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Abstract: Objective: To innvestigate the rehabilitation effects of repetitive transcranial magnetic stimulation (rTMS) 
combined with cognitive training on cognitive impairment in patients with traumatic brain injury (TBI) by using mul-
timodal magnetic resonance imaging. Methods: Clinical data of 166 patients with cognitive impairment after TBI 
were retrospectively analyzed. The patients were assigned into an observation group and a control group according 
to different treatment methods, with 83 cases in each group. The observation group was given rTMS + cognitive 
training, and the control group was given cognitive training only. The changes in GCS score, the Cho/Cr, Cho/NAA 
and NAA/Cr ratios examined by MRSI, the score of cognitive impairment, the grading of cognitive impairment, and 
the changes in modified Barthel index were observed and compared between the two groups. Results: The GCS 
score, and the ratios of Cho/Cr, Cho/NAA and NAA/Cr after treatment were better than those before treatment in 
both groups and were lower in the observation group compared with the control group (all P<0.05). The score and 
grading of cognitive impairment as well as modified Barthel index after treatment were all significantly better in the 
observation group than in the control group (all P<0.05). Conclusion: rTMS can improve the rehabilitation effect on 
cognitive impairment in patients after TBI and is recommended for clinical use.
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Introduction

In recent years, with the development of social 
industrialization, injuries and deaths caused by 
traffic and infrastructure have been increasing 
year by year, among which traumatic brain inju-
ry (TBI) is the leading cause of deaths caused 
by traumatic injury [1-4]. TBI refers to organic 
damage on brain tissues caused by external 
force on the head, mostly from accidents, 
showing poor prognosis and a very high mortal-
ity rate (close to 30%) [5-7]. TBI is clinically dif-
ficult to treat and has various complications, 
posing a serious impact on the quality of life in 
patients as well as an economic and medical 
burden to the family and the society [8, 9].

With the rapid progress of critical care medi-
cine, emergency medicine and nursing medi-

cine, the current rescue rate of patients after 
TBI has effectively increased, but those with 
craniocerebral injury can have varying degrees 
of cognitive impairment [10]. Study has shown 
that the incidence of TBI-related cognitive dys-
function is as high as 42.8% [11]. Therefore, the 
treatment to improve cognitive dysfunction is  
of great significance for the quality of life of 
patients after TBI. Repeated transcranial mag-
netic stimulation (rTMS) can continuously stim-
ulate the cerebral cortex to inhibit or activate 
neuronal cells, thereby reorganizing the neural 
network after brain injury and improving cog- 
nitive dysfunction in patients after TBI [12]. 
Nowadays, the assessment of cognitive dys-
function in patients after TBI is mostly subjec-
tive, which is susceptible to personality, speech 
function and cognitive function, etc., leading to 
a reduced accuracy of the assessment [13]. 
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Magnetic resonance spectrum imaging (MRSI) 
can non-invasively determine biochemical and 
metabolic indicators in the brain, such as the 
ratios of metabolites in the frontal lobe, tempo-
ral lobe and corpus callosum. The dynamically 
changes of the ratios are of great significance 
for the diagnosis and treatment of TBI, because 
they objectively reflect the changes in nerve  
tissues during the treatment and accurately 
evaluate the clinical treatment effects of rTMS 
combined with cognitive training on cognitive 
impairment [14]. Therefore, this study investi-
gated the rehabilitation effect of rTMS com-
bined with cognitive training on cognitive 
impairment by using multimodal magnetic res-
onance imaging, hoping to improve the diagno-
sis and treatment of cognitive dysfunction in 
patients after TBI.

Materials and methods

General data

Clinical data of 166 patients with cognitive 
impairment after craniocerebral injury admit-
ted to the Department of Neurorehabilitation, 
Neurosurgery and ICU of our hospital from 
January 2018 to January 2020 were retrospec-
tively analyzed. The patients were grouped into 
observation group and control group according 
to different treatment methods. Patients were 
eligible if they had a history of trauma; were 
diagnosed with brain injury by imaging with cog-
nitive dysfunction; were aged 20-70 years old; 
were educated in junior high school or above; 
had stable breathing and circulation; had no 
history of cardiovascular diseases. Patients 
were excluded if they had a history of mental 
illness, head surgery, epilepsy or meningitis; 
were unable to complete the survey due to 
hearing or speech barriers; had cognitive 
impairment before the injury. The two groups of 
patients and their families signed an informed 
consent form. This study was approved by the 
ethics committee of our hospital (approval 
number: Medical Ethics Review [2020] No. 12 
(01)).

Methods

Both groups received treatments including, 
firstly, conventional protection of nerve tissues 
using 0.1 g/tablet mecobalamin (Eisai Phar- 
maceutical Co., Ltd., China), one tablet each 
time, twice a day; secondly, strengthening of 
nerve cell nutrition with 0.2 g/tablet citicoline 

(Shandong Lukang Chenxin Pharmaceutical 
Co., Ltd., China), one tablet each time, three 
times a day; thirdly, improvement of brain 
metabolism, anti-inflammation and enteral 
nutrition support with the use of 500 mL/bot-
tle enteral nutritional suspension from Nutricia 
Pharmaceutical Co., Ltd., Wuxi, China (the dos-
age was according to the patients weight); last-
ly, conscious-promoted rehabilitation with the 
use of 5 mL/piece Xingnaojing (Jimin Kexin 
Shanhe Pharmaceutical Co., Ltd., Wuxi, China), 
2 mL each time, twice a day.

The rehabilitation methods were as follows. 
The control group received cognitive training  
for three months. The training included, first, 
concentration improvement through visual 
tracking training; second, memory improve-
ment by image method, third, space and visual 
perception training through various map opera-
tions; Last, other trainings such as judgment 
and reasoning, business plan, income and 
expenditure. Patients in the observation group 
were treated also with rTMS in addition to the 
cognitive training. An rTMS therapy instrument 
(Tonica, Denmark) was used to stimulate the 
healthy prefrontal area, with an “8” shape stim-
ulation circle coil, a stimulation intensity of 80% 
resting motion threshold and a low frequency of 
1 Hz. The stimulation included a total of 75 
sequences and 750 pulses, with a sequence 
interval of 2 seconds. Each treatment was 15 
minutes, and the treatment was performed 
once per day, 5 days a week for three months.

Outcome measures

The evaluation of relevant indicators was car-
ried out after three months of treatment.

There were two sets of main outcome mea-
sures. The Glasgow Coma Scale (GCS) was 
evaluated in the both groups before and after 
treatment [15]. GCS includes eye-opening 
response, language response and limb move-
ment, with a total score of 15 points. Higher 
score indicated deeper coma. The changes in 
the ratios of Cho/Cr, Cho/NAA and NAA/Cr were 
examined by MRSI. Increase in Cho/Cr, NAA/CR 
and NAA/Cr indicated brain injury.

There were three secondary outcome mea-
sures. Mini-mental state examination (MMSE) 
scale was used to access the cognitive impair-
ment of the two groups of patients. Higher 
score indicated severer cognitive impairment. 
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Cognitive impairment grading scale included 
three degrees (mild, moderate and severe). 
Changes in modified Barthel index were also 
compared. Higher score indicated better quali-
ty of life [16-18]. Favorable rate of cognitive 
impairment treatment = cases of (no symptom 
+ mild degree + moderate degree)/number of 
cases in the group *100%.

Statistical analysis

All data were analyzed using SPSS22.0 sta- 
tistical analysis software. Figures were plot- 
ted using GraphPad Prism 7 and Adobe AI. 
Measurement data were expressed as mean ± 
standard deviation (mean ± sd) and compared 
between groups using independent sample t 
test. Count data were expressed as percentage 
(n, %) and compared between groups using chi-
square test. A difference of P<0.05 was consid-
ered statistically significant.

Results

Comparison of baseline data between the two 
groups

There were no significant differences in age, 
gender, hypertension, diabetes, cause of injury 
or GCS score between the two groups (all 
P>0.05), so the two groups were comparable. 
See Table 1 for details.

Comparison of the ratio of metabolites in fron-
tal white matter between the two groups

Before treatment, there was no statistical dif-
ference in the ratio of metabolites in frontal 
white matter (Cho/Cr, Cho/NAA and NAA/Cr) 
between the two groups (P=0.273, P=0.368 
and P=0.379, respectively). After treatment, 
the ratios were decreased significantly in both 
groups compared with those before treatment 
(all P<0.001), and the results were better in the 
observation group than in the control group (all 
P<0.05). See Figure 1.

Comparison of GCS scores between two 
groups before and after treatment 

In terms of GCS, there was no significant differ-
ence between the two groups of patients before 
treatment (P>0.05). After treatment, the GCS 
scores in both groups were significantly lower 
than those before treatment (both P<0.001), 
and the decrease was more significant in the 
observation group than in the control group 
(P<0.05). See Figure 2.

Comparison of cognitive function between the 
two groups before and after treatment 

In terms of cognitive function, there was no sig-
nificant difference between the two groups of 
patients before treatment (P>0.05). After treat-
ment, the MMSE scores in both groups were 
significantly higher than those before treatment 
(both P<0.001), and the increase was more sig-
nificant in the observation group than in the 
control group (P<0.001). In addition, the grad-
ing results of cognitive impairment were better 
in the observation group than those in the con-
trol group (P<0.05). See Tables 2 and 3.

Comparison of activities of daily living between 
the two groups before and after treatment 

In terms of activities of daily living, the scores 
of Barthel index between the two groups were 
not statistically different before treatment 
(P>0.05). After treatment, the scores of Barthel 
index were significantly higher in both groups 
than those before treatment (both P<0.001), 
and the score was higher in the observation 
group than in the control group (P<0.001). See 
Table 4.

Discussion

As a global clinical disease, TBI is difficult to 
treat and may lead to many complications and 
poor quality of life and bring economic and 
medical burdens to patients’ families and the 

Table 1. Comparison of baseline data between the two groups (n, mean ± sd)

Group Sex  
(male/female)

Age  
(year)

GCS score 
(point)

Cause of injury (n)
Hypertension 

(n) 
Diabetes 

(n)Car  
accident

Fall 
injury

Concussion 
injury 

Observation group (n=83) 48/35 57.8±3.8 13.50±2.12 49 31 3 9 6
Control group (n=83) 45/38 58.0±3.9 13.34±1.93 52 27 4 7 3
t/χ2 0.098 0.335 0.643 0.384 0.069 0.470
P 0.754 0.738 0.521 0.825 0.793 0.493
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society [19, 20]. At present, functional recovery 
in the later stage is the main treatment expec-

tation, which mainly includes two parts, motor 
function and cognitive function. Recovering 
cognitive function is the difficulty and focus of 
rehabilitation, and patient’s cognitive ability 
can also affect the recovery of motor ability to a 
certain extent [21, 22].

The cause of TBI-related cognitive dysfunction 
is excitatory amino acids binding to their corre-
sponding receptors which causes intracellular 
calcium overload and nerve cell death [23, 24]. 
In addition, neuronal cell edema and energy 
metabolism disorders caused by traumatic 
stress can aggravate the cognitive dysfunction 
in patients [25, 26].

The results of this study showed that after 
rTMS, the GCS score as well as the score and 
grading of cognitive impairment of the observa-
tion group were better than those of the control 
group, which preliminarily showed that tran-
scranial magnetic stimulation can improve the 
clinical treatment effect in patients after TBI. 
The possible reason is that continuous stimula-

Figure 1. Comparison of the ratio of metabolites 
in frontal white matter between the two groups. A: 
Comparison of Cho/Cr ratio between two groups 
before and after treatment; B: Comparison of NAA/
Cr ratio between the two groups before and after 
treatment; C: Comparison of the ratio of Cho/NAA 
between the two groups before and after treatment. 
Compared with before treatment, ***P<0.001; com-
pared with observation group, #P<0.05.

Figure 2. Comparison of GCS scores between two 
groups before and after treatment. Compared with 
before treatment, ***P<0.001; compared with obser-
vation group, #P<0.05.
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tion at the same frequency and intensity by 
rTMS gives uninterrupted excitement or inhibi-
tion on neuronal cells, which helps to reorga-
nize the neural network after brain injury, there-
by improving clinical symptoms. Our results are 
consistent with previous studies on repetitive 
transcranial stimulation, which showed that 
stimulating neuronal cells improved the recov-
ery of the patient’s mental function, thereby 
increasing GCS score and cognitive function-
related scores [27, 28].

A previous study preliminarily confirmed that 
TBI-related cognitive dysfunction was associat-
ed with protein energy metabolism, which man-
ifested as changes in material metabolism, 
presenting increasing choline/creatine and 
N-Acetate aspartate/creatine in MRSI [29]. The 
results of our study also showed that the mate-
rial metabolism indexes of the two groups of 
patients decreased after treatment, and the 
decreases were more significant in the obser-
vation group than in the control group. It is indi-
cated that rTMS combined with cognitive train-
ing can improve the clinical treatment effect on 
cognitive dysfunction. The possible reason is 
that rTMS enhances cerebral cortex blood flow 
and tissue energy metabolism, reduces cell 
apoptosis and improves synaptic transmission. 

Scholars have also confirmed that rTMS can 
improve neuronal tissue metabolism through 
continuous stimulation, thereby improving cog-
nitive dysfunction in patients with TBI [30].

Barthel index is the main indicator for evaluat-
ing the recovery of TBI-related cognitive dys-
function. The results of this study showed that 
the activities of daily living in the observation 
group were better than those of the control 
group, possibly because the combination of 
rTMS and cognitive training improves cognitive 
function and communication, which is helpful 
for the recovery of limb motor function. This 
finding is the same as the results of previous 
research that rTMS could improve the patient’s 
motor function [31].

However, there are still some limitations in this 
study. First, this is a single-center study with 
small sample size, so a multi-center large sam-
ple study is needed to further confirm the treat-
ment effect of rTMS for TBI-related cognitive 
impairment. Second, the correlation between 
the degree of TBI and the effect of rTMS treat-
ment is yet to be elucidated. Third, objective 
serological indicators should be detected for 
the accurate evaluation of the treatment effect 
of rTMS.

Table 2. Comparison of MMSE scores between the two groups before and after treatment (mean ± sd)
Before treatment Before treatment (point) After treatment (point) t P
Observation group (n=83) 18.57±4.67 24.78±2.34 10.831 <0.001
Control group (n=83) 18.21±4.53 20.45±2.11 4.084 <0.001
t 0.504 12.520 - -
P 0.615 <0.001 - -
Note: MMSE: mini-mental state examination.

Table 3. Grading of cognitive impairment after treatment in the two groups (n, %)

Group
Cognitive impairment (n)

Favorable rate χ2 P
No symptom Mild Moderate Severe

Observation group (n=83) 10 41 29 3 80/83 (96.40%) 4.691 0.030
Control group (n=83) 8 32 31 12 71/83 (85.54%)

Table 4. Comparison of activities of daily living between the two groups (mean ± sd)
Before treatment Before treatment (point) After treatment (point) t P
Observation group (n=83) 27.45±2.56 36.62±3.01 21.142 <0.001
Control group (n=83) 28.33±3.41 31.43±2.89 6.318 <0.001
t 1.880 11.331 - -
P 0.062 <0.001 - -
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The innovation of this study is that we connect-
ed the recovery of cognitive dysfunction with 
the recovery of limb function during the reha-
bilitation of patients after TBI. Meanwhile, MRSI 
is used to assess the recovery of the neurologi-
cal function, thereby accurately evaluating the 
clinical rehabilitation effect.

In conclusion, rTMS can improve the energy 
metabolism of neuronal cells in patients after 
TBI, thereby enhancing the recovery effect on 
cognitive impairment, and thus, rTMS may be 
used as clinical adjuvant treatment.
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