. Thirteen 
participants completed this experiment. Table 2 shows a com-
parison of changes in the characteristics of the 2 groups. The 
experimental group showed significant improvement in post-
intervention MADRS, TMT, and SCWT compared to the pre-in-
tervention (P<0.05), whereas the control group did not. In ad-
dition, a significant difference in the post-intervention MADRS, 
TMT, and SCWT was observed between groups (P<0.05). The 
effect size of gains in the experimental and control groups 
was also very strong for the MADRS, TMT, and SCWT (effect 
size=1.44, 1.49, and 1.24, respectively).

Discussion

Using a single-blind protocol, this study showed the effects of 
low frequency rTMS applied to the right dorsolateral prefrontal 
cortex with a figure-eight coil at a frequency of 1 Hz on depres-
sion and cognition in patients after TBI. No adverse effects on 
depression or other symptoms were noted. When compared to 
the control group, significant improvements were observed in 
the MADRS, TMT, and SCWT. Additionally, the real rTMS group 
showed a decrease of 29.29% in the MADRS post-intervention 

compared to pre-intervention, while the sham rTMS group 
showed a decrease of 1.40%.

In previous studies, low frequency rTMS was applied to the 
right dorsolateral prefrontal cortex and high frequency rTMS 
was applied to the left dorsolateral prefrontal cortex in pa-
tients with TBI, resulting in a 50% reduction in depressive 
symptoms [20]. In the aforementioned study, the MADRS 
score changed from the initial 34 points to 14 points after 
the intervention, consistent with improved MADRS results ob-
served in our present study. Moreover, Mak et al. reported an 

Total patients screened (n=15)

Included for the study (n=13)

Informed consent taken

Baseline measurement

Randomized

Post-intervention measurement

Experimental group (n=7) Control group (n=6)

NDT+real rTMS NDT+sham rTMS

7 subjects completed the trial 6 subjects completed the trial

Excluded, inclusion criteria
did not met (n=2)

Figure 1.  Flow chart of this study. 
NDT – neurodevelopmental therapy; 
rTMS – repetivite transcranial 
magnetic stimulation.

Characteristic EG (n=7) CG (n=6)

Age (years)  42.42±11.32  41.33±11.02

Height (cm)  171.00±4.65  173.00±6.72

Weight (kg)a  57.28±6.72  69±5.62

Gender 
(Male/Female)

5/2 4/2

Duration (months)  3.85±1.67  3.88±1.94

MMSE-K (score)  21.85±1.57  22.00±0.89

GCS (score)  13.71±1.11  13.66±0.81

Table 1. General characteristics of the subjects (n=13).

EG – experimental group; CG – control group; MMSE – Mini-
Mental State Examination; GCS – Glasgow Coma Scale. Values 
are expressed as the mean ±SD. a Significant difference in gains 
between two groups, p<0.05.
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improvement in depression in response to application of low 
frequency rTMS to the right dorsolateral prefrontal cortex [41].

Some studies have shown improvement in depression by ap-
plying high frequency rTMS to the left dorsolateral prefrontal 
cortex [42,43]. In another study, 20 Hz rTMS was applied to the 
left prefrontal area, which showed the effect of improving de-
pression by reducing the Hamilton depression scale score [44]. 
That study revealed that Hamilton depression scale score of 
the real rTMS group decreased by 3 points, while that of the 
sham rTMS group increased by 5 points. We applied low fre-
quency rTMS to the right dorsolateral prefrontal cortex. This 
was based on the report from the rTMS application guidelines 
for TBI that low frequency is safer and still results in a posi-
tive effect [45].

In our study, the real rTMS group showed a decrease of 6.25% 
in TMT post-intervention compared to pre-intervention, while 
the sham rTMS group showed a decrease of 1.21%. Moreover, 
the SCWT of the real rTMS group showed a decrease of 12.64% 
post-intervention compared to pre-intervention, while the sham 
rTMS group showed a decrease of 1.86%.

Many previous studies have shown the effects of rTMS on cog-
nitive impairment. Boggio et al. reported improved cognitive 
function in response to application of high frequency rTMS to 
the left dorsolateral prefrontal cortex of patients with Parkinson 
disease [1]. As in the present study, their study also showed 
improved SCWT. In the aforementioned study, the color-word 
task of the SCWT was reduced by an average of 2.3 seconds 
in the rTMS group. The authors of another study reported im-
proved cognitive function in response to application of 10 Hz 
rTMS to the left dorsolateral prefrontal cortex based on an aver-
age increase of the Lowenstein Occupational Therapy Cognitive 
Assessment score of 2.00±1.563 [46]. Rektorova et al. com-
pared changes in cognitive function after applying high fre-
quency rTMS to the left dorsolateral prefrontal cortex or left 

motor cortex of patients with cerebrovascular disease [47]. 
They found that rTMS applied to the left dorsolateral prefrontal 
cortex had a more positive effect on executive function than 
that applied to the left motor cortex.

It should be noted that this study had several limitations. First, 
after a certain period of time, follow-up evaluation was not 
conducted. Therefore, it was not possible to evaluate how long 
the effect lasted after discontinuing rTMS intervention. Future 
studies will need to investigate the duration of rTMS carry-
over effects on depression and cognitive functioning through 
follow-up evaluations. Second, it is difficult to generalize to 
all TBI patients because of the small sample size; therefore, 
future studies should provide a basis for further generaliza-
tion by expanding the sample size.

Conclusions

This study was conducted to investigate the effects of low fre-
quency rTMS on depression and cognitive function in the right 
dorsolateral prefrontal cortex of TBI patients.

To compare the effects of rTMS, real rTMS was applied to the 
experimental group and sham rTMS was applied to the control 
group for 10 days. As a result, the experimental group showed 
significant differences before and after intervention in MADRS 
for evaluation of depression, TMT and SCWT for cognitive func-
tion evaluation. In addition, in the MADRS, TMT, and SCWT, 
the experimental group showed a significant difference com-
pared to the control group.

Therefore, we suggest that applying low frequency rTMS to 
the right dorsolateral prefrontal cortex is effective in improving 
depression and cognitive function in TBI patients. We recom-
mend that future studies compare the rTMS application site 
and frequency.

EG (n=7) CG (n=6)

Pre-test Post-test CWG Pre-test Post-test CWG

MADRS (score)a,b 23.43±5.06 16.57±5.47* 6.86±0.41 24.17±3.13 23.83±4.54 0.34±1.41

TMT (second)a,b 96.39±3.36 90.36±3.17* 6.03±0.19 98.65±5.38 97.45±5.93 1.20±0.55

SCWT (second)a,b 158.03±17.37 138.03±13.79* 19.99±3.48 160.49±12.65 157.49±13.94 3.00±1.29

Table 2.  Comparison of change in characteristics of the experimental group and control group with values presented as the mean ± 
standard deviation.

EG – experimental group; CG – control group; CWG – changes within groups; MADRS – Montgomery-Asberg Depression Rating Scale; 
TMT – Trail Making Test; SCWT – Stroop Color Word Test. Values are expressed as the mean ±SD. * Significant difference from pre-test, 
p<0.05. a Significant difference between two groups, p<0.05; b Effect size greater than 0.70.
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