
Stud
y, 
year 

Co
unt
ry 

Sample 
size 
control/e
xperimen
tal group 

Study 
type 

Method Cognitiv
e 
Outcome
s 

Duration Motor 
Outco
mes 

Other 

Bell 
et al, 
2017  

US
A 

178/178 RCT telephone-
delivered 
problem-
solving 
treatment 

Experime
ntal 
group 
had 
short-
term 
benefits 
for 
psycholo
gical 
distress, 
sleep 
quality, 
depressio
n, PTSD 
symptom
s, and 
physical 
health 
compare
d to 
control 
group 
(p<0.05)
However
, these 
improve
ments 
were not 
sustained 
at 12 
months. 

Baseline, 6 months, 12 
months 

N/A Partici
pants 
in the 
experi
mental 
group 
report
ed 
higher 
satisfa
ction 
with 
the 
interv
ention 
and 
percei
ved it 
as 
more 
helpfu
l in 
addres
sing 
their 
challe
nges 

Carn
eiro 
et al, 
2019 

Bra
sil 

10 Prosp
ective 
obser
vation
al 
clinica
l 
study 

Transcrania
l PBM 

Sustaine
d gains in 
visuospat
ial ability 
and 
planning, 
improve
d 
processin

18 sessions, delivered 
three times per week 
for six weeks. 

N/A impro
ved 
cerebr
al 
bloodf
low 



g speed 
and 
divided 
attention, 
modest 
improve
ment in 
inhibitio
n and 
selective 
attention 

De 
Luca 
et al, 
2023  

Ital
y 
 

10/10 
 

Pilot 
study 

standard 
cognitive 
rehabilitati
on/  virtual 
reality 
rehabilitati
on system  

The VR 
group 
demonstr
ated 
significan
t 
improve
ments in 
cognitive 
functions
, 
emotiona
l well-
being, 
and 
coping 
strategies 
compare
d to the 
standard 
rehabilita
tion 
group, 
particula
rly in 
attention, 
executive 
functioni
ng, and 
problem-
solving 
 

3 months 
standard 
neurorehabilitation (6 
weekly sessions of 60 
min ) 
3 months 
advanced 
rehabilitative (3 
weekly sessions of 60 
min) 

N/A N/A 

De 
Luca 

Ital
y 

8/8 Pilot 
study 

Erigo 
device for 
verticalizati

N/A Three times a week, 
for about 8 
consecutive weeks, 

In the 
experi
mental 

N/A 



et al, 
2022  

on plus 
music 
stimulation 

each session lasting 
about 45 min 

group, 
signifi
cant 
chang
es 
were 
found 
in 
patient
s’ 
aware
ness, 
global 
functi
onal 
outco
me, 
and 
non-
verbal 
skills, 
while 
the 
contro
l 
group, 
showe
d 
impro
vemen
ts in 
the 
indivi
dual 
scores 
witho
ut 
reachi
ng a 
statisti
cal 
signifi
cance. 

De 
Luca 

Ital
y 

15/15 Pilot 
study 

standard 
cognitive 
rehabilitati

The 
experime
ntal 

First phase: 3 times a 
week for 8 weeks 

N/A N/A 



et al, 
2022  

on/ Virtual 
Reality 
Based-
Attention 
Processes 
Training 
(VB_APT) 

group 
showed 
significan
tly 
greater 
improve
ments in 
global 
cognition
, 
attention, 
and 
depressio
n 
compare
d to 
conventi
onal 
rehabilita
tion; 
significan
t 
improve
ments in 
executive
, visuo-
spatial, 
and 
attention 
subtests 

Second phase: 24 
sessions of 60 min 
each, 3 times a week 
for 8 weeks 

Esqu
enazi 
et al, 
2017  

US
A 
 

7/8/7 (all 
interventi
onal) 

Rand
omize
d, 
prosp
ective 

G-EO; 
Lokomat; 
manual 
assisted 
BWSTT 

N/A 18 sessions of gait 
training for 6 to 8 
weeks, generally 3 
times per week. Each 
session lasted up to 75 
min 

Functi
onal 
mobili
ty 
impro
ved 
signifi
cantly 
in the 
G-EO 
and 
PBWS
TT 
group
s 

All 
three 
interv
ention
s (G-
EO, 
Loko
mat, 
and 
PBWS
TT) 
signifi
cantly 
impro
ved 
self-



selecte
d 
velocit
y, but 
only 
Loko
mat 
and 
PBWS
TT 
impro
ved 
maxim
al 
velocit
y; 
Impro
vemen
ts in 
the 
stroke 
impact 
scale 
mobili
ty 
domai
n were 
seen 
only in 
the 
Loko
mat 
and 
PBWS
TT 
group
s 
 

Etten
hofer 
et al, 
2019  

US
A 
 

6/11 Pilot 
study 

VR driving 
simulator 
NEUROdri
ve 

Intervent
ion group 
had 
greater 
improve
ment in 
in 
working 

Six 90-minutes 
session, 4 weeks 

No 
signifi
cant 
chang
e 
betwe
en 
group

Greate
r 
impro
vemen
t in 
interv
ention 
group 



memory 
(p = 
0.004); 
also in 
visual 
search/se
lective 
attention 
(p = 0.01) 
No 
significan
t 
differenc
es 
between 
groups in 
other 
cognitive 
measures 

s (p > 
0.05) 
in VR 
tactica
l and 
operat
ional 
scores 
Scroes 
remai
ned 
‘avera
ge’ at 
both 
time 
points 
in the 
interv
ention 
group 

( p < 
0.05) 
for 
physic
al 
functi
oning 
no 
signifi
cant 
differe
nce 
( p > 
0.05) 
for 
mental 
functi
oning 

Flint 
et al, 
2023  

US
A 

3/3 Exper
iment
al 
study 

high-γ/μ–β 
signals 

Motor 
planning, 
learning, 
and 
adaptabil
ity 
improve
d in the 
experime
ntal 
group 

N/A Motor 
output 
(force 
produ
ction), 
thumb 
compli
ance, 
and 
physic
al 
execut
ion of 
tasks 
impro
ved 

Differ
ences 
in 
succes
s rates 
betwe
en 
partici
pants 
( T1: 
28% 
vs. T2: 
99%) 

Hen
ders
on et 
al, 
2017 

US
A 

39 Retros
pectiv
e  

Multi-Watt 
Near-
Infrared 
Photothera
py 

N/A Each session lasted 30 
minutes, with 9–12 
minutes of 
application per target 
area (8 to 34 
sessions/participant) 

N/A Signifi
cant 
impro
vemen
t in 
mood 
and 
reduce
d 
depres



sion 
sympt
oms, 
reduct
ion in 
fatigu
e and 
enhan
ced 
overall 
well-
being 

Hips
kind 
et al, 
2018 

US
A 

12  Bbser
vation
al 
cohort 
study 

Pulsed 
Transcrania
l Red/Near-
Infrared 
Light 
Therapy 
Using LED 

Significa
nt 
improve
ment in 
symbol 
search, 
coding, 
processin
g speed; 
Six of the 
15 
neuropsy
chologica
l scales 
showed 
significan
t 
improve
ment (p < 
0.05), 
particula
rly in 
verbal 
memory 
and 
processin
g speed 

20 minutes per 
session, 3 times per 
week for 6 weeks 
(total of 18 sessions) 

N/A N/A 

Lee 
et al, 
2018  

Sou
th 
Kor
ea 

6/7 RCT neurodevel
opmental 
therapy  an
d rTMS 
interventio
n 

The 
experime
ntal 
group 
demonstr
ated 
significan

30-minute session 5 
days per week for 2 
weeks 

N/A N/A 



t 
improve
ments in 
post-
interventi
on scores 
for the 
Montgo
mery-
Asberg 
Depressi
on Rating 
Scale 
(MADRS
), Trail 
Making 
Test 
(TMT), 
and 
Stroop 
Color 
Word 
Test; the 
control 
group 
showed 
no 
significan
t changes 
in these 
measures
. 

Li et 
al, 
2019  

UK 24/31 Rand
omize
d 
doubl
e 
blind 
study 

tDCS 
sessions 

Anodal 
tDCS did 
not 
improve 
response 
inhibitio
n in TBI 
patients;c
ontrol 
showed 
significan
t 
improve
ment in 

Single visit, three 
stimulation 
conditions 

N/A N/A 



SSRT 
under 
anodal 
tDCS. 
TBI 
participa
nts 
showed 
no 
significan
t 
improve
ment in 
stop 
signal 
delay 
under 
any 
stimulati
on 
condition 

Lin 
et al, 
2023 

Tai
wa
n 

15/15  Intravenous 
PBM 

Improve
d short-
term 
memory 
and 
attention, 
reduction 
in 
confusio
n and 
disorgani
zed 
behavior 

60 minutes session 
performed on 
weekdays over two 
consecutive weeks for 
each of the three 
courses 

no 
signifi
cant 
chang
e in 
motor 
outco
mes 

N/A 

Liu 
et al, 
2023  

US
A 

13/7 Pilot 
study
do 

Participants 
used 
instrument
ed glove on 
their 
dominant 
had and 
performed 
a grasp-
and-place 
maneuver; 
they also 

N/A One single session, 
three block of trials 

Multi
modal 
feedba
ck was 
effecti
ve in 
enhan
cing 
neural 
activit
y and 
impro

N/A 



experienced 
VR 
environme
nt 

ving 
motor 
perfor
mance 
in TBI 
partici
pants, 
as 
demon
strated 
by 
increas
ed 
EEG 
power, 
impro
ved 
motio
n 
pathle
ngth, 
and 
greate
r 
EMG-
EEG 
cohere
nce 
Neuro
typical 
partici
pants 
respon
ded 
better 
to 
unimo
dal 
feedba
ck, 
with 
faster 
task 
compl
etion 
and 



reduce
d 
EMG 
cohere
nce 

Liu 
et al, 
2021  

Chi
na 

30/30 Clinic
al trial 

computer-
assisted 
cognitive 
rehabilitati
on (CACR 
system) 

significan
tly better 
cognitive 
scores in 
social 
cognitive 
ability, 
self-care 
ability, 
sphincter 
control, 
and 
compreh
ensive 
ability 
compare
d to the 
control 
group 
(p<0.05) 

N/A N/A N/A 

Mag
gio 
et al, 
2019  

Ital
y 

28/28 Retros
pectiv
e CCS 

Lokomat 
Pro, 
equipped 
with a VR 
screen/Lok
omat 
Nanos, 
without VR 

Significa
nt 
improve
ment in 
global 
cognitive 
function, 
cognitive 
flexibility 
and 
shifting 
skills, 
selective 
attention 
and 
visual 
search for 
experime
ntal 
group 
group. 

40 one-hour sessions 
(8 weeks, 5 
times/week) 

Experi
mental 
group 
showe
d 
signifi
cant 
impro
vemen
t in 
execut
ive 
functi
ons 
Both 
group
s 
showe
d 
signifi
cant 

Experi
mental 
group 
showe
d 
signifi
cant 
impro
vemen
t in 
overall 
qualit
y of 
life 



Both 
groups 
showed 
significan
t 
improve
ment in 
mood 
well-
being 

impro
vemen
t in 
physic
al 
well-
being 

Moat
tari 
et al, 
2016  

Ira
n 

20/20/20(
con-
trol/exper
imen-
tal/placeb
o groups) 

RCT Sensory 
stim-
ulation 
(audi-to-
ry,visual,ta
ctile,olfacto
ry) 

Gradual 
increase 
in cogni-
tive 
function 
and basic 
cognitive 
sensory 
recovery 
especiall
y in fami-
ly-
conducte
d sensory 
stimulati
on group 
(RLA 
scale, 
WNSSP) 

7 days, 2 times per 
day (30 minutes) 
 

 

N/A Impro
ved 
level 
of 
consci
ousnes
s 
(GCS) 
 
 
 

 

Mote
s et 
al, 
2019  

US
A 

6/8 Prosp
ective  

HD-tDCS 
sessions 

significan
t 
differenc
es 
between 
the active 
and sham 
groups in 
the 
changes 
in the 
total 
score of 
the Rey 
Auditory 
Verbal 
Learning 

10 sessions of 20  min
utes of 1 mA anodal 
HD-tDCS 

N/A N/A 



Test 
(RAVLT), 
the time 
taken for 
the Delis-
Kaplan 
Executive 
Function 
System 
(DKEFS) 
Inhibitio
n test, 
and the 
time 
taken for 
the 
DKEFS 
Inhibitio
n/Switchi
ng test 

Nevi
lle et 
al, 
2019  

Bra
zil 

13/17 Rand
omize
d, 
doubl
e 
blind 

rTMS was 
applied 
using a 
magnetic 
stimulator 
(MagPro 
X100) 

N/A 5 seconds of rhythmic 
high-frequency, dayly 
for 10 sessions 

No 
consist
ent 
impro
vemen
t in 
execut
ive 
functi
on of 
contro
ls 
versus 
patient
s 

N/A 

O’N
eil-
Piroz
z et 
al, 
2017  

US
A 

4/4 Pilot 
study 

tDCS 
sessions 

For the 
TBI 
group, 
word 
recall 
increased 
in the 
anodal 
condition 
for all 
participa

three 90-minute 
sessions, a minimum 
of 48 hours apart 

N/A P300 
latenc
y 
increa
sed 
across 
all 
condit
ions 
for the 



nts (+3 to 
+6 
words) 
and in the 
sham 
condition 
for two 
participa
nts 

TBI 
group 

Quin
n et 
al, 
2020  

US
A 

14/10 Pilot 
study 

computeriz
ed 
executive 
function 
training 
combined 
with TDCS 

Participa
nts 
demonstr
ated 
significan
t 
improve
ments in 
depressio
n, 
anxiety, 
post-
concussiv
e 
symptom
s, 
complex 
attention, 
and 
executive 
functions 
from 
baseline 
to post-
treatment 
visits (p < 
0.01) 

30 minutes sessions, 
10 weekdays 

N/A Global 
cerebr
al 
blood 
flow 
decrea
sed 
signifi
cantly 
from 
baseli
ne to 
post-
treatm
ent 
visits 
(p = 
0.02), 
with 
no 
signifi
cant 
differe
nces 
betwe
en 
mild 
and 
moder
ate TBI 
partici
pants. 

Raso 
et al, 
2021 

Ital
y 

11/11 Pilot 
study 

Scheduled 
videoconfer
ences 
patient-
clinical 

Higher 
mortality 
in the 
LSH 
program 

N/A 4 years 
of 
interv
ention 
period

Lower 
daily 
health 
care 
costs 



unit; 
wearable 
monitoring 
devices 

(36%) 
compare
d to the 
telemonit
oring 
group 
(18%). 
Bedsores 
(18% vs. 
0%) and 
infections 
(36% vs. 
18%) 
were 
more 
common 
in the 
LSH 
group, 
but 
differenc
es were 
not 
significan
t. 
No 
significan
t 
differenc
es 
between 
groups in 
neuropsy
chologica
l scores 

, with 
month
ly 
consul
tations 
for the 
telemo
nitorin
g 
group 

Rodr
igue
z-
Rajo 
et al, 
2024  

Spa
in 

26/28 Quasi
-RCT 

computeriz
ed tasks 
module 
designed 
for the 
rehabilitati
on of social 
cognition 

Experime
ntal 
group 
showed 
better 
results 
for 
almost all 
measures 
Improve
d ability 

Weekly sessions N/A N/A 



to 
recognize 
facial 
emotions 
in the 
control 
group 
Experime
ntal 
group 
demonstr
ated 
better 
ability to 
recognize 
emotions 
or mental 
states 
from eyes 
post-
treatment 
compare
d to the 
control 
group. 
 

Sacc
o et 
al, 
2016  

Ital
y 
 

16/16 Pilot 
study 

tDCS 
stimulation 
(HDCstim 
device) 

within 
the 
experime
ntal 
group, 
significan
t 
improve
ments 
were 
observed 
between 
pre-
training  
and post-
training , 
with 
faster 
reaction 
times (p = 

Ten sessions, each 
session included 20 
min of tDCS 
stimulation followed 
by 30 min of cognitive 
training 

N/A N/A 



0.004) 
and 
fewer 
omission 
error; he 
control 
group 
did not 
exhibit 
any 
significan
t 
changes; 
d 
borderlin
e 
improve
ment in 
attention 
performa
nce (p = 
0.057) 
within 
the 
experime
ntal 
group, 
although 
no 
significan
t changes 
were 
found in 
visual-
spatial 
abilities, 
semantic 
fluency, 
working 
memory, 
or long-
term 
memory 

Salm
ani 

Ira
n 

30/30/30 
(family 
cen-

RCT Sensory 
stim-
ulation 

Enhance
d 
patients’ 

7 days, 2 times per 
day (30-45  minutes) 
 

N/A Statisti
cally 
signifi



et al, 
2017 

tered/nur
se/control 
groups) 

(audi-tory, 
sensory, 
kinetic, 
affec-tive-
only in the 
family cen-
tered 
stimula-
tion) 

responsiv
eness and 
cognitive 
functions 
(CRS-R 
scores), 
statistical
ly 
significan
t after 4 
days  

 
 

 

cant 
GCS 
impro
vemen
t after 
4 days 

Teter
filler 
et al., 
2019  

US
A 
 

32/31  RCT Xbox Kinect 
games 

N/A 3–4 times per week for 
12 weeks, lasting for 
30 min. 

no 
statisti
cally 
signifi
cant 
differe
nce 
betwe
en the 
two 
group
s, both 
treatm
ent 
group
s 
showe
d 
impro
ved 
balanc
e 
respon
ses to 
these 
therap
ies  
 

N/A 

Vule
tic et 
al, 
2016  

US
A 

178/178 RCT control 
group: 
mailing of 
educational 
brochures 
experiment
al group: 

N/A Biweekly over a 6 
months period 

N/A Experi
mental 
group 
showe
d 
signifi
cant 



telephone 
calls 

impro
vemen
ts in 
overall 
sleep 
qualit
y, 
sleep 
durati
on, 
latenc
y, and 
habitu
al 
sleep 
efficie
ncy at 
6 
month
s. 
Impro
vemen
ts in 
sleep 
were 
not 
sustai
ned at 
12 
month
s. 

Table S1. Overview of the included studies 


