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Abstract: Acquired Brain Injury (ABI) can lead to sensory deficits and compromise functionality. However, most studies have been focused on
motor stimulation in stroke and traumatic brain injury (TBI). Sensory stimulation in stroke and mild/moderate TBI has received reduced
interest. The main objective of this review is to know the methodological characteristics and effects of sensory programs in ABI. Studies with
the purpose of testing the efficacy of those programs were identified through a literature search, following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) and the Cochrane Collaboration Guidelines. Twenty-three studies were included in this
review. The results show that in most studies sensory stimulation started within 12 months after injury and there is no consensus regarding
frequency, duration and number of sessions, duration of intervention, and instruments used to assess outcomes. Most programs involved
unisensory stimulation, and vision was the predominant target. The most used methods were compensation and somatosensory
discrimination training. Most studies used a pre- and post-intervention assessment, with few studies comprising follow-up assessment.
Regarding the studies revised, the interventions with positive outcomes in ABI are: compensation, cognitive training, vestibular intervention,
somatosensory discrimination training, proprioceptive stimulation with muscle vibration, and sustained attention training with olfactory
stimulation. Available findings suggest that sensory stimulation has positive results with immediate and long-term improvements in sensory
functioning. This review provides useful information to improve rehabilitation and to design future investigation.
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Acquired Brain Injury (ABI) is defined as brain damage not
related to a congenital defect nor degenerative disease that
may cause temporary or permanent dysfunctions and poor
psychosocial adjustment (World Health Organization
[WHO], 1996). The most prevalent causes for ABI world-
wide are traumatic brain injury (TBI) and stroke, which in
turn are relevant causes of death and incapacity
(Feigin et al., 2017; Hawryluk & Bullock, 2016). Depending
on the nature and location of the lesion, sensory, cognitive,
motor, behavioral, and emotional deficits can emerge.
These alterations may have impacts in activities of daily liv-
ing, social participation, and occupational re-integration.
Therefore, rehabilitation should be initiated as soon as pos-
sible, targeting motor, sensory, cognitive, and affective
functioning. However, the clinical heterogeneity of the

ABI groups and of the interventions used, pose a serious
challenge to the research and intervention in this field
(Turner-Strokes, 2003).

About 60% of the individuals present sensory deficits
after ABI (Carey, 1995). ABI severity is positively correlated
with the severity of the sensory compromise (Tyson et al.,
2008). Connell (2007) points that 46–71% of the variance
regarding recuperation is explained by the severity of the
ABI, sensory commitment, and daily living functionality,
suggesting that cognitive factors and perceptive ability
affect this result.

TBI may lead to damage of sensory receptors and sen-
sory pathways (Folmer et al., 2011). Despite the higher
prevalence of mild and moderate TBI in comparison to sev-
ere TBI (Li et al., 2016), there is a lesser interest in the
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sensory stimulation in the two first forms. Padilla and
Domina (2016) found evidence that multimodal stimulation
improves arousal and clinical outcomes of comatose patients
or in persistent vegetative state. As a result, these authors
recommend the early implementation of sensory stimula-
tion, with intensive frequency (3–5 times/day, 20 min
sessions) and increasing complexity of the programs, adjust-
ing the stimuli to patient’s pre-morbid preferences.

Sensory stimulation consists in the controlled exposition
to specific sensory stimuli or environments through differ-
ent procedures (Padilla & Domina, 2016). Most of the inter-
vention protocols for persons with consciousness disorders
encompass simple, frequent, and repetitive stimuli, which
may have emotional or autobiographical content. The use
of natural or virtual environments with complex stimuli is
considered as being more effective than artificial environ-
ments, as the former require cognitive processing of input
and output information and allow the introduction of emo-
tional and autobiographical contents (Abbate et al., 2014).

The stimulation strategies can be directed to one sense
only (unimodal or unisensory stimulation) or several senses
(multimodal or multisensory stimulation). Senses can be
divided in primary modalities, such as touch, pressure, pain,
temperature, position, and vibration, and secondary modal-
ities, such as tactile discrimination, stereognosis, graphes-
thesia, tactile localization, among others. Regarding vision
and hearing, a lesion in the primary visual cortex or in
the primary auditory cortex often originates sensory-
perceptive disturbances, and lesions in the association
cortices may cause incapacity to recognize and interpret
stimuli (Campbell, 2013).

Concerning visual rehabilitation, three methods are usu-
ally considered: (a) adaptation or compensation; (b) substi-
tution; and (c) restoration (Zangwill, 1947). Compensation
aims to adapt patients to the loss of visual field, namely
through the training of visual search strategies. Substitution
strategies aim to change visual field using apparatus such as
prisms, eye-patches, and magnifying glasses (Rowe et al.,
2013). Restoration is mostly achieved by the stimulation
of the neural areas in the transition between the compro-
mised and intact visual fields (Bergsma et al., 2012).

Hemineglect is one of the common sequelae of both
stroke and TBI. The treatment approaches can be divided
into extrinsic or top-down, intrinsic or bottom-up, and
combined. The top-down approaches make use of external
orientations in order to elicit active, conscious, and mean-
ingful participation of the patient; bottom-up approaches
do not require patients’ active participation, once these
approaches are based on the manipulation the characteris-
tics of the stimuli or direct activation of the brain itself.
Top-down approaches include training of visual scanning,
sustained attention, and mental imagery, while bottom-up
include prism glasses, phasic alert, torso rotation,

eye-patches, limb activation, optokinetic and thermal
stimulation, transcutaneous electric stimulation, neck mus-
cles vibration, and direct cerebral stimulation. Combined
strategies are also possible, for example including prism
adaptation and visual search training (Marshall, 2009).

The need for sensory intervention has been justified with
several factors. Sensory deficits compromise the ability to
explore the environment (Carey et al., 1993), the function-
ality in activities of daily living (Nelles et al., 2010), are
related to a reduction in social participation (Carey et al.,
2018; Rowe et al., 2013), and associated with cognitive def-
icits (Schubert et al., 2017). For example, not only visual
and auditory deficits have a negative impact on cognitive
functioning, but reduction in processing speed and execu-
tive deficits also have a negative influence on visual and
auditory processing (Lew et al., 2010). Thus, authors like
Sullivan and Hedman (2008) point to the need of further
studies, namely to determine methodological issues such
as the dose-response ratio in sensory stimulation in order
to better adjust the rehabilitation programs.

Summing-up, previous systematic reviews assessed the
effects of: (a) multisensory stimulation after ABI on low-
and higher-level sensory deficits (Tinga et al., 2016);
(b) multimodal stimulation in persistent vegetative state
or comatose patients (Padilla & Domina, 2016); (c) differ-
ent therapies for hemineglect after ABI (Bowen et al.,
2013; Kashiwagi et al., 2018; Lisa et al., 2013; Yang et al.,
2013); (d) sensory stimulation on motor recuperation
(Grant et al., 2018; Laufer & Elboim-Gabyzon, 2011).

To our knowledge this is the first systematic review
aiming to analyze the methodological characteristics of sen-
sory stimulation programs for the rehabilitations of ABI
patients. The present work also intended to systematically
review the effects of sensory stimulation on cognitive reha-
bilitation and to determine the most frequent clinical condi-
tions in which they are used. Regarding the impact of the
sensory deficits the review focused on programs directed
to the stimulation of primary and secondary sensory modal-
ities. The description of these programs could be useful for
the identification of the dose-response ratio in order to
adjust the clinical practice and give directions to future
research. The following research questions were
formulated:

Research Question 1 (RQ1): How long after the ABI the
sensory stimulation is usually initiated?

Research Question 2 (RQ2): What are the most fre-
quently used methods in sensory stimulation pro-
grams and what are the most simulated senses?

Research Question 3 (RQ3): What is the usual fre-
quency, duration, number of sessions, and length of
sensory stimulation programs?
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Regarding intervention outcomes, research questions
were the following:

Research Question 4 (RQ4): Which assessment instru-
ments are most frequently used to evaluate the effi-
cacy of sensory stimulation?

Research Question 5 (RQ5): What are the immediate
and long-term outcomes of the sensory stimulation
programs?

Research Question 6 (RQ6): Are the outcomes of the
stimulation programs generalizable to cognitive func-
tioning or activities of daily living?

Method

The protocol of the systematic review followed the recom-
mendations of the Preferred Systematic Review and Meta-
analysis (PRISMA; Moher et al., 2009; Shamseer et al.,
2015).

Search Strategy

Studies were identified through a search on EBSCO,
PubMed and OTseeker. The following EBSCO databases
were selected: MEDLINE, MEDLINE with full text, Aca-
demic Search Complete, PsycInfo, PsycArticles, CINAHL
Plus with full text and Psychology and Behavioral Sciences
Collection. Furthermore, references of the selected studies
were reviewed in order to identify other relevant studies. A
manual search was performed to prevent source selection
bias.

The search strategy comprised three types of terms
related to the population, sensory component and interven-
tion. The search equation was: brain injur* OR brain
damag* OR tbi OR head trauma OR cerebrovascular disor-
ders OR cerebrovascular accident* OR cva OR stroke OR
poststroke AND multisensor* OR sensor* OR multimodal
OR visual* OR tactile* OR vestibular OR audio* OR olfac-
tory OR Somatosens* OR percep* OR visuo* OR audit*
OR neglect OR propriocep* AND rehabilitation OR remedi-
ation OR education OR *training OR treatment* OR ther-
apy OR stimulation OR integration. All expressions were
limited to the titles.

Studies Selection

Inclusion criteria were: (a) adult participants (+18 years)
with ABI; (b) empirical studies aiming to assess the method-
ology used in sensory stimulation programs; (c) human
studies only; (d) publications in English language only.

The following constituted exclusion criteria: (a) literature
reviews; (b) studies with only motor stimulation or present-
ing only motor outcomes; (c) studies with no relevance for
the theme; (d) studies using only cerebral stimulation tech-
niques; (e) case studies; (f) studies including only partici-
pants in coma or in vegetative persistent state.

After the elimination of duplicate articles, the selection
of studies for full-test analysis was performed by two inde-
pendent reviewers in accordance with the Cochrane Collab-
oration’s recommendations (Higgins & Green, 2011). A
third reviewer was consulted to decide dissent cases in arti-
cle selection. After full-text analysis, articles previous to
1990 were also eliminated due to methodological limita-
tions, such as reduced number of participants, unclear
intervention description, or lack of outcomes of the
intervention.

Results

A total of 774 papers were identified (EBSCO: n = 278,
PubMed: n = 436, OTseeker: n = 60). Three papers were
included through manual search. After the exclusion of
duplicate papers, the analysis of titles and abstracts of
554 papers was carried by two researchers. Sixty-five stud-
ies were retained for full-text analysis, while 489 papers
were excluded, either because they were out of scope, or
were not empirical studies. A Cohen’s κ coefficient of
.878 was obtained with regard to inter-reviewer agreement
in the assessment of titles and abstracts, indicating an
almost perfect agreement between reviewers (Landis &
Koch, 1977).

After full-text analysis, 45 studies were further excluded
for the following reasons: publication before 1990 (n = 9);
sample comprising patients in coma or in vegetative persis-
tent state (n = 3); sample with subjects under 18 years old
(n = 2); without intervention description (n = 8); use of elec-
trostimulation (n = 3); research with focus on motor stimu-
lation or other than sensory stimulation (n = 17); without the
outcomes of intervention (n = 3). Thus, 23 papers fulfilled
the eligibility criteria in the systematic review process
(Figure 1).

Studies Characteristics

The analysis of the methodological quality of the studies
was performed according to the classification of Cicerone
et al. (2000). Class I was given to nine studies with a
prospective design, randomized, and controlled. Two stud-
ies presented a prospective design, quasi-randomized to
treatment conditions, and were classified as Class Ia. Class
II comprised three prospective, non-randomized, cohort
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studies, or clinical studies enabling group comparisons
according to different treatment conditions. Nine studies
were classified as Class III, since they constitute clinical ser-
ies without control group.

The reviewed studies included 621 participants (M =
27.0; SD = 17.8; Min = 7; Max = 69), of which 194 were
female (31%). Study #17 only states that two participants
in the experimental group were female. Participants’ age
ranged between 19 and 89 years. Stroke was more frequent
(n = 18 studies; 78%) than TBI (n = 5 studies; 22%).

Studies were published in 15 different journals. Journals
with higher number of records included in this review were
Neurorehabilitation and Neural Repair (n = 6) and Topics in
Stroke Rehabilitation (n = 3).

Intervention Characteristics

The sensory stimulation programs of the reviewed studies
were initiated 1 month to 8 years after the lesion. The only
exception is study #23, which included participants with
more than 8 years over the lesion. Study #21 did not provide
this information (Table 1).

Multisensory stimulation programs were applied in 17
studies. Vision is the most frequently stimulated sense (n
= 13; studies #1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13), followed
by touch (n = 2; studies #15, 16). Vestibular function (n = 1;
study #14), proprioception (n = 1; study #17), smell (n = 1;
study #20), and hearing (n = 1; study #21) were also stimu-
lated. Four multisensory stimulation programs were

Figure 1. Flow diagram of literature search.

�2020 Hogrefe Publishing European Psychologist (2022), 27(1), 20–40

J. O. Pinto et al., Sensory Stimulation in ABI 23

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



Ta
bl
e
1.

M
et
ho

do
lo
gy

us
ed

in
th
e
as

se
ss

m
en

t
of

th
e
ef
fi
ca

cy
of

se
ns

op
er
ce

pt
iv
e
an

d
co

gn
it
iv
e
pr
og

ra
m
s

N
o

Fi
rs
t

A
ut
ho

r
C
la
ss

E
ti
ol
og

y

A
ge

M
±
S
D

[M
in
,
M
ax

]
Ti
m
e
af
te
r

in
ju
ry

S
en

so
ry

m
od

al
it
y

st
im

ul
at
ed

/
co

gn
it
iv
e

fu
nc

ti
on

s
Tr
ea

tm
en

t

Fr
eq

ue
nc

y
of st
im

ul
at
io
n

S
es

si
on

s
le
ng

th
In
te
rv
en

ti
on

le
ng

th

To
ta
l

nu
m
be

r
of se

ss
io
ns

A
ss

es
sm

en
t

m
om

en
ts

Va
ri
ab

le
s

m
ea

su
re
d

In
st
ru
m
en

ts
M
ai
n
re
su

lt
s

1
M
öd

de
n

(2
01

2)
I

S
tr
ok

e
R
T:

M
=

58
.3

±
11

.4
C
T:

M
=

57
.1
±
8.
3

O
T:

M
=

59
.0

±
11

.1

M
=

4
w
ks

Vi
si
on

(h
em

ia
no

pi
a)

R
es

to
ra
ti
ve

Tr
ai
ni
ng

(R
T)

C
om

pe
ns

at
io
n

Tr
ai
ni
ng

(C
T)

O
cc

up
at
io
na

l
Th

er
ap

y
(O
T)

D
ai
ly

30
m
in

N
A

15
P
re

P
os

t
Vi
su

al
sc

an
ni
ng

,
at
te
nt
io
n
an

d
vi
su

al
pe

ri
m
et
ry

–

vi
su

al
co

nj
un

ct
io
n

se
ar
ch

Vi
su

al
ex
pl
or
at
io
n

R
ea

di
ng

ab
ili
ty

In
de

pe
nd

en
ce

in
A
D
L

TA
P

B
IT

–
LC

T,
S
C
T,

LC W
M
T

E
B
I

Vi
su

al
fi
el
d
en

la
rg
em

en
t
–

"C
T,

R
T

Vi
su

al
ex
pl
or
at
io
n

–
"C

T,
R
T

P
er
fo
rm

an
ce

in
re
ad

in
g
–
"C

T
A
tt
en

ti
on

–
"C

T,
R
T

Vi
su

al
co

nj
un

ct
io
n
se

ar
ch

–
"T

C

2
Fu

nk
et

al
.

(2
01

3)

III
S
tr
ok

e
[2
3–

60
]

M
=
20

.7
w
ks

Vi
si
on

Fe
ed

ba
ck

-b
as

ed
pe

rc
ep

tu
al

tr
ai
ni
ng

M
on

oc
ul
ar

tr
ai
ni
ng

N
A

N
A

4
w
ks

M
=

11
B
as

el
in
e
1

B
as

el
in
e
2

P
os

t
Fo

llo
w
-u
p

(8
w
ks

)

Vi
su

al
or
ie
nt
at
io
n

di
sc

ri
m
in
at
io
n

Vi
su

os
pa

ti
al

ab
ili
ty

Vi
su

oc
on

st
ru
ct
io
n

Vi
su

op
er
ce

pt
io
n

S
pa

ti
al

dy
sg

ra
ph

ia
Vi
su

al
pe

rf
or
m
an

ce
un

re
la
te
d
to

or
ie
nt
at
io
n
pe

rc
ep

ti
on

S
pa

ti
al

co
nt
ra
st

se
ns

it
iv
it
y

Te
xt

re
ad

in
g

Vi
su

al
se

ar
ch

pe
rf
or
m
an

ce

C
VS

P

JL
O
T

M
LT

C
R
T

H
W

Vi
su

al
te
st
s

un
re
la
te
d
to

or
ie
nt
at
io
n

pe
rc
ep

ti
on

:
C
LC

G

R
ea

di
ng

te
st

S
ea

rc
h
ta
sk

on
la
rg
e
vi
su

al
di
sp

la
y

E
rr
or
s
in

C
VS

P
–
ba

se
lin

es
>
po

st
P
os

t
=

fo
llo

w
-u
p

P
os

t
<
ba

se
lin

e
–
er
ro
rs

in
JL

O
T,

M
LT

,C
R
T
an

d
de

vi
at
io
ns

in
H
W

Vi
su

os
pa

ti
al

te
st
s
re
la
te
d

to
or
ie
nt
at
io
n
pe

rc
ep

ti
on

–

ba
se

lin
es

=
po

st

3
N
el
le
s

(2
00

1
II

S
tr
ok

e
E
G
:

M
=

59
.2

±
3.
5

C
G
:

M
=

63
±
3.
2

M
=

1.
5

m
os

[0
.5
–
24

]

Vi
si
on

(h
em

ia
no

pi
a)

C
om

pe
ns

at
io
n

vi
su

al
fi
el
d
tr
ai
ni
ng

(s
ac

ca
di
c
tr
ai
ni
ng

)
C
on

di
ti
on

A
–
ey
es

fi
xa

ti
ng

C
on

di
ti
on

B
–

ex
pl
or
at
or
y
ey
e

m
ov
em

en
ts

2
�

d
30

m
in

4
w
ks

N
A

P
re

P
os

t
Fo

llo
w
-u
p

(8
m
os

)

Vi
su

al
fi
el
d

D
et
ec

ti
on

of
a
vi
su

al
st
im

ul
us

R
ea

ct
io
n
ti
m
e

Fu
nc

ti
on

al
ab

ili
ty

fo
r

A
D
L

TA
P

R
es

po
ns

e
to

a
vi
su

al
st
im

ul
us

Ti
m
e
be

tw
ee

n
on

se
t
of

st
im

ul
us

pr
es

en
ta
ti
on

an
d

re
sp

on
se

N
A

"D
et
ec

ti
on

of
a
vi
su

al
st
im

ul
us

an
d

;
re
ac

ti
on

ti
m
e

C
on

di
ti
on

B
=

fo
llo

w
-u
p

"A
D
L

4
B
er
gs

m
a

(2
01

4)
III

S
tr
ok

e
[4
0–

68
]

M
=

32
.6

m
os

Vi
si
on

(h
em

ia
no

pi
a)

Vi
su

al
R
es

to
ra
ti
on

Tr
ai
ni
ng

5
�

w
k

1
h

13
w
ks

N
A

P
re

P
os

t
Vi
su

al
fi
el
d
de

fe
ct

C
or
ti
ca

l
ti
ss

ue
al
lo
ca

te
d
to

a
pa

rt
of

th
e
vi
su

al
fi
el
d

Fu
nc

ti
on

al
it
y

D
G
P

C
M
F

"V
is
ua

l
fi
el
d

en
la
rg
em

en
t

"G
A
S

5
N
el
le
s

(2
01

0)
II

S
tr
ok

e
[5
3–

68
]

8
w
ks

Vi
si
on

(h
em

ia
no

pi
a)

C
om

pe
ns

at
io
n
ey
e-

m
ov
em

en
t
tr
ai
ni
ng

D
ai
ly

30
m
in

4
w
ks

N
A

P
re

P
os

t
Fo

llo
w
-u
p

(4
w
ks

)

Vi
su

al
fi
el
d
pe

ri
m
et
ry

B
ra
in

ac
ti
va

ti
on

pa
tt
er
n

TA
P

fM
R
I
–
Fi
xa

ti
on

ta
sk

"A
ct
iv
at
io
n
of

th
e

ex
tr
as

tr
ia
te

in
th
e
co

nt
ra
le
si
on

al
he

m
is
ph

er
e
in

th
e
fo
llo

w
-

up

(C
on

ti
nu

ed
on

ne
xt

pa
ge

)

European Psychologist (2022), 27(1), 20–40 �2020 Hogrefe Publishing

24 J. O. Pinto et al., Sensory Stimulation in ABI

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



Ta
bl
e
1.

(C
on

ti
nu

ed
)

N
o

Fi
rs
t

A
ut
ho

r
C
la
ss

E
ti
ol
og

y

A
ge

M
±
S
D

[M
in
,M

ax
]

Ti
m
e
af
te
r

in
ju
ry

S
en

so
ry

m
od

al
it
y

st
im

ul
at
ed

/
co

gn
it
iv
e

fu
nc

ti
on

s
Tr
ea

tm
en

t

Fr
eq

ue
nc

y
of st
im

ul
at
io
n

S
es

si
on

s
le
ng

th
In
te
rv
en

ti
on

le
ng

th

To
ta
l

nu
m
be

r
of se

ss
io
ns

A
ss

es
sm

en
t

m
om

en
ts

Va
ri
ab

le
s

m
ea

su
re
d

In
st
ru
m
en

ts
M
ai
n
re
su

lt
s

6
K
at
z

(2
00

5)
Ia

S
tr
ok

e
E
G
:

M
=

62
.4

±
14

.0
C
G
:

M
=

63
.3

±
10

.8

E
G
:

M
=

47
.9

±
21

.3
d

C
G
:

M
=

35
.6

±
10

.0
d

Vi
si
on

(u
ni
la
te
ra
l

sp
at
ia
l

ne
gl
ec

t)

Vi
rt
ua

l
E
nv

ir
on

m
en

t
In
te
ra
ct
iv
e,

im
m
er
si
ve

C
om

pu
te
r
ba

se
d

vi
su

al
sc

an
ni
ng

ta
sk

s

3
se

ss
io
ns

pe
r
w
k

45
m
in

9
h
(4

w
ks

)
N
A

P
re

P
os

t

Fu
nc

ti
on

al
in
de

pe
nd

en
ce

N
eg

le
ct

m
ea

su
re
s

A
D
L

P
er
fo
rm

an
ce

in
st
re
et

cr
os

si
ng

te
st

–
VR

P
er
fo
rm

an
ce

in
re
al

st
re
et

cr
os

si
ng

FI
M

S
ta
r
C
T
(B
IT
);

M
S
C

A
D
L
ch

ec
kl
is
t

VR
S
C

N
um

be
r
of

ti
m
es

lo
ok

ed
to

th
e
le
ft

an
d
to

th
e
ri
gh

t,
to
ta
l

ti
m
e
to

co
m
pl
et
e

ea
ch

le
ve
l
an

d
nu

m
be

r
of

ac
ci
de

nt
s

Ti
m
e
ta
ke

n
to

de
ci
de

to
cr
os

s
th
e
ro
ad

/n
um

be
r

of
ve
hi
cl
es

th
at

pa
ss

ed
du

ri
ng

th
at

ti
m
e,

nu
m
be

r
of

ti
m
es

lo
ok

ed
to

th
e
le
ft

an
d
to

th
e

ri
gh

t

VR
S
C

"E
G

–
N
um

be
r

of
ti
m
es

lo
ok

ed
to

th
e
le
ft

;E
G

–
ac

ci
de

nt
s

7
Ya

su
da

(2
01

7)
III

S
tr
ok

e
[4
5–

85
]

6
m
os

Vi
si
on

(n
eg

le
ct
)

Vi
rt
ua

l
R
ea

lit
y

N
A

30
m
in

N
A

1
P
re

P
os

t
N
ea

r
sp

ac
e
ne

gl
ec

t
(t
es

ts
pr
es

en
te
d
in

fr
on

t
of

th
e
pa

ti
en

ts
)

an
d
fa
r
(t
es

ts
pr
oj
ec

te
d
on

th
e

w
al
l
at

24
0
cm

)

B
IT
:
LC

T,
LB

T,
S
C
T,

LC
"F

ar
sp

ac
e

ne
gl
ec

t

8
va

n
K
es

se
l

(2
01

3)
Ia

S
tr
ok

e
E
G
:

M
=

61
.8
6
±

7.
75

[5
2–

77
]

C
G
:

M
=

59
.0
7
±

6.
08

[4
8–

71
]

E
G
:

M
d
=

14
0.
57

±
13

3.
56

[5
7–

56
9]

C
G
:

M
d
=
15

7.
60

±
11

7.
16

[6
3–

43
1]

Vi
si
on

(n
eg

le
ct
)

VE
S
ca

nn
in
g

Tr
ai
ni
ng

(E
G
,
C
G
)

VE
S
ca

nn
in
g

Tr
ai
ni
ng

+
La

ne
tr
ac

ki
ng

(E
G
,
C
G
)

VE
S
ca

nn
in
g

Tr
ai
ni
ng

+
D
ua

l
as

k
(E
G
)

5
d
a
w
k

1
h

6
w
ks

30 se
ss

io
ns

P
re

(2
se

ss
io
ns

)
P
os

t

N
eg

le
ct

E
xt
ra
pe

rs
on

al
ne

gl
ec

t
P
er
so

na
l
ne

gl
ec

t

P
er
fo
rm

an
ce

on
dr
iv
in
g
si
m
ul
at
or

LC
T,

LC
,
B
C
T,

LB
T,

W
R
T,

G
ra
y

sc
al
es

,
B
TT

S
em

i-
st
ru
ct
ur
ed

sc
al
e

S
ub

je
ct
iv
e
ne

gl
ec

t
qu

es
ti
on

na
ir
e

“L
an

e
tr
ac

ki
ng

,
S
in
gl
e
de

te
ct
io
n

ta
sk

,D
ua

l
ta
sk

”

"E
G
,C

G

(C
on

ti
nu

ed
on

ne
xt

pa
ge

)

�2020 Hogrefe Publishing European Psychologist (2022), 27(1), 20–40

J. O. Pinto et al., Sensory Stimulation in ABI 25

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



Ta
bl
e
1.

(C
on

ti
nu

ed
)

N
o

Fi
rs
t

A
ut
ho

r
C
la
ss

E
ti
ol
og

y

A
ge

M
±
S
D

[M
in
,
M
ax

]
Ti
m
e
af
te
r

in
ju
ry

S
en

so
ry

m
od

al
it
y

st
im

ul
at
ed

/
co

gn
it
iv
e

fu
nc

ti
on

s
Tr
ea

tm
en

t

Fr
eq

ue
nc

y
of st
im

ul
at
io
n

S
es

si
on

s
le
ng

th
In
te
rv
en

ti
on

le
ng

th

To
ta
l

nu
m
be

r
of se

ss
io
ns

A
ss

es
sm

en
t

m
om

en
ts

Va
ri
ab

le
s

m
ea

su
re
d

In
st
ru
m
en

ts
M
ai
n
re
su

lt
s

9
M
iz
un

o
(2
01

1)
I

S
tr
ok

e
E
G
:

M
=

66
.0

±
11

.5
C
G
:

M
=

66
.6

±
7.
7

E
G
:

67
.1

±
18

.4
d

C
G
:

64
.4

±
20

.9
d

Vi
si
on

(n
eg

le
ct
)

P
ri
sm

A
da

pt
at
io
n

Th
er
ap

y

2
�

d
–
5
d

pe
r
w
k

20
m
in

2
w
ks

20
P
re

P
os

t
Fo

llo
w
-u
p

at di
sc

ha
rg
e

(9
5.
5
±
41

.2
d
af
te
r

tr
ea

tm
en

t
in

E
G

an
d

99
.3

±
49

.0
in

C
G
)

S
pa

ti
al

ne
gl
ec

t
N
eg

le
ct

in
A
D
L

A
D
L

S
tr
ok

e
im

pa
ir
m
en

t
G
lo
ba

l
co

gn
it
iv
e

fu
nc

ti
on

in
g

B
IT
-C

;
B
IT
-B

C
B
S

FI
M

S
IA
S

M
M
S
E

E
G

>
FI
M

>
C
G

E
G

w
it
h
m
ild

ne
gl
ec

t
>

B
IT
-C

>
C
G

10
B
ri
nk

(2
01

7a
)

I
S
tr
ok

e
P
A
:

M
=

59
.3
1
±

14
.4
5

S
A
:

M
=

61
.4
8
±

13
.3
7

P
A
:

M
=

41
.5
0
±

39
.0
0
d

S
A
:

M
=

37
.0
0
±

37
.0
0
d

Vi
si
on

(n
eg

le
ct
)

P
ri
sm

A
da

pt
at
io
n

(P
A
)
vs
.
S
ha

m
A
da

pt
at
io
n
(S
A
)

S
ta
nd

ar
d

tr
ea

tm
en

t
N
eg

le
ct

tr
ea

tm
en

t

1
�

d
(w

or
ki
ng

d)
1
h
pe

r
w
k

N
A

2
w
k

1–
6
w
ks

(3
on

av
er
ag

e)

10
B
as

el
in
e

1,
2,

3,
4,

6,
14

w
ks

fr
om

th
e

st
ar
t
of

tr
ea

tm
en

t
M
A
C
–

ba
se

lin
e,

2,
4,

an
d

14
w
ks

N
eg

le
ct

in
A
D
L

N
eg

le
ct

Ta
rg
et
s
de

te
ct
io
n
in

dy
na

m
ic

ta
sk

G
lo
ba

l
co

gn
it
iv
e

fu
nc

ti
on

in
g

Q
ua

lit
y
of

co
m
m
un

ic
at
io
n

M
us

cl
e
st
re
ng

th
In
de

pe
nd

en
ce

in
A
D
L

In
de

pe
nd

en
ce

in
w
al
ki
ng

C
B
S

S
C
T,

LB
T

M
A
C

M
M
S
E
or

M
oC

A

S
A
N

M
I

B
I

FA
C

"C
B
S
,
M
A
C
an

d
S
C
T
–
P
A

an
d
S
A

11
Fo

rd
el
l

(2
01

6)
III

S
tr
ok

e
M

=
72

.8
±
5.
7

[6
2–

82
]

M
=

41
±
27

m
os

[6
–
12

0]
Vi
su

al
(h
em

in
eg

le
ct
)

R
eh

A
tt

–
vi
su

al
sc

an
ni
ng

tr
ai
ni
ng

w
it
h
m
ul
ti
-s
en

so
ry

st
im

ul
at
io
n
in

3D
vi
rt
ua

l
re
al
it
y
(V
R
)

ga
m
e
en

vi
ro
nm

en
t

3
�

w
k

1
h

15
h,

5
w
k

N
A

B
as

el
in
es

1,
2,

3
P
os

t
Fo

llo
w
-u
p

(6
m
os

)

G
lo
ba

l
co

gn
it
iv
e

fu
nc

ti
on

in
g

Fu
nc

ti
on

al
it
y

N
eg

le
ct

S
tr
ok

e
se

ve
ri
ty

A
D
L

M
M
S
E

B
I

VR
–
D
iS
TR

O
:

S
ta
r
C
T,

B
TT

,
LB

T,
E
T,

P
T

N
IH
S
S

C
B
S

"S
C
T,

B
TT

,
E
T

"C
B
S
in

se
lf
-r
ep

or
t
an

d
ob

se
rv
er

as
se

ss
m
en

t

12
A
pa

ri
ci
o-

Ló
pe

z
(2
01

5)

I
S
tr
ok

e
M

=
48

.0
8
±
9.
07

90
±
46

.7
9
d

[3
6–

19
4]

Vi
su

o-
sp

at
ia
l

at
te
nt
io
n

(n
eg

le
ct
)

C
om

pu
te
r-
ba

se
d

co
gn

it
iv
e

re
ha

bi
lit
at
io
n

(G
ut
tm

an
-

N
eu

ro
P
er
so

na
l

Tr
ai
ne

r)
an

d
ri
gh

t
he

m
ifi
el
d
ey
e-

pa
tc
hi
ng

G
ut
tm

an
-

N
eu

ro
P
er
so

na
l

Tr
ai
ne

r
–
si
ng

le
tr
ea

tm
en

t

M
=

3.
08

±
0.
66

w
k

se
ss

io
ns

1
h

M
=

15
.1
7
±

1.
11

h
M

=
15

P
re

P
os

t
Vi
su

os
pa

ti
al

at
te
nt
io
n

N
eg

le
ct

in
A
D
L

B
C
T,

FC
O
,
LB

T,
B
TT

,
R
T,

C
B
S

G
ut
tm

an
-

N
eu

ro
P
er
so

na
lT
ra
in
er
:

"L
B
T

C
om

bi
ne

d
tr
ea

tm
en

t:
"B

C
T,

LB
T

R
ea

di
ng

te
st
:
C
om

bi
ne

d
Tr
ea

tm
en

t
>
G
ut
tm

an
-

N
eu

ro
P
er
so

na
lT
ra
in
er

(C
on

ti
nu

ed
on

ne
xt

pa
ge

)

European Psychologist (2022), 27(1), 20–40 �2020 Hogrefe Publishing

26 J. O. Pinto et al., Sensory Stimulation in ABI

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



Ta
bl
e
1.

(C
on

ti
nu

ed
)

N
o

Fi
rs
t

A
ut
ho

r
C
la
ss

E
ti
ol
og

y

A
ge

M
±
S
D

[M
in
,M

ax
]

Ti
m
e
af
te
r

in
ju
ry

S
en

so
ry

m
od

al
it
y

st
im

ul
at
ed

/
co

gn
it
iv
e

fu
nc

ti
on

s
Tr
ea

tm
en

t

Fr
eq

ue
nc

y
of st
im

ul
at
io
n

S
es

si
on

s
le
ng

th
In
te
rv
en

ti
on

le
ng

th

To
ta
l

nu
m
be

r
of se

ss
io
ns

A
ss

es
sm

en
t

m
om

en
ts

Va
ri
ab

le
s

m
ea

su
re
d

In
st
ru
m
en

ts
M
ai
n
re
su

lt
s

13
P
ic
ca

rd
i

(2
00

6)
III

S
tr
ok

e
[6
3–

77
]

2
±
0.
69

m
os

Vi
si
on

(n
eg

le
ct
)

an
d
at
te
nt
io
n

de
fi
ci
t
(n
o-

la
te
ra
liz

ed
di
so

rd
er
)

S
ta
nd

ar
d

ne
gl
ec

t
tr
ea

tm
en

t
ba

se
d
on

vi
su

os
pa

ti
al

re
ha

bi
lit
at
io
n

5
d
pe

r
w
k

45
m
in

2
m
os

N
A

P
re

P
os

t
N
eu

ro
lo
gi
ca

l
di
so

rd
er
s

N
eg

le
ct

Fu
nc

ti
on

al
ev
al
ua

ti
on

of
he

m
in
eg

le
ct

A
tt
en

ti
on

al
ab

ili
ti
es

M
R
,
C
A
T

LC
T;

LC
;
W
or
d

an
d
no

n-
w
or
d

re
ad

in
g
te
st
;
B
C
T

S
em

i-
st
ru
ct
ur
ed

sc
al
e

TE
A
-C

B
A
:

al
er
tn
es

s
te
st
,

G
o/
N
o-
G
o
te
st
,

vi
gi
la
nc

e
te
st

"A
bi
lit
y
of

vi
su

os
pa

ti
al

ex
pl
or
at
io
n

"F
un

ct
io
na

lit
y

In
te
rv
en

ti
on

di
d
no

t
im

pr
ov
e
at
te
nt
io
na

l
pe

rf
or
m
an

ce

14
D
ai

(2
01

3)
I

S
tr
ok

e
M

=
60

.8
8
±

13
.8
7
[3
0–

87
]

M
=

65
.3
8
±

38
.9
5
d
[1
5–

15
5]

Ve
st
ib
ul
ar

(n
eg

le
ct
)

Ve
st
ib
ul
ar

R
eh

ab
ili
ta
ti
on

–

C
aw

th
or
ne

–
C
oo

ks
ey

ex
er
ci
se

s
w
it
h

re
gi
st
er
ed

nu
rs
e

(R
VN

)
an

d
w
it
h

pr
im

ar
y
ca

re
gi
ve
r

(R
VC

)
C
on

ve
nt
io
na

l
re
ha

bi
lit
at
io
n

R
VN

–

1
�

d
R
VC

–
N
A

R
VN

–
30

m
in

R
VC

–
N
A

R
VN

–

2
w
ks

R
VC

–
2
w
ks

R
VN

–
10

R
VC

–
N
A

P
re

D
ay

14
(2
nd

w
k
of

in
te
rv
en

ti
on

)
D
ay

28
(4
th

w
k)

N
eg

le
ct

A
D
L

B
al
an

ce
Fa

lls

B
IT
-C

FI
M

P
A
S
S

N
um

be
r
of

fa
lls

"B
IT
-C

,
FI
M
,
P
A
S
S
–
E
G

an
d
C
G

In
te
ra
ct
io
n
E
G

�
da

y
14

an
d
da

y
28

–
"B

IT
-C

,F
IM

,
P
A
S
S

15
C
ar
ey

(2
01

1)
I

S
tr
ok

e
M

=
61

.0
2
±

12
.7
5

M
=

48
.1
4

w
ks

To
uc

h
S
om

at
os

en
so

ry
di
sc

ri
m
in
at
io
n

tr
ai
ni
ng

R
ep

ea
te
d

ex
po

su
re

to
se

ns
or
y

st
im

ul
ae

3
�

w
k

60
m
in

N
A

10
P
re

E
nd

of
ph

as
e
1

E
nd

of
ph

as
e
2

Fo
llo

w
-u
p

(6
w
k
an

d
6

m
os

)

H
an

d
do

m
in
an

ce
S
id
e
an

d
si
te

of
le
si
on

S
ev
er
it
y
of

ne
ur
ol
og

ic
al

im
pa

ir
m
en

t
Fu

nc
ti
on

al
it
y

S
om

at
os

en
so

ry
im

pa
ir
m
en

t
–
to
uc

h
Te

xt
ur
e
di
sc

ri
m
in
at
io
n

Li
m
b
po

si
ti
on

se
ns

e
Te

m
pe

ra
tu
re

di
sc

ri
m
in
at
io
n

Ta
ct
ile

ob
je
ct

re
co

gn
it
io
n

H
an

d
fu
nc

ti
on

A
Q

C
A
T
or

M
R

N
IH
S
S

B
I

W
E
S
T-
ha

nd
m
on

of
ila

m
en

ts
TD

T
an

d
FM

T
W
P
S
T
an

d
FP

S
R
D
K

fT
O
R
T

S
O
D
A
,
M
A
L

E
G

>
C
G

in
se

ns
or
y

di
sc

ri
m
in
at
io
n
6
w
k:

�3
1%

–
pe

rf
or
m
an

ce
w
it
hi
n
th
e
he

al
th
y
ra
ng

e
�6

9%
;
de

fi
ci
t
by

50
%

or
+

�8
3%

;
de

fi
ci
t
of

>=
25

%
6
m
os

:
�3

6%
–
pe

rf
or
m
an

ce
w
it
hi
n
th
e
he

al
th
y
ra
ng

e
�5

9%
–
;
de

fi
ci
t
by

50
%

or
+ �8

6%
–
;
de

fi
ci
t
of

>=
25

%

16
C
ar
ey

(2
01

6)
III

S
tr
ok

e
[4
0–

79
]

6
m
os

To
uc

h
To

uc
h
di
sc

ri
m
-

in
at
io
n
tr
ai
ni
ng

3
�

w
k

45
–
60

m
in

6
w
ks

15
P
re

P
os

t
S
ev
er
it
y
of

ne
ur
ol
og

ic
al

im
pa

ir
m
en

t
H
an

d
fu
nc

ti
on

To
uc

h
de

te
ct
io
n

Ta
ct
ile

D
is
cr
im

in
at
io
n

Li
m
b
po

si
ti
on

se
ns

e
Ta

ct
ile

ob
je
ct

re
co

gn
it
io
n

Te
m
pe

ra
tu
re

di
sc

ri
m
in
at
io
n

B
ra
in

ac
ti
va

ti
on

pa
tt
er
n

N
IH
S
S

A
R
A
T

W
E
S
T
–
ha

nd
m
on

of
ila

m
en

ts
TD

T
W
P
S
T

fT
O
R
T

R
D
K

fM
R
I:
TS

P

TD
T
–
po

st
>p

re

(C
on

ti
nu

ed
on

ne
xt

pa
ge

)

�2020 Hogrefe Publishing European Psychologist (2022), 27(1), 20–40

J. O. Pinto et al., Sensory Stimulation in ABI 27

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



Ta
bl
e
1.

(C
on

ti
nu

ed
)

N
o

Fi
rs
t

A
ut
ho

r
C
la
ss

E
ti
ol
og

y

A
ge

M
±
S
D

[M
in
,
M
ax

]
Ti
m
e
af
te
r

in
ju
ry

S
en

so
ry

m
od

al
it
y

st
im

ul
at
ed

/
co

gn
it
iv
e

fu
nc

ti
on

s
Tr
ea

tm
en

t

Fr
eq

ue
nc

y
of st
im

ul
at
io
n

S
es

si
on

s
le
ng

th
In
te
rv
en

ti
on

le
ng

th

To
ta
l

nu
m
be

r
of se

ss
io
ns

A
ss

es
sm

en
t

m
om

en
ts

Va
ri
ab

le
s

m
ea

su
re
d

In
st
ru
m
en

ts
M
ai
n
re
su

lt
s

17
M
ül
le
r

(2
00

2)
I

TB
I

M
=

32
[1
9
–
59

]
M

=
6.
4
±

3.
2
m
os

P
ro
-

pr
io
ce

pt
io
n

M
us

cl
e
vi
br
at
io
n

(P
as

si
ve

or
ch

oi
ce

-
re
ac

ti
on

-t
im

e
ta
sk

w
it
h
or

w
it
ho

ut
vi
br
at
io
n
of

le
ft

fo
re
ar
m
)

N
A

N
A

N
A

Tr
ai
ni
ng

se
ss

io
ns

+
10

ex
pe

ri
-

m
en

ta
l

se
ss

io
ns

D
ur
in
g
th
e

in
te
rv
en

ti
on

E
le
ct
ri
ca

l
br
ai
n
ac

ti
vi
ty

O
cu

la
r
m
ov
em

en
ts

B
eh

av
io
r
du

ri
ng

th
e
ta
sk

P
re
m
or
bi
d
IQ

M
em

or
y

A
tt
en

ti
on

E
xe
cu

ti
ve

Fu
nc

ti
on

s

E
R
P
pr
op

ri
oc

ep
ti
on

E
le
ct
ro
-o
cu

lo
gr
am

R
ea

ct
io
n
ti
m
e,

%
co

rr
ec

t
re
sp

on
se

s,
d

va
lu
es

–
hi
ts
,

m
is
se

s,
fa
ls
e

al
ar
m
s

W
A
IS
-R

R
FT

,A
VL

T
d2 S
tr
oo

p
te
st
,

w
or
ki
ng

m
em

or
y

an
d
fl
ex
ib
ili
ty

su
bt
es

ts
of

C
B
A

E
G

>
co

rr
ec

t
de

te
ct
io
ns

w
it
h
vi
br
at
io
n

E
G

<
hi
t
ra
te

<
C
G

E
G
>
re
ac

ti
on

ti
m
e
(w

it
h
or

w
it
ho

ut
vi
br
at
io
n)

>
C
G

E
G

<
re
ac

ti
on

ti
m
e
w
it
h

vi
br
at
io
n
<
re
ac

ti
on

ti
m
e

w
it
ho

ut
vi
br
at
io
n

E
G

>
P
30

0
la
te
nc

y
<
C
G

E
G
–
vi
br
at
io
n
sp

ed
up

th
e

of
fs
et

of
th
e
P
30

0
E
G

–
W
A
IS
-R

,
R
FT

,
A
VL

T,
an

d
d2

–
no

rm
al
;c

og
ni
ti
ve

sl
ow

in
g,

m
ild

im
pa

ir
m
en

t
of

E
F

18
C
ar
ey

(1
99

3)
III

S
tr
ok

e
[3
4–

75
]

5–
26

.5
w
ks

To
uc

h
an

d
pr
op

ri
oc

ep
ti
on

Te
xt
ur
e

di
sc

ri
m
in
at
io
n

tr
ai
ni
ng

Li
m
b
po

si
ti
on

di
sc

ri
m
in
at
io
n

of
th
e
w
ri
st

U
su

al
re
ha

bi
lit
at
io
n

pr
og

ra
m

48
–
72

h
be

tw
ee

n
se

ss
io
ns

B
as

el
in
e:

15
–
30

m
in

S
tu
dy

1:
9–

13
w
ks

S
tu
dy

2:
13

–
16

w
ks

S
tu
dy

1:
10 S
tu
dy

2:
20

S
tu
dy

1:
10

ba
se

lin
e

se
ss

io
ns

In
te
rv
en

ti
on

Fo
llo

w
-u
p

(9
–
13

w
ks

)
S
tu
dy

2:
10

ba
se

lin
e

se
ss

io
ns

In
te
rv
en

ti
on

Fo
llo

w
-u
p

(1
3–

16
w
ks

)

Ta
ct
ile

di
sc

ri
m
in
at
io
n

P
ro
pr
io
ce

pt
iv
e

di
sc

ri
m
in
at
io
n

TD
T

P
D
T

"T
ex
tu
re

an
d
lim

b
po

si
ti
on

di
sc

ri
m
in
at
io
n

19
C
ar
ey

(2
00

5)
III

S
tr
ok

e
[4
4–

88
]

4.
5–

52
w
ks

To
uc

h
an

d
pr
op

ri
oc

ep
ti
on

S
ti
m
ul
us

-s
pe

ci
fi
c

tr
ai
ni
ng

(S
tu
dy

1)
S
ti
m
ul
us

-
ge

ne
ra
liz

at
io
n

tr
ai
ni
ng

(S
tu
dy

2)

S
tu
dy

1:
3
�

w
k

S
tu
dy

1:
40

–
60

m
in

12
–
14

w
ks

3
ph

as
es

w
it
h
10

se
ss

io
ns

ea
ch

B
as

el
in
e

as
se

ss
-

m
en

ts
w
it
h
48

–
72

hr
of

in
te
rv
al

Fo
llo

w
-u
p

(1
2–

14
w
ks

)

S
tu
dy

1
Ta

ct
ile

-d
is
cr
im

in
at
io
n:

P
ro
pr
io
ce

pt
io
n

S
tu
dy

2:
Ta

ct
ile

-d
is
cr
im

in
at
io
n

Te
xt
ur
e-
gr
id

m
at
ch

in
g

ab
ili
ty

S
tu
dy

1:
TD

T,
FM

T
W
P
S
T

S
tu
dy

2:
FM

T
G
M
T

S
tu
dy

1:
FM

T
an

d
W
P
S
T
–
no

rm
al

pe
rf
or
m
an

ce
,c

om
pa

ra
bl
e

to
th
e
un

af
fe
ct
ed

ha
nd

S
tu
dy

2:
G
M
T
–
no

rm
al

pe
rf
or
m
an

ce

20
S
ul
liv
an

(1
99

8)
I

TB
I

M
=

23
.7
8

E
G
:
M

=
8.
30

±
4.
85

m
os

C
G
:
M

=
8.
70

±
4.
80

m
os

O
lf
ac

t
an

d
su

st
ai
ne

d
at
te
nt
io
n

O
lf
ac

to
ry

st
im

ul
at
io
n

(f
ra
gr
an

ce
de

liv
er
y)

A
tt
en

ti
on

al
ta
sk

of
st
im

ul
ae

de
te
ct
io
n

N
A

30
m
in

N
A

E
G
:
M

ai
r

=
1.
7,

M
pe

pp
er
-

m
in
t
=

2.
10

C
G
:
M

ai
r

=
1.
3,

M
pe

pp
er
-

m
in
t
=
1.
4

P
re

D
ur
in
g

th
e

in
te
rv
en

ti
on

S
ev
er
it
y
of

le
si
on

A
no

sm
ia

S
us

ta
in
ed

at
te
nt
io
n

G
C
S

A
no

sm
ia

S
cr
ee

ni
ng

te
st

P
er
ce

nt
ag

es
of

co
rr
ec

t
de

te
ct
io
ns

an
d
fa
ls
e
al
ar
m
s

E
G

–
ra
te

of
de

te
ct
io
n

ffi
C
G

E
G

>
fa
ls
e
al
ar
m

>
C
G

"E
G
–
fa
ls
e
al
ar
m

ov
er

th
e

co
ur
se

in
th
e
pr
es

en
ce

of
un

sc
en

te
d
ai
r

;C
G

–
fa
ls
e
al
ar
m

ov
er

ti
m
e

E
G

ffi
C
G

–
in

pe
pp

er
m
in
t

ai
r (C
on

ti
nu

ed
on

ne
xt

pa
ge

)

European Psychologist (2022), 27(1), 20–40 �2020 Hogrefe Publishing

28 J. O. Pinto et al., Sensory Stimulation in ABI

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



Ta
bl
e
1.

(C
on

ti
nu

ed
)

N
o

Fi
rs
t

A
ut
ho

r
C
la
ss

E
ti
ol
og

y

A
ge

M
±
S
D

[M
in
,M

ax
]

Ti
m
e
af
te
r

in
ju
ry

S
en

so
ry

m
od

al
it
y

st
im

ul
at
ed

/
co

gn
it
iv
e

fu
nc

ti
on

s
Tr
ea

tm
en

t

Fr
eq

ue
nc

y
of st
im

ul
at
io
n

S
es

si
on

s
le
ng

th
In
te
rv
en

ti
on

le
ng

th

To
ta
l

nu
m
be

r
of se

ss
io
ns

A
ss

es
sm

en
t

m
om

en
ts

Va
ri
ab

le
s

m
ea

su
re
d

In
st
ru
m
en

ts
M
ai
n
re
su

lt
s

21
D
un

do
n

(2
01

5)
I

TB
I

M
=

38
.9
6
±

10
.1
3
[1
9–

58
]

N
A

H
ea

ri
ng

/S
el
ec

ti
ve

at
te
nt
io
n

C
og

ni
ti
ve

tr
ai
ni
ng

ba
se

d
on

A
tt
en

ti
on

P
ro
ce

ss
Tr
ai
ni
ng

w
it
h

ba
ck

gr
ou

nd
no

is
e

ad
ap

ti
ve

(A
da

pt
iv
e

G
ro
up

–
A
G
)a

nd
N
on

-
ad

ap
ti
ve

(N
A
G
)

N
A

1
h

N
A

8
P
re

P
os

t
A
ud

it
or
y
se

le
ct
iv
e

at
te
nt
io
n

Im
m
ed

ia
te

an
d
de

la
ye
d

re
ca

ll
D
is
tr
ac

ti
bi
lit
y

P
er
ce

iv
ed

st
re
ss

S
ym

pt
om

s
of

so
m
at
ic

st
re
ss

E
le
ct
ro
ph

ys
io
lo
gi
ca

l
ac

ti
vi
ty

A
tt
en

ti
on

to
sp

ee
ch

in
no

is
y

TE
A
:
E
C
,
E
C
-d

,
E
C
-r
,
TS

R
B
M
T:

R
I
an

d
R
D

D
is
t

P
S
Q

C
-S

O
S
I

E
ve
nt

re
la
te
d

po
te
nt
ia
l
–

od
db

al
l
ta
sk

D
L

"A
G

an
d
N
A
G

–
D
L

C
G

>
N
A
G

>
A
G

–
pr
e
an

d
po

st
in

E
C
-r

E
G
(A
G
an

d
N
A
G
)–

"E
C
-d

,
TS

,
R
I,
R
D
an

d
E
C
-r

D
L
pe

rf
or
m
an

ce
in

po
st
-

tr
ai
ni
ng

co
rr
el
at
ed

w
it
h

pr
e-
tr
ai
ni
ng

S
Q
,

D
is
t
an

d
C
-S

O
S
I

N
A
G

an
d
A
G

>
P
3b

am
pl
it
ud

e
fr
om

pr
e/
po

st
>

C
G

22
D
vo
rk
in

(2
01

3)
III

TB
I

M
=

37
.8

±
17

.9
M

=
10

.3
±

15
.6

w
ks

Vi
su

o-
ha

pt
ic
/

at
te
nt
io
n

Vi
rt
ua

l
R
ea

lit
y
w
it
h

ro
bo

ti
c
ha

pt
ic

st
im

ul
at
io
n
–
3

co
nd

it
io
ns

:
no

ha
pt
ic

fe
ed

ba
ck

,
br
ea

k-
th
ro
ug

h
fo
rc
e
or

ge
nt
le

pu
ls
e
of

fo
rc
e

N
A

6
bl
oc

ks
of

tr
ia
ls
,

ea
ch

la
st
in
g
4

m
in
,
w
it
h

un
lim

it
ed

nu
m
be

r
of

tr
ia
ls

2
d

2
D
ur
in
g
th
e

in
te
rv
en

ti
on

C
og

ni
ti
ve

fu
nc

ti
on

in
g

S
pa

ti
al

an
d
te
m
po

ra
l

ki
ne

m
at
ic

pa
ra
m
et
er
s
of

th
e
re
ac

h
m
ov
em

en
t

P
ro
bl
em

be
ha

vi
or

R
LA

To
ta
l
tr
ia
l
ti
m
e,

ha
nd

pa
tc
h,

ve
lo
ci
ty

an
d

di
st
an

ce
fr
om

ta
rg
et
,
du

ra
ti
on

of
pa

us
es

du
ri
ng

th
e
m
ov
em

en
t,

nu
m
be

r
of

ta
rg
et
s

ac
qu

ir
ed

in
a

bl
oc

k

P
B
C

2n
d
se

ss
io
n
<
pa

us
es

an
d

du
ra
ti
on

of
pa

us
e
<
1s

t
se

ss
io
n

"A
cq

ui
re
d
ta
rg
et
s

1s
t
se

ss
io
n
–
no

fe
ed

ba
ck

an
d
br
ea

k-
th
ro
ug

h
fo
rc
e
<

ac
qu

ir
ed

ta
rg
et
s
<
ge

nt
le

pu
ls
e
of

fo
rc
e

2n
d
se

ss
io
n
–
no

fe
ed

ba
ck

an
d
ge

nt
le

pu
ls
e
of

fo
rc
e
>

ta
rg
et
s
>
br
ea

k-
th
ro
ug

h
fo
rc
e

Ti
m
e
tr
ia
l
>
br
ea

k-
th
ro
ug

h
fo
rc
e

23
G
óm

ez
(2
01

6)
II

TB
I

E
G
:

M
=

38
.0
6
±

8.
25

0.
5–

4
yr

–
5

Vi
si
on

,
au

di
ti
on

S
no

ez
el
en

N
A

18
m
in

N
A

1
P
re

E
le
ct
ri
ca

l
br
ai
n
ac

ti
vi
ty

E
E
G

;
M
ed

ia
n
fr
eq

ue
nc

y
in

th
e

ri
gh

t
ce

nt
ra
la

nd
te
m
po

ra
l

E
E
G

el
ec

tr
od

es
C
P
G
:

M
=

44
.6
1
±

10
.8
9

4–
8
yr

–
8

P
os

t

C
G
:

M
=

37
.5
6
±

5.
58

>
8
yr

–
5

N
ot
es

.M
=
M
ea

n;
h
=
H
ou

r;
m
in

=
M
in
ut
es

;w
ks

=
W
ee

ks
;d

=
D
ay

;m
os

=
M
on

th
s;

yr
=
Ye

ar
;N

A
=
N
ot

A
va

ila
bl
e;

P
re

=
P
re
-I
nt
er
ve
nt
io
n;

P
os

t
=
P
os

t-
In
te
rv
en

ti
on

;A
D
L
=
A
ct
iv
it
ie
s
of

D
ai
ly

Li
vi
ng

;T
A
P
=
Te

st
B
at
te
ry

of
A
tt
en

ti
on

al
P
er
fo
rm

an
ce

;B
IT

=
B
eh

av
io
ra
lI
na

tt
en

ti
on

Te
st
;L

C
T
=
Li
ne

C
an

ce
la
ti
on

Ta
sk

;S
ta
r
C
T
=
S
ta
r
C
an

ce
la
ti
on

Te
st
;L

C
=
Le

tt
er

C
an

ce
la
ti
on

;
W
M
T
=
W
ec

hs
le
r
M
em

or
y
Te

st
;E

B
I=

E
xt
en

de
d

B
ar
th
el

In
de

x;
C
VS

P
=

C
om

pu
te
ri
ze

d
Vi
su

al
-S

pa
ti
al

P
er
ce

pt
io
n
P
ro
gr
am

;
JL

O
T
=

Ju
dg

m
en

t
of

Li
ne

O
ri
en

ta
ti
on

Te
st
;
M
LT

=
M
ac

k-
Le

vi
ne

te
st
;
C
R
T
=

C
lo
ck

-R
ea

di
ng

Te
st
;
H
W

=
H
or
iz
on

ta
l
W
ri
ti
ng

;
C
LC

G
=

C
am

br
id
ge

Lo
w

C
on

tr
as

t
G
ra
ti
ng

s;
E
G
=
E
xp

er
im

en
ta
lG

ro
up

;C
G
=
C
on

tr
ol

G
ro
up

;T
A
=
Tu

bi
ng

er
A
ut
om

at
ic

P
er
im

et
er
;D

G
P
=
D
yn

am
ic

G
ol
dm

an
n
pe

ri
m
et
ry
;C

M
F
=
C
or
ti
ca

lM
ag

ni
fi
ca

ti
on

Fa
ct
or
;G

A
S
=
G
oa

l
A
tt
ai
nm

en
t
S
ca

lin
g;

fM
R
I=

Fu
nc

ti
on

al
M
ag

ne
ti
c
R
es

on
an

ce
Im

ag
in
g;

VR
=
Vi
rt
ua

lR
ea

lit
y;
FI
M

=
Fu

nc
ti
on

al
In
de

pe
nd

en
ce

M
ea

su
re
;M

S
C
=
M
es

ul
am

S
ym

bo
lC

an
ce

lla
ti
on

Te
st
;V

R
S
C
=
VR

S
tr
ee

t
C
ro
ss

in
g
Te

st
;

LB
T
=
Li
ne

B
is
ec

ti
on

Ta
sk

;
VE

=
Vi
su

os
pa

ti
al
;
B
C
T
=
B
el
ls

C
an

ce
la
ti
on

Te
st
;
W
R
T
=
W
or
d
R
ea

di
ng

Ta
sk

;
B
TT

=
B
ak

in
g
Tr
ay

Ta
sk

;
B
IT
-C

=
B
eh

av
io
ra
lI
na

tt
en

ti
on

Te
st

–
C
on

ve
nt
io
na

lT
es

t;
B
IT
-B

=
B
eh

av
io
ra
l

In
at
te
nt
io
n
Te

st
–
B
eh

av
io
ra
l
te
st
;
C
B
S
=

C
at
he

ri
ne

B
er
ge

go
S
ca

le
;
S
IA
S
=

S
tr
ok

e
Im

pa
ir
m
en

t
A
ss

es
sm

en
t
S
et
;
M
M
S
E
=

M
in
i-
M
en

ta
l
S
ta
te

E
xa

m
in
at
io
n;

S
C
T
=

S
ha

pe
C
an

ce
lla

ti
on

Ta
sk

;
M
A
C
=

M
ob

ili
ty

A
ss

es
sm

en
t
C
ou

rs
e;

M
oC

A
=
M
on

tr
ea

lC
og

ni
ti
ve

A
ss

es
sm

en
t;
S
A
N
=
S
ti
ch

ti
ng

A
fa
si
e
N
ed

er
la
nd

Te
st
;M

I=
M
ot
ri
ci
ty

In
de

x;
B
I=

B
ar
th
el

In
de

x;
FA

C
=
Fu

nc
ti
on

al
A
m
bu

la
ti
on

C
at
eg

or
ie
s;

E
T
=
E
xt
in
ct
io
n
te
st
;P

T
=
P
os

ne
r
Ta

sk
U
ni
fi
ed

In
de

x;
N
IH
S
S
=
N
at
io
na

lI
ns

ti
tu
te
s
of

H
ea

lt
h
S
tr
ok

e
S
ca

le
;F

C
O
=
Fi
gu

re
C
op

yi
ng

of
O
dg

en
;M

R
=
M
ag

ne
ti
c
R
es

on
an

ce
;C

A
T
=
C
om

pu
te
ri
ze

d
A
xi
al

To
m
og

ra
ph

y;
TE

A
-C

B
A
=
C
om

pu
te
ri
ze

d
S
cr
ee

ni
ng

B
at
te
ry

of
A
tt
en

ti
on

al
D
is
or
de

rs
;P

A
S
S
=
P
os

tu
ra
lA

ss
es

sm
en

t
S
ca

le
fo
r
S
tr
ok

e
P
at
ie
nt
s;

A
Q
=
A
nn

et
t
Q
ue

st
io
nn

ai
re
;
W
E
S
T
=
W
ei
ns

te
in

E
nh

an
ce

d
S
en

so
ry

Te
st
;T

D
T
=
Ta

ct
ile

D
is
cr
im

in
at
io
n
Te

st
;

FM
T
=

Fa
br
ic

M
at
ch

in
g
Te

st
;
W
P
S
T
=

W
ri
st

P
os

it
io
n
S
en

se
Te

st
;
FP

S
=

Fi
ng

er
P
os

it
io
n
S
en

se
;
R
D
K

=
R
oy

la
n
H
ot

an
d
C
ol
d
D
is
cr
im

in
at
io
n
K
it
;
fT
O
R
T
=

fu
nc

ti
on

al
Ta

ct
ile

O
bj
ec

t
R
ec

og
ni
ti
on

Te
st
;
S
O
D
A
=

S
eq

ue
nt
ia
lO

cc
up

at
io
na

lD
ex
te
ri
ty

A
ss

es
sm

en
t;
M
A
L
=
M
ot
or

A
ct
iv
it
y
Lo

g;
A
R
A
T
=
A
ct
io
n
R
es

ea
rc
h
A
rm

Te
st
;
TS

P
=
To

uc
h
S
ti
m
ul
at
io
n
P
ar
ad

ig
m
;I
Q
=
In
te
lli
ge

nc
e
Q
uo

ti
en

t;
E
R
P
=
E
ve
nt
-R

el
at
ed

P
ot
en

ti
al
s;

W
A
IS
-R

=
W
ec

hs
le
r
A
du

lt
In
te
lli
ge

nc
e
S
ca

le
–
R
ev
is
ed

;
R
FT

=
R
ec

ur
ri
ng

Fi
gu

re
s
Te

st
;
A
VL

T
=

A
ud

it
or
y
Ve

rb
al

Le
ar
ni
ng

Te
st
;
C
B
A
=

C
om

pu
te
ri
ze

d
B
at
te
ry

fo
r
th
e
A
ss

es
sm

en
t
of

at
te
nt
io
n
de

fi
ci
ts
;
E
F
=

E
xe
cu

ti
ve

Fu
nc

ti
on

s;
P
D
T
=
P
ro
pr
io
ce

pt
iv
e
D
is
cr
im

in
at
io
n
Te

st
;G

M
T
=
G
ri
d
M
at
ch

in
g
Te

st
;G

C
S
=
G
la
sg

ow
C
om

a
S
ca

le
;T

E
A
=
Te

st
of

E
ve
ry
da

y
A
tt
en

ti
on

;E
C
=
E
le
va

to
r
C
ou

nt
in
g;

E
C
-d

=
E
le
va

to
r
C
ou

nt
in
g
w
it
h

di
st
ra
ct
io
n;

E
C
-r

=
E
le
va

to
r
C
ou

nt
in
g
w
it
h
re
ve
rs
al

su
bt
es

ts
;
TS

=
Te

le
ph

on
e
S
ea

rc
h;

R
B
M
T
=

R
iv
er
m
ea

d
B
eh

av
io
ra
l
M
em

or
y
Te

st
–
Im

m
ed

ia
te

R
ec

al
l
(R
I)
an

d
D
el
ay

ed
R
ec

al
l
(R
D
);
D
is
t
=

D
is
tr
ac

ti
bi
lit
y

Q
ue

st
io
nn

ai
re
;
P
S
Q
=
P
er
ce

iv
ed

S
tr
es

s
Q
ue

st
io
nn

ai
re
;
C
-S

O
S
I=

C
al
ga

ry
S
ym

pt
om

s
of

S
om

at
ic

S
tr
es

s;
D
L
=
D
ic
ho

ti
c
Li
st
en

in
g;

R
LA

=
R
an

ch
o
Lo

s
A
m
ig
os

S
ca

le
;
P
B
C
=
P
ro
bl
em

B
eh

av
io
r
C
he

ck
lis

t
A
da

pt
ed

Fr
om

th
e
A
gi
ta
te
d
B
eh

av
io
r
S
ca

le
;
C
P
G

=
C
er
eb

ra
l
P
al
sy

G
ro
up

;
E
E
G

=
E
le
tr
oe

nc
ep

ha
lo
gr
am

.

�2020 Hogrefe Publishing European Psychologist (2022), 27(1), 20–40

J. O. Pinto et al., Sensory Stimulation in ABI 29

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
21

 -
 M

on
da

y,
 M

ar
ch

 2
7,

 2
02

3 
1:

49
:1

2 
A

M
 -

 I
P 

A
dd

re
ss

:1
93

.1
36

.5
6.

11
3 



included, two directed to touch and proprioception (studies
#18 and 19), one for vision and touch (study #22), and other
for vision and hearing (study #23).

The frequency of stimulation ranged between twice-a-
week to twice-a-day. This information was not provided
in seven studies (#2, 7, 17, 20, 21, 22, 23).

The average duration of sessions was 41.75 min (SD =
16.09). Three studies did not provide this information
(studies #2, 10, 17) and three studies reported an interval
of duration (studies #16, 18, 19).

The intervention length ranged between 2 days (study
#22) and 13 weeks. One study (#12) reported the interven-
tion length in hours (M = 15.17 ± 1.1). This information was
not provided in seven studies (#1, 7, 15, 17, 20, 21, 23).

The intervention programs ranged between 1 session
(studies #7, 23) and 30 sessions (studies #8, 19). The num-
ber of sessions was not considered in seven studies (#3, 4,
5, 6, 11, 13, 14).

Intervention Method and Outcomes

In regard to visual stimulation, study #1 comprised restora-
tion and compensation methods and occupational therapy.
Compensation methods were used in six studies (#3, 5, 6, 7,
8, 11), virtual reality was used for compensation purposes in
three (studies #6, 7, 11), four of them aimed to treat hem-
ineglect by using top-down (studies #6, 7, 8) or bottom-up
and top-down approaches combined (study #11).

Restoration method was employed in one study (#4).
Substitution method was used in one study (#9) and

other compared the results of substitution method with
those of compensation method in the treatment of hemine-
glect (study #10). In accordance to Marshall (2009), these
approaches can be classified as bottom-up.

Five studies applied sensory and cognitive stimulation
(#2, 12, 13, 20, 21); substitution methods were also used
in two studies (#2, 12).

Concerning restoration, Mödden and collaborators
(2012) showed different colored targets at different posi-
tions from the visual field limit without ocular movement.
Bergsma and colleagues (2014) used a computerized pro-
gram for visual restoration.

For compensation Mödden and collaborators (2012) used
the exploration task from the Rehacom (HASOMED
GmbH, Magdeburg, Germany), where patients were
instructed to follow a moving ring and to identify a tar-
get-stimulus by pressing a key. The compensation of the
visual field in the study by Nelles and colleagues (2001)
was performed by using a square with red lights and both
sides inward oriented. Head movements were not allowed.
In the A condition patients had to stare to a point in the
middle of the square; in condition B they had to perform

exploratory eye movements in order to identify target-sti-
muli. Nelles et al. (2010) focused only on task B. The con-
dition B led to an improvement in the detection of stimulus
in the left and right hemianopia (p = .02; p = .003) and
shorter reaction time in the hemianopic visual field (p =
.02), kept in the 8 months follow-up assessment (Nelles
et al., 2001) in stroke patients. In addition, it was reflected
in the activation of the extra-striate cortex in the contrale-
sion hemisphere (p < .001), which was maintained after
training and 1 month follow-up (Nelles et al., 2010).

Compensation and restoration methods showed positive
outcomes in hemianopia and visual field enlargement (p =
.013 and p = .003, respectively), visual exploration (p =
.003 and p = .005) and in attention (p = .001 and p =
.033). Only the compensation method resulted in improve-
ments in reading performance (p = .016) and visual con-
junction search (p = .001), being considered the
treatment of choice for the neglect (Mödden et al., 2012).
Bergsma and colleagues (2014) also showed the efficacy
of visual restoration in visual field enlargement (p < .005).

Virtual reality was employed: (1) to simulate a crossroad
environment (Katz et al., 2005); (2) to present an visual
identification task where objects flash from right to left at
a distance and a touch task at close range with a virtual
hand (Yasuda et al., 2017); (3) to use a robot arm in direc-
tion of target-stimuli creating haptic sensation (Dvorkin
et al., 2013); (4) to multisensory stimulation using program
RehAtt (Brain Stimulation AB, Holmsund, Sweden). RehAtt
contemplated three tasks: (a) mental rotation, requiring
moving figures from left to right side; (b) visual motor
exploration, by allocating 3D cubes in three directions; (c)
visual spatial and search task, aiming to move or fix moving
targets with increasing speed (Fordell et al., 2016).

Participation in visual scanning training resulted in signif-
icant improvements in hemineglect, assessed with Mesu-
lam Cancellation (Mesulam, 1985) (p < .01) and less time
spent at the second assessment moment, but the percent-
age of improvements in time to complete the test was
two times higher in the virtual reality group in comparison
to the control group who received conventional visual scan-
ning training. There were significant improvements in the
activities of daily living in both groups (p < .05), but in
the virtual reality group the numbers of times participants
looked to the left was higher (p < .05) and accidents were
fewer (p < .035) than in the control group, in the virtual
reality environment. Moderate correlations were found
between the decision time for real street crossing in the
post-intervention and the activities of daily living, (r =
�.49, p < .05) (Katz et al., 2005).

The second training led to improvements in the post-
intervention assessment of hemineglect with Behavioural
Inattention Test (Wilson et al., 1987) (p = .002) and respec-
tive subtests (all p < .003) (Yasuda et al., 2017).
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In the second session with robot-rendered haptic stimula-
tion, TBI participants took less pauses (p < .001), showed
shorter reaction time (p = .007) and acquired more targets
(p < .0001), compared to the first session (Dvorkin et al.,
2013).

RehATT – scanning training for stroke patients with hem-
ineglect resulted in significant post-intervention improve-
ments in the Star cancelation test (Wilson & Halligan,
1987) (p = .006), Baking Tray Task (Tham, 1996) (p <
.001), and Extinction test (Geeraerts et al., 2010) (p =
.05). Post-intervention improvements were also found in
the Catherine Bergego Scale (Bergego et al., 1995), both
in self-report (p = .002) and observer assessment (p =
.01), which were maintained in a 6-month follow-up assess-
ment (p = .21) (Fordell et al., 2016).

The visuospatial training, also known as feedback based
perceptive training, included tasks such as digits detection,
drawings copy, reading and copying phrases, and image
description (Piccardi et al., 2006; van Kessel et al., 2013).
Hemineglect stroke patients received Visuospatial Scanning
training for 3 days a week and combined treatment
(Visuospatial Scanning training and lane tracking drive sim-
ulator) for 2 days a week during 3 weeks. Then, experimen-
tal condition received Visuospatial Scanning training and
dual task and control condition continued with combined
treatment for 3 weeks. Dual task consisted of a computer-
ized visual reaction time task using virtual reality where
the participants had to maintain their driving position while
performing visuospatial scanning task. Participants in both
groups had improvements between before and after train-
ing assessments in: Line cancelation (Albert, 1973) (p <
.01); Letter cancelation (Diller & Weinberg, 1977), extraper-
sonal neglect (Zoccolotti et al., 1992) (all p < .001); personal
neglect (Zoccolotti et al., 1992), subjective neglect (Towle &
Lincoln, 1991), Bells test (Gauthier et al., 1989), Reading (all
p < .005); Gray scales index (Tant et al., 2002) (p < .05). In
addition both groups had improvements in lateral position
in line tracking and in dual task – single detection task
and lane tracking (all p < .05); omissions (p = .057) in the
single detection task; reaction time to the left (p < .05) in
single detection task; reaction time for middle (p < .05)
and right stimuli (p = .058) on the previous mentioned dual
task (van Kessel et al., 2013). Piccardi and collaborators
(2006) also showed improvements in visuospatial explo-
ration (Line cancelation, Letter cancelation, Bells test,
Reading test) after Visuospatial training (p < .001), as well
as increased functionality (semi-structured scale for the
functional neglect assessment; Zoccolotti & Judica, 1991)
(p < .011). The intervention had no effect on attention per-
formance of stroke patients with hemineglect and attention
disorders.

The adaptation of the prismatic googles is a substitution
method in which the participants are placed in front of a

semicircular desk and asked to point to three targets for
improving hemineglect. In the study by Mizuno and col-
leagues (2011) the task was repeated with prismatic googles
displacing the visual field 12� to the right. Brink, Visser-
Meily, Schut, et al. (2017) used the same method to displace
the visual field 10� to the right. The treatment of hemine-
glect also comprised psychoeducation and visual search
tasks such as reading. Hemineglect patients who partici-
pated in this therapy obtained better results in the Func-
tional Independence Measure (Uniform Data System for
Medical Rehabilitation, NY, USA) between the post-inter-
vention and follow-up, compared to controls who received
the same treatment with neutral plastic glasses (p < .05).
Specifically, the experimental group obtained higher scores
in the Functional Independence Measure in the post-inter-
vention (p < .05) and follow-up (p < .01), compared to the
control group, as well as higher results in Behavioural Inat-
tention Test – conventional test (Wilson et al., 1987) (p <
.05) (Mizuno et al., 2011). Prismatic googles and sham
adaptation with plain lenses also led to improvements in
performance over time in the Catherine Bergego Scale,
Mobility Assessment Course (Brink, Visser-Meily, & Nij-
boer, 2017), and static shape cancelation task (p < .001).
However, the prismatic googles adaptation did not show
greater effect than the simulated adaptation (Brink, Vis-
ser-Meily, Schut, et al., 2017).

Funk and colleagues (2013) implemented a perceptive
training based on feedback through a computerized visual
discrimination task concerning line orientation with stroke
patients. In this task two oblique lines were presented and
then rotated until the participants considered that they
had the same orientation. A monocular training program
based in the same task was also implemented, with the par-
ticipants wearing an eye-patch to test if there was transfer
of training from one eye to the other. This training had
effects on constant errors and uncertainty intervals (both
p < .001) in post-training compared to baseline, and the
effects for 45º and 135º orientations were maintained at fol-
low-up (p > .40). Furthermore, a decrease in the number of
errors in the post-training compared with baselines were
found in the Judgment of Line Orientation Test (Benton
et al., 1983) and clock reading, as well as smaller deviations
in a horizontal line and increase in the number of correct
items in Marck-Levine test (Mack & Levine, 1981) (all p <
.01) (Funk et al., 2013).

A platform named Guttman-NeuroPersonalTrainer
(BrainHealth Solutions SL, Badalona, Spain), was used for
the cognitive training of attention, memory, and executive
functioning. The cognitive training was applied as usual,
and with right eye-patching for visuospatial neglect. This
training led to improvements in the Line bisection task
(Schenkenberg et al., 1980) (p = .039), and combined with
right hemifield eye-patching resulted in improvements both
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in the Line bisection task and in the Bells test (all p = .043).
In the pre- and post-intervention comparison between
stroke groups, patients who received the combined treat-
ment had better performance in the Reading Task (p =
.048), than patients only received cognitive training (Apari-
cio-Lopez et al., 2015).

The Cawthorne-Cooksey exercises (Cooksey, 1946) were
used by Dai and colleagues (2013) to vestibular rehabilita-
tion of stroke patients with hemineglect. These exercises
encompass several steps: (a) to move the head up and down
and to both sides with eyes open; (b) same as previous with
eyes shut; (c) same as previous while looking at a moving
target. It was observed an interaction between the group
(experimental, control) and results at the 2nd and 4th
weeks of intervention of the Behavioural Inattention Test
– conventional test (p = .011; p = .009), Functional Indepen-
dence Measure (p = .011; p = .011) and Postural Assessment
Scale for Stroke patients (Benaim et al., 1999) (p = .001; p =
.003) (Dai et al., 2013).

A somatosensory discrimination method was used in four
studies (#15, 16, 17, 18, 19) and a bottom-up approach for
the stimulation of proprioception was used in one study
(#17).

The discriminative training used touch and involved the
exploration and the discrimination of an unusual texture
among other textures (Carey et al., 1993, 2016). A proprio-
ceptive discriminative training as also applied, requiring
participants to identify the perceived position of the fist in
several predefined angles (Carey et al., 1993). After these
training, stroke patients with impairment in proprioception
and/or tactile discrimination revealed improvements in the
affected hand (p = .003), resulting in comparable perfor-
mance to the normal hand (Carey et al., 1993; Carey &
Matyas, 2005).

Carey and Matyas (2005) followed the procedure of
Carey and collaborators (1993) with texture grids, but other
materials like glass, paper, leather, rubber and superficies
with different degrees of roughness were used in order to
favor stimuli generalization. Participants who performed
this training revealed transference of the results to
untrained related stimulus within the same modality (Carey
& Matyas, 2005).

Besides the texture and limb position, the tactile recogni-
tion of objects focused on shape, size, weight, hardness and
temperature were other tasks included in somatosensory
discrimination training (Carey et al., 2011). The non-specific
repeated exposure to sensory stimulus with diversified
characteristics was performed through grasping of common
objects and passive movements of the upper limb (Carey
et al., 2011). After this training, stroke patients with
impaired texture discrimination, limb position sense, and/
or tactile object recognition obtained better results in sen-
sory discrimination, compared to those who received

repeated exposure to sensory stimulus (p = .004). The
improvements were maintained 6 weeks and 6 months
after the intervention (Carey et al., 2011).

The proprioceptive stimulation was also performed
through a choice-reaction-time task. This task involved digit
discrimination, and pressing a button with two different fin-
gers in the case of even or odd numbers. This task was also
performed with the vibration of the left extensor radialis
muscle during the presentation of stimulus to study its
effects on cognitive processes. TBI patients presented a
higher number of correct detections of non-masked stimu-
lus (p = .001) and in the vibration condition (p = .001).
Compared to the healthy control group, they presented a
lower hit rate of targets (p < .01) and longer reaction time
(p < .0001). The experimental group showed shorter reac-
tion times to target stimuli in the vibration condition, com-
pared to the condition without vibration (p = .01). The
latency of the P300, a brain potential evoked by vibratory
stimuli, in this case, was higher in the experimental group
in the condition without vibration (p = .01), compared to
the controls. The experimental group showed normal per-
formance on the Wechsler Adult Intelligence Scale –

Revised (Wechsler, 1981), Recurring Figures Test (Rixecker
& Hartje, 1980), Auditory Verbal Learning Test (Rey, 1958)
and d2 (Brickenkamp & Zillmer, 1998), despite moderate
cognitive slowness and impairment on executive functions
(Müller et al., 2002).

The olfactory stimulation was performed through modi-
fied oxygen masks, which delivered peppermint fragrance
in the experimental condition and unscented air in the con-
trol condition. This stimulation was provided during an
attention task, in which pairs of lines with different dis-
tances from a central dot should be detected (Sullivan
et al., 1998). Brain injury participants presented a detection
rate similar than revealed by the healthy control group, but
obtained a higher false alarm percentage in the unscented
air condition (Sullivan et al., 1998).

The selective attention tasks (simple target detection and
palindromes detection) of the Attention Process Training
Program (Sohlberg & Mateer, 1987) were modified by
manipulating background noise to improve selective atten-
tion using auditory stimuli, with an increase of decibel level
along training. For the adaptive condition, the progression
of noise was based on cognitive performance and in non-
adaptive condition, participants did not adjust to the
increasing noise, but were exposed to each noise level for
the same period as the previous condition (Dundon et al.,
2015). In the TBI group (adaptive and non-adaptive train-
ing) had positive effects on a dichotic listening task (p =
.003), while in a healthy control group performance did
not change over time (p = .34). Considering post-interven-
tion assessment, in the Elevator Counting (Robertson
et al., 1994) the control group obtained better results than
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the adaptive group (p = .000) and non-adaptive group (p =
.036). The experimental group presented better results in
post-intervention in the Elevator Counting with distraction
and with reversal (p = .002 and p = .059), Telephone Search
(Robertson et al., 1994) (p = .009), Rivermead Behavioral
Memory Test – immediate and delayed recall (Wall et al.,
1994) (p = .002 and p = .000), compared to the pre-inter-
vention assessment. The performance in the post-training
dichotic listening task correlated with the results obtained
in the Perceived Stress Questionnaire (Cohen et al., 1983)
(R2 = .50, p = .002), distractibility questionnaire (R2 = .32,
p = .018) and with Calgary symptoms of somatic stress
(Carlson & Thomas, 2007) (R2 = .28, p = .030) in pre-train-
ing. The amplitude of P3b, a subcomponent of the P300,
increased from the pre- to post-intervention assessment in
the adaptive group (p = .007) and non-adaptive group (p
= .041) in response to infrequent targets in an oddball para-
digm. The same did not happen in the control group (p =
.598) (Dundon et al., 2015).

Snoezelenmultisensory stimulation was used in one study
(#23). The intervention comprised auditory and visual stim-
ulation with colored bubble tubes, optic fiber bundles, rotat-
ing mirror ball, projector display, and sounds of nature
(Gómez et al., 2016). Participation in one Snoezelen session
led to a decrease in the median frequency (frequency that
comprises 50% of the power spectral density) recorded
by Encephalography (p = .04) in central and right temporal
electrodes, suggesting deceleration of oscillatory activity
(Gómez et al., 2016).

Assessment Procedures

Most studies (n = 10) followed a pre-and post-intervention
design (studies #1, 4, 6, 7, 8, 12, 13, 16, 21, 23). Five studies
conducted pre/post-intervention and follow-up assess-
ments (studies #2, 3, 5, 9, 11). The assessment was per-
formed only during the intervention in two studies (#17,
22) while in other two, it was conducted an assessment pre-
viously to the intervention, during the intervention, and at
follow-up (n = 2; studies #18, 19). Other studies encom-
passed the following assessment moments: pre- interven-
tion and during the intervention (n = 1; study #20); pre-
intervention, during the intervention and post-intervention
(n = 1; study #14); pre-intervention, during the intervention
and at follow-up (n = 1; study #15); pre-intervention and
during the intervention (n =1; study #10).

The follow-up assessment was conducted from 4 weeks
(study #5) up to 8 months (study #3) after the end of the
intervention.

In the studies included in this review, sensory stimulation
programs focus on different sensory modalities and cogni-
tive functions. Hence, the authors considered different out-
come variables.

Attention was considered in six studies and evaluated
through the: Test Battery of Attentional Performance (Zim-
mermann & Fimm, 2002) (study #1); reaction time
between stimulus presentation and response (study #3);
Computerized Screening Battery of Attentional Disorders
(Zimmermann & Fimm, 1995) (studies #13, 17); d2 (study
#17); percentage of correct detections and false alarm
(study #20); Test of Everyday Attention (Robertson et al.,
1994) (study #21); and dichotic listening (study #21).

Five studies considered the dysfunction and severity of
ABI, using the National Institutes of Health Stroke Scale
(Brott et al., 1989) (studies #11, 15, 16), the Stroke Impair-
ment Assessment Set (Chino et al., 1996) (study #9), and
the Glasgow Coma Scale (Teasdale & Jennett, 1974) (study
#20).

Four studies presented an evaluation of the global cogni-
tive functioning through the Mini Mental State Examination
(Folstein et al., 1975) (studies #9, 10, 11) and the Rancho
Los Amigos scale (Hagen et al., 1979) (study #22).

One study tested the premorbid intelligence quotient
with Wechsler Adult Intelligence Scale – Revised (study
#17). Memory was assessed through the Recurring Figures
Test (study #17), Auditory Verbal Learning Test (study
#17), and Rivermead Behavioral Memory Test (study #21).

Visuoconstructive and perceptive abilities were consid-
ered in study #2. Visual orientation was assessed with the
computerized visual-spatial perception program (Kerkhoff
& Marquardt, 1995), the visuospatial ability with the Judg-
ment of Line Orientation Test, the visuoconstruction with
the Mack-Levine test, the visuoperception with the analog
clock reading task, and the spatial contrast sensitivity with
the Cambridge Low Contrast Gratings (Wilkins et al.,
1988) (study #2).

Hemineglect was a widely considered variable (studies
#1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13, 14). The instrument that
gathered more consensus to assess this condition was the
Behavioural Inattention Test. This test or some of its scales
were used in nine studies (#1, 6, 7, 8, 9, 10, 12, 13, 14).
Three studies used Bells test (studies #8, 12, 13), two studies
used Baking Tray Task (studies #8, 12). Two studies used
assessment protocols adjusted to certain task (studies #6
and 8). Specifically, study #6 considered the individuals’
performance when crossing streets both in virtual reality
environment and in the real streets. In study #8 the perfor-
mance was assessed in a driver simulator. One study used
the Virtual Reality – DiSTRO (Brain Stimulation AB, Holm-
sund, Sweden) (study #11), a hemineglect assessment bat-
tery in virtual reality. Other studies used were the
Mesulam Symbol Cancellation test (study #6), Gray scales
(study #8). Hemineglect was also assessed through: dis-
crimination tasks on large visual displays (study #2);
response to visual stimulus (study #3); shape cancelation
(study #10); Figure Copying of Ogden (Ogden, 1985) (study
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#12); detection of targets on a dynamic task with Mobility
Assessment Course (study #10). Finally, in study #8, the
extrapersonal and personal neglect were assessed through
a semi-structured scale and a subjective neglect
questionnaire.

Reading was considered in five studies aimed at stimulat-
ing vision (studies #1, 2, 8, 12, 13), and considered a mea-
sure of hemineglect in three studies (#8, 12, 13). It was
assessed through reading task (studies #2, 8, 12), subtests
of the Wechsler Memory Test – Revised (Wechsler,
2004) (study #1), and reading of words and non-words task
(study #13).

One study assessed the spatial dysgraphia through hori-
zontal writing task (study #2).

The assessment of the visual field was considered in
three studies, which administered the: Tubinger automatic
perimeter (study #3); Dynamic Goldmann perimetry (study
#4); and an automatic computerized system (study #5).

One study evaluated smell through the anosmia screen-
ing test (International Flavors and Fragrances Corporation,
New York, United States of America) (study #20).

The somatosensory deficits were considered in four stud-
ies (#15, 16, 18, 19). For touch and texture discrimination or
tactile recognition, the following assessment instruments
were used: the Tactile Discrimination Test (Carey et al.,
1997) (studies #15, 16, 18, 19); theWeinstein Enhanced Sen-
sory Test (Weinstein, 1996) (studies #15, 16); the Fabric
Matching Test (Carey, 1995) (studies #15, 19); the func-
tional Tactile Object Recognition Test (Carey, 2006) (stud-
ies #15, 16); and the Grid Matching Test (Carey, 1995)
(study #19). The Roylan hot and cold discrimination kit
(studies #15, 16) was used for the temperature discrimina-
tion. Proprioception was assessed through the Wrist Posi-
tion Sense Test (Carey et al., 1996) (studies #15, 16, 19),
the Finger Position Sense (Carey, 1995) (study #15) and
the Proprioceptive Discrimination Test (Carey et al.,
1993) (study #18).

One study directed to the proprioceptive stimulation
used a task-adjusted evaluation protocol, which included
the reaction time to targets, the percentage of correctly
detected targets, hits, misses, and false alarms (study
#17). A task-adjusted evaluation protocol was also used in
study #22, which considered spatial and temporal kinematic
parameters of the hand movement (total trial time, hand
path, velocity and distance from the target, duration of
pauses, and number of targets acquired).

The analysis of brain structure and functioning was con-
sidered in seven studies (#4, 5, 13, 15, 16, 17, 21, 23). It was
assessed through functional Magnetic Resonance Imaging
(studies #4, 5, 16); Magnetic Resonance Imaging and Com-
puterised Axial Tomography (studies #13, 15); and Event-
related Potentials (studies #17, 21); and Eletroencephalogra-
phy (study #23).

Independence in activities of daily living was considered
in eight studies (#1, 4, 6, 9, 10, 11, 14, 15). It was assessed
with the: conventional or extended Barthel Index (Mahoney
& Barthel, 1965) (studies #1, 10, 11, 15); Functional Inde-
pendence Measure (studies #6, 9, 14); Activities of Daily
Living checklist (study #6); Functional Ambulation Cate-
gories (Holden et al., 1984) (study #10); Goal Attainment
Scaling (Kiresuk & Sherman, 1968) (study #4). The impact
of the hemineglect on activities of daily living was assessed
with the Catherine Bergego Scale (studies #9, 10, 11, 12).
Unspecified instruments were used in two studies (#4, 13).

Other variable assessed were handedness – Annett Ques-
tionnaire (Annett, 1970) (study #15).

Discussion

ABI can lead to sensory and cognitive deficits, impaired
ability to explore the environment and, consequently, the
lower functionality in activities of daily living. Despite the
recognized impact of sensory deficits, the literature has
focused on motor rehabilitation in stroke and sensory stim-
ulation in altered states of consciousness in TBI. The sen-
sory stimulation in stroke and mild to moderate TBI has
deserved low interest of the literature. Therefore, the rela-
tionship between dose-response to sensory stimulation and
clinical predictors need to be studied to adjust neuroreha-
bilitation programs in ABI (Sullivan & Hedman, 2008).

The main objective of this review was to produce knowl-
edge on the methodological characteristics of sensory stim-
ulation programs in ABI and its results.

For the reasons described above, we did this review with
the purpose of answering the following questions about the
characteristics of the intervention: (RQ1) how long after the
injury the sensory stimulation usually is initiated?; (RQ2)
what are the most frequently used methods and what
senses are stimulated?; (RQ3) what is the frequency, dura-
tion and average number of sessions and length of sensory
stimulation programs?

Regarding the intervention results, we intend to answer
the following questions: (RQ4) which assessment instru-
ments are frequently used to evaluate the efficacy of sen-
sory stimulation?; (RQ5) what are the immediate and
long-term outcomes?; and (RQ6) are the outcomes of the
stimulation programs generalized to cognitive functioning
or activities of daily living?

Thus, a systematic review of literature was conducted in
accordance with the principles of PRISMA (Moher et al.,
2009; Shamseer et al., 2015) and Cochrane Collaboration’s
recommendations (Higgins & Green, 2011).

Concerning the methodological quality of the revised
studies, less than half of them were included in Class I. This
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means that most of the studies have methodological limita-
tions and reported findings do not provide robust evidence.

Regarding the sample characteristics, there was a higher
prevalence of stroke patients and males.

Answering RQ1, sensory stimulation was initiated within
12 months after the injury in most studies.

Considering the most frequently used methods and stim-
ulated senses (RQ2), we found that sensory stimulation pro-
grams were mostly unisensory and the most frequently
stimulated sense was vision. No program included taste
stimulation. The most frequently used method in vision
stimulation was compensation, with computerized tasks
(Bergsma et al., 2014; Mödden et al., 2012) and boards
for stimuli detection (Nelles et al., 2001, 2010). In visual
substitution the most used method was the prismatic lens
adaptation (Brink, Visser-Meily, Schut, et al., 2017; Mizuno
et al., 2011). The hemineglect treatment was accomplished
mainly with top-down approaches, and using virtual reality
(Fordell et al., 2016; Katz et al., 2005; Yasuda et al., 2017).
Sensory and cognitive stimulation were applied in a small
number of studies, which used computerized tasks, among
others (Aparicio-Lopez et al., 2015; Funk et al., 2013) and a
program based on Attention Process Training (Dundon
et al., 2015). Regarding somatosensory stimulation, the
most frequently used methods were texture discrimination
training and proprioceptive discrimination training (Carey
& Matyas, 2005; Carey et al., 1993, 2011, 2016).

Concerning RQ3, studies are not consensual about the
frequency, duration, number of sessions and length of sen-
sory stimulation programs, and not all reported this infor-
mation. Most frequent data were: stimulation frequency
of three times a week; session duration of 30min; interven-
tion duration of 4 weeks; intervention length between 10
and 15 sessions.

In the majority of the studies, a pre- and post-interven-
tion assessment design was applied. However, follow-up
assessments were conducted in less than half of the studies.

With regard to assessment instruments (RQ4), we con-
cluded that they were diversified, because of many vari-
ables considered. Hemineglect was the most widely
considered variable and the most used instrument was
Behavioural Inattention Test. The cognitive domain most
assessed in pre- and post-intervention moments was atten-
tion, but all studies used different assessment instruments.
In visual function assessment, sophisticated instruments
were used that required specialized technical knowledge.
In the assessment of somatosensory deficits, the most fre-
quent instruments were the Tactile Discrimination Test
and Wrist Position Sense Test. The ABI severity assessment
was reported in a small number of studies, in spite of being
considered central to neurorehabilitation program planning
(Ślusarz et al., 2015). Assessments of general cognitive func-
tion, memory, and executive functions were performed in a

small number of studies, mostly with the purpose of sample
characterization. The structure and brain functioning were
analyzed only in one third of the studies, using several tech-
niques: magnetic resonance imaging; functional magnetic
resonance imaging; computerized axial tomography; and
event-related potentials. The use of different instruments
and assessment protocols depending on the intervention
programs prevents the comparison of their efficacy.

The included studies focused their assessment in the sen-
sory modality targeted by the intervention. However,
notions that sensory processing in the brain is unimodal
and activity of a sensory system has little influence on others
have been contradicted (Baier et al., 2006). For example,
when auditory and visual stimuli are randomly combined,
the sensory system relevant to the ongoing task is activated
and the other is suppressed (Baier et al., 2006) showing an
interaction between sensory modalities. However, when
there is an association between auditory and visual informa-
tion, both systems are activated. According to Theeuwes and
collaborators (2007), we have different resources for percep-
tion, one for vision and other for auditory, but at a cognitive
level, particularly in working memory, there is no separation.
Thus, we considered important to include a battery of cogni-
tive tests in the evaluation of programs efficacy.

Neuropsychology shows a growing concern regarding the
development of assessment instruments and rehabilitation
programs with ecological validity. This can be defined as
the relationship between cognitive performance in neu-
ropsychological assessment and behavior in activities of
daily living (Spooner & Pachana, 2006). Ecological validity
may be enhanced through the inclusion of functionality
measures in real life environments. Few of the considered
studies used instruments as the Test of Everyday Attention
and the Catherine Bergego Scale, which enable to under-
stand the impact of the interventions on participants’ ability
to perform daily tasks. In this context, virtual reality is a
methodology with potential to approximate the programs
to the real contexts, hence allowing to reproduce the activ-
ities of daily living functioning (Parsons, 2015). Virtual real-
ity can be useful in assessment and intervention, since it
allows the accuracy of laboratory measures, through con-
trolled and precise presentation of stimuli, with content
similar to real life (Abbate et al., 2014; Parsons, 2015).

Affective disorders are common in ABI (Hackett et al.,
2005; van Reekum et al., 2000), but none of the studies
included measures of such disorders, even if multisensory
stimulation has demonstrated a positive effect on depres-
sion and anxiety (Ozdemir & Akdemir, 2009).

Quality of life assessment is also used as an indicator of
rehabilitation efficacy (Neznanov & Petrova, 2002). Again,
none of the studies assessed this parameter.

Regarding the outcomes of the intervention programs
(RQ5), Class I studies showed evidence of immediate
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improvement of vision (hemianopia) with compensation
method (Mödden et al., 2012), hemineglect using vestibular
intervention – Cawthorne-Cooksey exercises (Dai et al., 2013),
cognitive functioning using proprioceptive stimulation –

muscle vibration (Müller et al., 2002), sustained attention
using olfactory stimulation (Sullivan et al., 1998) and an
adapted version of Attention Process Training Program
(Dundon et al., 2015). Immediate and long-term improve-
ments were found on somatosensory discrimination using
this intervention (Carey et al., 2011) and hemineglect using
Guttman-NeuroPersonalTrainer with and without eye-
patching (Aparicio-Lopez et al., 2015). Only one study of
Class III used a stimulus-generalization training. However,
studies of Class I showed generalization (RQ6) of compen-
sation method effects to reading task (Mödden et al., 2012),
prism adaptation therapy to functionality (Mizuno et al.,
2011), Prismatic googles and sham adaptation with plain
lenses to activities of daily living (Brink, Visser-Meily, Schut,
et al., 2017), Cawthorne-Cooksey exercises to functionality
(Dai et al., 2013), selective attention training with auditory
stimulation to immediate and delayed recall (Dundon et al.,
2015).

The studies of efficacy of prismatic lens in the subacute
period of stroke showed contradictory results. Mizuno and
collaborators (2011) showed an improvement, with mainte-
nance of results in follow-up, while Brink and collaborators
(Brink, Visser-Meily, Schut, et al., 2017) found that pris-
matic lens adaptation had not greater effect than simulated
adaptation.

The studies included in this review have several limita-
tions, such as: (a) small samples in half of the studies (less
than 30 participants); (b) lack of a control group in 9 stud-
ies; (c) lack of randomization procedures in 12 studies; (d)
lack of follow-up to examine the maintenance of the results
in 15 studies; (e) small number of intervention sessions; (f)
implementation of conventional rehabilitation simultane-
ously to the intervention being studied, producing con-
founding effects.

This literature review also has limitations. Only papers in
English language and published after 1990 were included.
Anyhow, it is worth mentioning that most of the studies that
met the criteria had been published in the after 1990.

From this review, future studies on sensory stimulation in
ABI should considered: (a) better sample characterization,
for example, regarding educational level, ABI severity, bio-
logical variables as handedness, and pharmacological treat-
ment; (b) performing cognitive assessment pre- and post-
intervention; (c) using of an expanded assessment battery
of sensory functioning, not only directed to the target sen-
sory modality, due to interactions between sensory modal-
ities; (d) measures of functionality, quality of life, affective
disorders and emotional well-being, to enhance the ecolog-
ical validity of the protocols; (e) performing follow-up

assessments, to provide information about the maintenance
of intervention outcomes; (f) inclusion of active and passive
control groups; (g) whenever the intervention programs
begin in the first months after the injury control groups
are paramount to dissociate the spontaneous recovery from
the effects of the rehabilitation programs; (h) using struc-
tural and functional brain measures to provide neurobiolog-
ical evidence of intervention efficacy.

Considering the findings and shortcomings mentioned
above, this review suggests that sensory stimulation has
positive outcomes in ABI, including at cognitive and affec-
tive levels, with potential benefits to patients functionality
in activities of daily living, but future studies may consider
methodologies that provide stronger evidence, enhance the
generalization of outcomes, and allow comparative analysis
between studies. The recommendations presented here are
important to achieve these goals.
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