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Abstract
Tissue injuries that affect the skin and/or adjacent tissues and are usually over a bony prominence are called pressure 
injuries. The prevalence of these dysfunctions remains high, and despite technological advances, there is no consensus on 
the most appropriate treatment. The objective of this review was to evaluate the efficacy of photobiomodulation (PBM), 
ultrasound, and high-frequency electrophysical agents in the healing of pressure injuries in adults and the elderly. The 
search was conducted in the PubMed, Embase, Cochrane Library, Web of Science, and PEDro databases; in clinical 
trial records, a list of references of the selected articles, as well as through manual search (Google), of the last 5 years in 
humans in English and Portuguese. Nine thousand and sixty-seven studies were identified, 13 pre-selected, and 6 were 
included in this systematic review. PBM showed similar efficacy to other technologies indicated in other studies in heal-
ing pressure injuries. PBM with red wavelength (660 nm) in stages 2 and 3 pressure injuries effectively promoted healing 
compared to standard care. It was observed that the use of PBM accelerates tissue repair in pressure injuries; therapeutic 
ultrasound showed similar efficacy to other electrophysical agents but was effective in reducing the area of pressure 
injuries when comparing pre- and post-intervention. No clinical studies using the high-frequency electrophysical agent 
have been described in the last 5 years.
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Introduction

Previously known as pressure ulcers, decubitus injuries, or 
bedsores, tissue injuries that affect the skin and/or adjacent 
tissues and are usually over a bony prominence are called 
pressure ulcers [1]. A retrospective study conducted accord-
ing to hospital databases in the USA and Canada showed 
that 7.2% of adult patients developed pressure injuries [2]. 
In Brazil, the rate of pressure injuries in hospitalized patients 
is 16.9% [3].

These data show that, although advances have been made 
in the prevention and treatment of pressure injuries (PI), 
there is still a significant number of people affected by this 
dysfunction. There is a need for standardization and more 
research on available treatments.

The available treatments aim to stimulate tissue repair, 
reestablish, and restore the normality of the tissues. For 
this objective, some conducts can be used to assist this pro-
cess, such as the use of electrophysical agents. Currently, 
the electrophysical agents most discussed in the literature 
are ultrasound, photobiomodulation, and electrostimulation 
[4–6]. The use of physical therapy resources capable of trig-
gering beneficial effects has been justified because they are 
considered adjuvants in regeneration, promoting healing in 
the shortest possible time, with minimal pain, discomfort, 
and scarring, in a physiological environment conducive to 
tissue repair and regeneration [7].

Machado et al. [8] described photobiomodulation (PBM) 
as an amplified light of low radiation power capable of pro-
moting biochemical, bioelectrical, and bioenergetic effects 
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that act at the cellular level by promoting increased metab-
olism and thus the proliferation, maturation, and locomo-
tion of fibroblasts and lymphocytes, intensifying fibrin 
resorption, increasing the amount of granulation tissue, and 
decreasing the release of inflammatory mediators. A sys-
tematic review by Petz et al. [9] concludes that red-wave 
PBM (658 nm) showed efficacy in healing pressure injuries 
similar to other technologies indicated in other studies and 
can consider PBM a clinical choice for the treatment of pres-
sure injuries in adults and the elderly.

Another electrophysical agent widely used to accelerate 
healing is therapeutic ultrasound (US), which stimulates or 
inhibits biochemical and biophysical activities by deliver-
ing energy to the affected tissues, improving bioburden, and 
inhibiting the excessive inflammatory environment [7]. In 
addition to this function, the US can increase collagen syn-
thesis by stimulating fibroblasts in the proliferative phase, 
thereby increasing the tensile strength of tissue undergoing 
healing [10–12]. Research based on this information has 
revealed that US therapies improve soft tissue healing such 
as Cullum and Liu [13] describe the use of therapeutic US in 
venous ulcers. The authors conclude that low-frequency ultra-
sound is widely used in the literature, however, with studies of 
low methodological quality. A systematic review that aimed 
to determine whether the US produces beneficial outcomes 
in wound healing and which parameters should be used to 
provide better dose–response showed limited evidence of this 
resource for wound treatment. The scientific base could not 
clearly answer the dose–response relationship [14].

High frequency (HF) is an electrophysical agent that 
has been used for the treatment of pressure injuries. Such 
device operates with alternating current (high-voltage and 
low intensity) and glass electrodes that contain vacuum (rar-
efied air) or gas (neon, xenon, or argon) inside; concomitant 
to the formation of an electric field, it is argued that the 
HF generator is capable of producing physiological effects 
resulting from thermal effects produced by the current when 
crossing the body, generating local heat production, caus-
ing peripheral vasodilatation. The other physiological effect 
occurs due to the sparking produced by the current as it 
passes through the electrode, described as ozone. The use 
of ozone (O3) is essential because it eliminates pathogens 
and then releases oxygen, activates fibroplasia to elaborate 
intercellular matrix, the proliferation of keratinocytes, and 
consequently stimulates healing [13].

The mechanisms of action of electrophysical agent pho-
tobiomodulation and therapeutic ultrasound are described in 
the literature. However, we did not find studies that described 
its mechanism of action for high-frequency equipment. PBM 
and US both act in the regulation of Ca2 + channels. Fur-
thermore, the mechanism of action of red and near-infrared 
PBM has its main pathway through mitochondria, with the 
absorption of cytochrome C oxidase, generating ATP and 

NO release. In addition, the ultrastructural alteration thus 
activates pathways for the regulation of gene expression. 
The mechanism of action of ultrasound occurs through Inte-
grin via the FAK, which activates two pathways initiated by 
Pho and PI3K, which also activates the regulation of gene 
expression (Fig. 1) [15–19].

When it comes to healing chronic wounds, especially 
pressure injuries, the great challenge is establishing reliable 
guidelines for treating such pathology because there is still a 
large gap between what can be done and the best way to treat 
individuals who present such dysfunction. Thus, the objec-
tive of this systematic review was to describe the efficacy 
of the electrophysical agents most used by physical therapy 
and the parameters described in the literature to determine 
the best effectiveness in treating pressure injuries in adults 
and the elderly.

Methods

The systematic review is registered (PROSPERO) under 
CRD42020178792 and can be accessed at https:// www. crd. 
york. ac. uk/ prosp ero/ displ ay_ record. php? Recor dID= 178792

This systematic review was conducted according to the 
recommendations of the Cochrane manual proposed by 
Cochrane, and the PRISMA checklist was used for a better 
description of the study. The PICOT strategy was used to 
formulate the research question, which resulted in the fol-
lowing question: What is the efficacy of the electrophysical 
agent ultrasound, high frequency, and photobiomodulation 
for the healing of pressure injuries in adults and the elderly?

Inclusion criteria

Inclusion criteria were defined based on the question guiding 
the review: clinical trials, the search was conducted from 
2015 to May 2022, target population (humans, adults, and 
elderly with pressure injuries aged ≥ 20 years regardless of 
age, sex, and severity of pressure injuries, in any care set-
ting such as hospital, clinic, outpatient clinic, long-term care 
facility, or home care); interventions considered were pho-
tobiomodulation, ultrasound, and high frequency; the meth-
odological criterion was the description of parameters and 
the quality of the studies (PEDro scale), language (English 
and Portuguese). A third evaluator resolved disagreements 
that may have occurred.

Exclusion criteria

For duplicate or identical articles, only the first publication 
was included. Articles that were not replicable methodologi-
cal criteria or did not describe how to apply electrophysical 
agents were excluded.
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Search strategy

Studies were identified through an electronic search of 
PubMed, Embase, and Web of Science databases from 
04/08/2020 to 04/11/2020, and on 05/02/2020, a search 
of Lilacs and PEDro databases was conducted. Manual 
searches of studies from 04/20/2021 to 04/29/2021 were 
conducted and considered reference lists of systematic 
review articles and their included studies; google scholar 
and gray literature, through open search.

In order to guide the search strategy, we used the 
descriptors in Health Sciences (Decs), Medical Subject 
Headings (MeSH), and between terms, according to the 
specificity of each database: “Pressure Ulcer”[Mesh]) 

OR “Skin Ulcer”[Mesh]) AND “Low-Level Light 
Therapy”[Mesh]) OR “Laser Therapy”[Mesh]) OR 
“Phototherapy”[Mesh]) OR “Lasers”[Mesh]) OR 
“Ultrasonics”[Mesh] OR “radio waves”[Mesh]) and (ran-
dom allocation; randomized clinical trial; controlled trial; 
clinical trial; clinical trial as topic and 5 years, English 
and Portuguese and humans). Booleans AND and OR 
were applied between the terms. On 21/01/2022 and 
05/05/2022, we performed a new search with the same 
strategic search to identify new studies. We identified 
four studies, one case study, two literature reviews, and 
one randomized clinical trial [20–23]. No studies were 
included as they did not meet the inclusion criteria of this 
review.

Fig. 1  Schematic of the intracellular and molecular mechanism of 
action of therapeutic ultrasound (US) and photobiomodulation (PBM; 
NIR = near-infrared). In the photobiomodulation scheme, photons 
are taken up by chromophores in the mitochondrial crest via the 
cytochrome C oxidase photoreceptor. After photon absorption, nitric 
oxide is released, increasing enzymatic activity and ATP production. 
In addition, it causes an increase in ROS and cAMP, inducing sev-
eral transcription factors (NF-kB and AP-1). After photon absorp-
tion, the authors describe the possible effects: increase in growth fac-

tors, increase in cytokine production, cell proliferation and mobility, 
anti- and pro-inflammatory effects, pain attenuation, improvement in 
cell survival, and inhibition of cellular apoptosis [15, 16]. In the US 
scheme, the mechanical waves generated by the ultrasound stimulate 
membrane integrin receptors. After stimulation, the subsequent phos-
phorylation of signaling proteins activates two main pathways such 
as Rho/ROCK/ERK/MAPK and PI3K/Akt/mTOR. After US stimula-
tion, the authors describe the possible effects: improved proliferation, 
viability, adhesion, migration, and cellular differentiation [17–19]
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Study selection

The selection of the studies occurred in different phases. It 
was performed by two independent reviewers (AV and JM) 
and blinded. In cases of doubt or disagreement, a consensus 
meeting was held with a third reviewer (KH). In the first 
phase, the titles and abstracts of the initially selected studies 
were read, and the eligibility criteria previously defined in 
the present review were applied. The studies selected in the 
first phase were read in their entirety in the second phase and 
the eligibility criteria were applied to confirm their inclusion 
in the present investigation.

Data collection

Evaluation of methodological quality

Methodological quality was assessed by applying the PEDro 
scale tool, available at (https:// www. pedro. org. au/ portu 
guese/ downl oads/ pedro- scale/), according to the follow-
ing areas: eligibility criteria, random allocation, concealed 
allocation, baseline comparability, blinded subjects, blinded 
therapists, blinded assessors, adequate follow-up, intention-
to-treat analysis, between-group comparisons, point esti-
mates, and variability. Studies were classified as having 
low methodological quality if one of the domains, random 
sequence generation, participant and personnel concealment, 
and assignment concealment, was considered to be at high 
risk of bias.

Data extraction

For data extraction, an independent form was used with the 
following information: (1) study identification and partici-
pant characteristics (inclusion and exclusion criteria, number 
of participants, sex, age) (Table 1), (2) pressure injury char-
acteristics (location of pressure injury, stage, and duration 
of pressure injury) (Table 2); and (3) intervention character-
istics (including information about the type of intervention 
and control, specific intervention parameters, and applica-
tion methods considered relevant, as well as outcome assess-
ment instrument) (Table 3).

Data analysis and presentation

The studies were organized and analyzed descriptively 
according to the results listed for this review. Due to the 
heterogeneity of the studies, it was not possible to establish 
summary measures such as relative risk and mean differ-
ences between results.

Results

Identification of studies

In this systematic review, including individuals with pres-
sure injuries, in the process of detection and selection of 
studies, we identified 9067 studies in the databases: 2193 
in Embase; 1881 in MEDLINE/PubMed; 4956 in Web of 
Science; 11 in LILACS; 21 in PEDro; 5 in manual search. 
Using Mendeley, software for bibliographic reference 
management, 338 articles were found to be duplicates. 
After reading the titles of 8729, it was seen that 8716 did 
not meet the inclusion criteria. Therefore, 13 studies were 
pre-selected. After full reading and consensus meeting, 
7 studies were excluded for not meeting the criteria, 2 
related to the population, 1 for the intervention, 2 for the 
type of study described, and 2 for performing only his-
tological analysis without macroscopic analysis. Thus, 6 
studies were selected and included in this review (Fig. 2). 
According to Kappa, the degree of agreement between the 
reviewers obtained an index of 0.692 for adequacy of the 
population, 0.769 for adequacy of the intervention, 1.0 for 
adequacy of the study, and 0.846 for inclusion decision.

As for the clinical characteristics of pressure injury 
(PI), most of the PI, 82 (48.8%), developed in the buttock 
region (ischial tuberosity, sacrum, coccyx), four (2.3%) in 
the trunk, and 27 (16.07%) in the lower extremity, while 
11 patients (6.54%) had multiple PI. Romanelli et al. [24] 
did not describe the clinical characteristics of pressure 
injuries.

All studies used the classification proposed by the 
EPUAP-European Pressure Ulcer Advisory Panel and 
NPUAP-National Pressure Ulcer Advisory Panel: grade IV 
(loss of tissue thickness with exposure of bone, tendons or 
muscle, devitalized or necrotic tissue may appear, they are 
often captivated or fistulized), grade III (total loss of tis-
sue thickness, subcutaneous adipose tissue may be visible, 
whereas tendons, muscles, and N bone are exposed, and 
may present some type of devitalized tissue), and grade II 
(partial loss of dermis thickness presents as a superficial 
wound with a pink-red bed, without devitalized tissue) [1].

Characteristics of the interventions

As for interventions, the study by Polak et al. [25] com-
pared three experimental groups (A: ultrasound + stand-
ard care; B: electrostimulation + standard care; C control: 
standard care with antiseptics or covered with hydrogel 
dressings and hydrocolloid wound dressings and antibi-
otics according to microbiological culture and pressure 
ulcer smear sensitivity tests). Karsli et al. [10] compared 

3366 Lasers in Medical Science (2022) 37:3363–3377

https://www.pedro.org.au/portuguese/downloads/pedro-scale/
https://www.pedro.org.au/portuguese/downloads/pedro-scale/


1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f t
he

 p
ar

tic
ip

an
ts

 (i
de

nt
ifi

ca
tio

n 
of

 th
e 

stu
di

es
, i

nc
lu

si
on

 a
nd

 e
xc

lu
si

on
 c

rit
er

ia
, n

um
be

r o
f p

ar
tic

ip
an

ts
, s

ex
, a

ge
)

St
ud

y
In

cl
us

io
n 

an
d 

ex
cl

us
io

n 
cr

ite
ria

N
um

be
r o

f p
ar

tic
ip

an
ts

 p
er

 g
ro

up
G

en
de

r (
fe

m
al

e 
(F

)/m
al

e 
(M

))
A

ge
 (y

ea
rs

) 
st

an
da

rd
 d

ev
ia

tio
n 

(S
D

),
ra

ng
e 

an
d 

m
ea

n

Po
la

k 
et

 a
l. 

[1
2]

In
cl

us
io

n:
 to

 e
ns

ur
e 

a 
ho

m
og

en
eo

us
 sa

m
pl

e,
 p

at
ie

nt
s 

w
ith

 m
in

or
 p

re
ss

ur
e 

in
ju

rie
s a

nd
 o

f s
ho

rt 
du

ra
tio

n 
w

er
e 

in
cl

ud
ed

Ex
cl

us
io

n:
 p

at
ie

nt
s w

ith
 c

on
di

tio
ns

 th
at

 c
ou

ld
 p

re
ve

nt
 

th
e 

ap
pl

ic
at

io
n 

of
 e

le
ct

ric
al

 st
im

ul
at

io
n 

or
 h

ig
h-

fr
eq

ue
nc

y 
ul

tra
so

un
d 

(c
an

ce
r, 

el
ec

tro
ni

c 
im

pl
an

ts
, 

ne
cr

ot
ic

 a
nd

 tu
nn

el
in

g 
w

ou
nd

s, 
os

te
om

ye
lit

is
, p

re
s-

su
re

 in
ju

ry
 re

qu
iri

ng
 su

rg
ic

al
 in

te
rv

en
tio

n,
 m

et
al

 
im

pl
an

ts
 in

 th
e 

ar
ea

 o
f p

re
ss

ur
e 

in
ju

ry
) a

nd
 fa

ct
or

s 
th

at
 c

ou
ld

 in
te

rfe
re

 w
ith

 w
ou

nd
 h

ea
lin

g,
 d

ia
be

te
s 

(H
bA

1C
 >

 7.
0%

), 
ve

no
us

 a
nd

 ly
m

ph
at

ic
 in

su
ffi

ci
en

cy
, 

cr
iti

ca
l i

nf
ec

tio
n,

 a
lc

oh
ol

is
m

, a
nd

 a
lle

rg
y 

to
 st

an
da

rd
 

tre
at

m
en

t

G
ro

up
 A

 (L
P 

gr
oL

P 
SW

C
 +

 H
FL

P)
 =

 25
G

ro
up

 B
 (E

S 
gr

oL
P 

SW
C

 +
 H

V
M

PC
) =

 24
G

ro
up

 C
 (c

on
tro

l g
ro

LP
 S

W
C

) =
 28

F 
=

 17
 (6

8%
)/M

 =
 8 

(3
2%

)
F 

=
 19

 (7
9.

2%
)/M

 =
 5 

(2
0.

8%
)

F 
=

 24
 (8

5.
7%

)/M
 =

 4 
(1

4.
3%

)
*p

(a
b)

 =
 0.

52
; (

ac
) =

 0.
19

; (
bc

) =
 0.

72

77
.1

1 ±
 10

.3
6 

(6
0–

94
, 8

0)
79

.9
3 ±

 10
.2

1 
(6

0–
95

, 8
2)

79
.1

3 ±
 9.

57
 (6

0–
95

, 8
3)

*p
(a

bc
) =

 0.
56

K
ar

sl
i e

t a
l. 

[9
]

In
cl

us
io

n:
 h

os
pi

ta
liz

ed
 p

at
ie

nt
s w

ith
 st

ag
e 

II
 to

 st
ag

e 
IV

 
pr

es
su

re
 in

ju
ry

Ex
cl

us
io

n:
 p

at
ie

nt
s w

ith
 c

ar
di

ac
 a

rr
hy

th
m

ia
 o

r p
ac

e-
m

ak
er

, e
pi

le
ps

y,
 o

ste
om

ye
lit

is
, p

re
gn

an
cy

, m
al

ig
-

na
nc

y,
 a

nd
/o

r u
nc

on
tro

lle
d 

au
to

no
m

ic
 d

ys
le

xi
a

H
ig

h-
vo

lta
ge

 e
le

ct
ric

al
 st

im
ul

at
io

n =
 15

 
U

ltr
as

ou
nd

 =
 12

To
ta

l N
 =

 27

F 
=

 5 
(1

8.
5%

)/M
 =

 22
 (8

1.
4%

)
A

ve
ra

ge
 a

ge
 =

 32
.6

3 ±
 15

.9
6

B
or

to
li 

et
 a

l. 
[1

4]
In

cl
us

io
n:

 m
in

im
um

 st
ay

 o
f 1

0 
da

ys
 in

 th
e 

ho
sp

ita
l u

ni
t, 

no
t h

av
in

g 
le

si
on

 in
fe

ct
io

n 
or

 ti
ss

ue
 n

ec
ro

si
s, 

an
d 

be
in

g 
ab

le
 to

 p
er

fo
rm

 d
ec

ub
itu

s c
ha

ng
es

Ex
cl

us
io

n:
 p

at
ie

nt
s w

ho
 w

er
e 

di
sc

ha
rg

ed
 fr

om
 th

e 
ho

sp
ita

l, 
di

ed
, o

r c
ha

ng
ed

 th
e 

ty
pe

 o
f d

re
ss

in
g 

du
rin

g 
tre

at
m

en
t

Pa
pa

in
 la

se
r g

ro
up

 (L
PG

) =
 2

G
ro

up
 la

se
r o

il 
(G

LO
) =

 3
To

ta
l N

 =
 5

F 
=

 4/
M

 =
 1

A
ve

ra
ge

 a
ge

 =
 62

.2

Ru
h 

et
 a

l. 
[1

3]
In

cl
us

io
n:

 a
ge

 b
et

w
ee

n 
30

 a
nd

 7
5 

ye
ar

s, 
di

ab
et

ic
 a

nd
 

w
ith

 p
re

ss
ur

e 
in

ju
ry

 o
f g

ra
de

 II
, I

II
, o

r I
V

Ex
cl

us
io

n:
 n

ot
 in

cl
ud

ed

To
ta

l N
 =

 8
F 

=
 1/

M
 =

 7
A

ve
ra

ge
 a

ge
 =

 62
.5

Ro
m

an
el

li 
et

 a
l. 

[1
1]

In
cl

us
io

n:
 n

ot
 in

cl
ud

ed
Ex

cl
us

io
n:

 n
ot

 in
cl

ud
ed

To
ta

l N
 =

 33
N

ot
 in

cl
ud

ed
A

ve
ra

ge
 a

ge
 =

 67
.6

C
ha

ve
s e

t a
l. 

[1
5]

In
cl

us
io

n:
 p

re
ss

ur
e 

le
si

on
s l

oc
at

ed
 in

 th
e 

sa
cr

al
 re

gi
on

, 
w

ith
 n

o 
cl

in
ic

al
 si

gn
s o

f i
nf

ec
tio

n,
 a

ge
d 

be
tw

ee
n 

40
 

an
d 

80
 y

ea
rs

Ex
cl

us
io

n:
 d

ia
be

te
s;

 p
re

gn
an

t; 
pr

ev
io

us
 h

ist
or

y 
or

 
pr

es
en

ce
 o

f m
al

ig
na

nt
 p

at
ho

lo
gi

es
; p

ho
to

se
ns

iti
vi

ty
 

or
 a

ny
 a

dv
er

se
 re

ac
tio

ns
 to

 e
xp

os
ur

e 
to

 su
nl

ig
ht

; f
ec

al
 

in
co

nt
in

en
ce

Ex
pe

rim
en

ta
l g

ro
up

 (G
E)

: 4
C

on
tro

l g
ro

up
 (G

C
): 

4
To

ta
l: 

8

N
ot

 in
cl

ud
ed

A
ve

ra
ge

 a
ge

 =
 

(G
E)

60
.8

 ±
 21

.1
(G

C
)6

0.
3 ±

 15
.3

3367Lasers in Medical Science (2022) 37:3363–3377



1 3

the effectiveness of high-voltage electrical stimulation 
(HVES) + standard care and ultrasound (US) + standard 
care in treating pressure injuries of hospitalized patients. 
Standard care was not described in the article.

In the intervention conducted by Romanelli et al. [24], the 
effectiveness of photobiomodulation was verified through 
the use of LED associated with a BioPhotonic gel (Lumi-
Heal™) in the treatment of chronic wounds; of the 33 indi-
viduals who participated in the study, 3 had pressure ulcers 
and received the LED + BioPhotonic gel treatment; the 
evaluation of the effectiveness of the intervention was done 

by measuring the wound before and after treatment, with 
no control group. The study by Ruh et al. [26] investigated 
the action of the laser for 12 consecutive days on pressure 
ulcers, assessing the area of the lesion before and after the 
interventions, and did not report a control group; however, 
biochemical analysis was performed.

In the research by Bortoli et al. [27], two experimental 
groups were compared: group 1 papain laser (GLP) AlGaInP 
(aluminum, gallium, indium, and phosphorus), 660 nm, 4 J/
cm2, once a day for 10 days, with the use of dressing with 
10% papain solution and group 2 oil laser (GLO) AlGaInP 

Table 2  Clinical characteristics 
of the location of pressure 
injuries

Study Localization Pressure 
injury

Buttocks Sacral Stem Ischio Low limb Multiple Stage %

Polak et al. [12] 74 4 9 11 II 68
III 25
IV 6,8

Karsli et al. [9] 13 14 15 6 II 29
III 55
IV 14

Ruh et al. [13] 7 1 II –
III 100
IV

Bortoli et al. [14] 3 2 1 II 33
III 50
IV 17

Romanelli et al. [11] II –
III –
IV –

Chaves et al. [15] 8 II 37,5
III 37,5
IV 25

Table 3  Study identification, characteristics of the experimental group intervention, and treatment time

n(*), number of participants of the experimental and control groups

Study Intervention: parameters; sessions; n(*) Time

Polak et al. [12] Experimental 1: ultrasound (1 MHz; 0.5 W/cm2; 20%; 1–3 min/cm2) + standard care, once a day 5 days a 
week n = 28. Experimental 2: electrical stimulation (HVMPC, 154 µs, 100 pps, 100 V, 250 µC/s, 50 min/
day) + standard care, once a day 5 days a week; n = 29. Control: standard care; N = 31

6 weeks

Ruh et al. [13] Experimental: laser InGaAIP (660 nm, 2 J/cm2) once a day, during 12 days; n = 8 12 days
Romanelli et al. [11] Experimental: photobiomodulation (500 e 610 nm 55 e 129 mW/cm2) + biogel once a week for 

16–24 weeks; n = 3
16 a 24 weeks

Karsli et al. [9] Experimental 1: single-phase pulsed current (100 pulses/s (10-/50-/100-Hs, continuous 2-s ramp time (50 
e 150 V) + stand care; n = 15. Experimental 2: ultrasound (3 MHz, 20%, 0.3 W/cm2, 1–2 min/cm2 on the 
wound bed and 1 MHz contínuous, 1 to 1.5 W/cm2, 2–3 min/cm2 around the injured) + stand care. Both 
3 times a week during 4 a 12 weeks; n = 12

12 weeks

Bortoli et al. [14] Experimental 1: AlGaInP laser (660 nm 4 J/cm2 + fatty acid oil dressing) once a day for 10 days n = 2; 
Experimental 2: AlGaInP laser (660 nm 4 J/cm2 + papain dressing) once a day for 10 days n = 3

10 days

Chaves et al
[15]

Experimental 1: LED (630 and 940 nm 4 J/cm2 + standard care) 3 × /week for 4 weeks; n = 15
Experimental 2: standard care (cleaning saline solution + hydrogel dressing) 3 × week for 4 weeks; n = 15

12 weeks
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660 nm, 4 J/cm2, once a day for 10 days, associated with 
the use of dressing with oil lotion based on essential fatty 
acids. Chaves et al. [28] compared conventional treatment 
(cleaning of the lesion with physiological solution, plus a 
hydrogel-based dressing with alginate) for 4 weeks with 
conventional daily treatment plus LED application (630 and 
940 nm 4 J/cm2) three times a week, totaling 12 sessions; 
pressure lesions were evaluated by measuring the area and 
temperature. Follow-up time between studies ranged from 
3 to 6 weeks.

As for the parameters of the electrophysical agents 
(Table 4), a description of 100% of the wavelength was 
observed for photobiomodulation, and the frequency and 
emission mode of ultrasound; the energy density (ED) was 
described in 5 studies not being described in Romanelli et al. 
[24]; as for the PBM, a variety in the choice of parameters 
was observed. The power density (PD) was introduced in 
mW/cm2 and described in all studies, unlike the distance 
between the application points, which was not described in 
two studies [24, 28, 29]. The case of dose per diode and dose 
per tissue was not described in any study.

The duration of treatment was described in all studies, as 
was the frequency of application, the latter being reported in 
three studies as daily frequency of application (once a day) 
at least 5 days a week (Table 4). Another study reported a 

frequency of 3 times per week, and another, at least one 
application during the study. Also, in Table 5, other char-
acteristics were observed, and the method of contact with 
the skin in the case of the ultrasound agent N was reported 
in one study [9]. In the studies that used PBM, one reported 
that it kept 5 cm of distance of the light from the skin, the 
other only described that it used the scanning method, and 
the third kept 0.5 cm of distance to avoid contact.

Study results

Due to the heterogeneity in the characteristics of the partici-
pants (age, location, classification, and duration of pressure 
injury) and the interventions (irradiation parameters, appli-
cation methods, and assessment instrument) of the studies, 
the data were presented descriptively according to the results 
intended by this review in each study. No studies using the 
high-frequency electrophysical agent have been described 
in the last 5 years. Table 5 presents the characteristics of the 
results of the studies included in this review, the evaluation 
instruments, and their conclusion; the lesions were evalu-
ated using a planimeter, images captured by a camera, and 
measured in  cm2 and by a conventional ruler. The final area 
reduction was assessed in all studies.

Fig. 2  Flowchart of the process 
involving the studies
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In the study by Polak et al. [25], after 6 weeks of treat-
ment, the mean reduction in surface area of pressure inju-
ries was significantly lower in all groups, decreasing in the 
ultrasound group from 10.86 ± 11.59  cm2 at baseline to 
3.69 ± 6.23  cm2 after treatment (p < 0.0001), in the electri-
cal stimulation group from 7.48 ± 6.20 to 2.65 ± 4.33  cm2 
(p < 0.0001), and in the control group from 9.31 ± 7.27 to 
5.33 ± 46.41  cm2 (p < 0.0001). In the research by Karsli et al. 
[10], the initial averages were 25 and 15  cm2 in the high-
voltage electrical stimulation group. In the ultrasound group, 
the post-treatment values were 17 and 8  cm2, respectively. 
The percentage changes in the measurements were analyzed, 
with a decrease of 43% in the electrostimulation group and 
63% in the ultrasound group; in intragroup comparisons, a 
significant reduction was detected comparing pre- and post-
treatment: in stage II, electrostimulation group 5  cm2 (20%) 
and ultrasound group 9  cm2 (40.9%); in stage III, 13  cm2 
(52%) of the electrostimulation group and 13  cm2 (59.1%) 
of the ultrasound group; stage IV, 7  cm2 (28%) of the elec-
trostimulation group and the ultrasound group (0%).

Romanelli et al. [24] assessed the elapsed time to com-
plete wound closure. However, as different wounds were 
assessed and in the pressure injury group, there were only 
3 participants; the N results were interpretable for this cat-
egory. The wound size of the participants decreased by an 
average of 78% on day 30, and 100% on day 60 for the pres-
sure injuries. The results of Ruh et al. [26] showed a 50% 
contraction in irradiated wound diameters after 7 days, as 
well as increased cell activity at the edge and base of the 
wound, faster granulation tissue formation, and accelerated 
wound closure in the irradiated group.

In Bortoli et al. [27], the lesions in the laser plus papain 
group did not show a significant difference in the treatment 
performance between the first and the fifth day. Still, a sig-
nificant difference was observed between the first and the 
tenth day (F24.8 = 6.885, p < 0.05), equivalent to 39.1% of 
the wound area, and all wounds showed a decrease in size 
and improvement in physical appearance during treatment. 
The average total reduction in the laser plus papain group 
was 9.50 units of area, which corresponds to a 33% reduc-
tion in the lesion area. When evaluating the recovery of the 
lesions in the laser plus oil group, it was found that there was 
a significant difference in the performance of the treatment 
between the first and fifth day (F19.62 = 4.864, p < 0.05) and 
between the first and tenth day (F19.62 = 5.850, p < 0.05), 
and the average total reduction of the laser plus oil group 
was 12.15 area units, corresponding to a 44.5% reduction of 
the area of the lesions.

In Chaves et al. [28], applying the LED device (630 and 
940 nm) at a dose of 4 J/cm2 promoted a higher healing 
rate in pressure ulcers in the experimental group than in the 
control group. The pressure lesion area of the group that 
received LED and conventional treatment decreased over the Ta
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e 
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12 treatment sessions, while the pressure lesion area of the 
group that received only conventional treatment increased.

The methodological quality of the studies included in 
this review was assessed using the PEDro tool, as shown 
in Table 6.

As for the methodological evaluation performed by the 
PEDro scale, it was possible to observe that half (50%) of 
the articles had a higher mean than the world average, which 
is 5.2 (SD 1.6), considered average; two articles had a mean 
of 5, and only one article had a mean of 3, considered of 
low quality [30]. Five of the six studies described that par-
ticipants were randomized regarding randomized sequence 
generation. All studies presented a high risk of bias because 
the participants, the applicators, and the evaluators were not 
blinded.

Concerning outcomes, only one study did not present suf-
ficient information. The other studies were classified as hav-
ing a low risk of bias. In the domain of intergroup outcomes, 
two studies were classified as high risk of bias because the 
outcomes were not described. Two other studies did not pre-
sent precision measures as measures of variability for at least 
one key outcome.

Discussion

In chronic skin lesions, the healing process does not occur 
adequately or happens slower than expected due to multi-
ple factors [31]. To stimulate the healing of skin lesions, 
the literature describes the use of physical agents known as 
therapeutic ultrasound, electrostimulation, negative pres-
sure, photobiomodulation, and high frequency, as adjunc-
tive therapeutic methods to accelerate tissue repair [8, 
32–38]. In this systematic review, we sought to evaluate 
the effects of photobiomodulation electrophysical agents 
that include laser and LED, ultrasound, and high frequency 
in treating pressure injuries.

The six studies included presented the analysis of 
the efficacy of two physical agents, photobiomodulation 
(PBM) and ultrasound, in the treatment of pressure inju-
ries, but 2 of the 6 studies did not present a control group, 
only the analyses before and after treatment, making the 
analysis of subgroups and meta-analysis impossible. The 
absence of a control group reduces the reliability of the 
findings, reducing their use for future studies and the 

Table 6  Evaluation of 
methodological quality

Y, yes; N, no
2—subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an 
order in which treatments were received)
3—allocation was concealed
4—the groups were Yilar at baseline regarding the most important prognostic indicators
5—there was blinding of all subjects
6—there was blinding of all therapists who administered the therapy
7—there was blinding of all assessors who measured at least one key outcome
8—measures of at least one key outcome were obtained from more than 85% of the subjects initially allo-
cated to groups
9—all subjects for whom outcome measures were available received the treatment or control condition as 
allocated or, where this was not the case, data for at least one key outcome was analysed by “intention to 
treat”
10—the results of between-group statistical comparisons are reported for at least one key outcome
11—the study provides both point measures and measures of variability for at least one key outcome

PEDro scale Polak et al. [12] Bortoli 
et al. [14]

Ruh et al. [13] Romanelli 
et al. [11]

Karsli et al. [9] Chaves 
et al. 
[15]

2 Y Y Y N Y Y
3 Y Y N N Y Y
4 Y Y Y N Y Y
5 N N N N N N
6 N N N N N N
7 N N N N N N
8 Y Y Y Y N Y
9 N Y Y Y N Y
10 Y Y N N Y Y
11 Y N Y Y Y N
Score 6/10 6/10 5/10 3/10 5/10 6/10
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generalizability of the results. In addition, the sample size 
of the four studies using photobiomodulation was small 
and heterogeneous. These results corroborate with other 
reviews, which identified clinical heterogeneity and differ-
ences in PBM parameters in the treatment of pressure inju-
ries and ultrasound in other chronic skin wounds [8, 14].

Photobiomodulation (PBM) includes laser and LED 
(light-emitting diode), the latter being a resource that has 
biological action mechanisms similar to laser, such as the 
reduction of inflammatory cells, increased proliferation of 
fibroblasts, stimulation of angiogenesis, formation of granu-
lation tissue, increased collagen synthesis, and antibacte-
rial action [29, 39, 40]. The irradiation parameters are also 
similar between LED and laser, with the biological effects 
depending on the wavelength and dose parameters [29, 39]. 
For this reason, both laser and LED therapies were included 
in the present study. In the present review, one study found 
that LED photobiomodulation + BioPhotonic gel appears to 
promote healing and accelerate lesion closure. However, the 
small sample number of pressure injuries makes it impos-
sible to confirm such a statement [24]. Nevertheless, Silveira 
et al. [40] found that both LED and laser reduce the inflam-
matory response and oxidative stress, thereby decreasing 
dermal necrosis and increasing granulation tissue formation, 
providing an increment in burn wound repair.

The effects of photobiomodulation therapy on cutane-
ous wounds were addressed in the study by Andrade et al. 
[26], where several studies demonstrate the beneficial effects 
of PBM on wound healing in in vitro, in vivo, and clini-
cal studies in humans, accelerating the resolution of such 
lesions. However, this fact is closely linked to the choice of 
parameters such as dose, time, and wavelength [41]. These 
findings corroborate those of the present review, in which 
the use of PBM showed beneficial effects on the healing of 
pressure injuries. Still, the application parameters were dif-
ferent among the studies, as well as the way of evaluating the 
results of the interventions, making it difficult to generalize 
these results.

The findings of the present systematic review corrobo-
rate those of Petz et al. [8], who suggest that in system-
atic reviews on photobiomodulation, one finds difficulties 
in addressing a large number of studies with significant 
sample size and high methodological quality in the treat-
ment of pressure injuries. The small sample size and low 
methodological quality of the studies reduce the quality of 
the evidence, leading to imprecise effect estimates and lim-
ited confidence in the use of laser for wound area reduction 
and complete healing and the time required for this to occur 
[8]. The present study also noted difficulties finding recent 
studies (last 5 years) with significant sample size and high 
methodological quality in research using PBM.

According to Petz et al. [8], the divergence of clini-
cal studies using photobiomodulation in pressure injuries, 

such as the variety of clinical characteristics of PI patients 
and the clinical characteristics of pressure injuries, lim-
its the evaluation of the effect of this technology. In the 
studies included in this review, pressure injuries were 
described in different body parts and classifications 
according to the National Pressure Ulcer Advisory Panel 
(NPUAP) [1], with stage III injuries predominating. The 
divergences found by Petz et al. [8] corroborate the present 
study. Both the clinical particularities of the individuals 
and the different characteristics of pressure injuries made 
data uniformity difficult.

The form of evaluation of the interventions in the studies 
with PBM and US of the present review differed in each 
study, using photographs, planimeters, questionnaires, 30 cm 
ruler, thermography, and healing by spreadsheet. In Petz 
et al. [8], no study mentioned standardized scales to evaluate 
the healing process. The use of pressure ulcer scales, such 
as the PLPH (Pressure Ulcer Scale for Healing) tool and 
the PSST (Pressure Sore Status Tool), provides uniformity 
in the magnitude of the measurement of the area (length, 
width, and depth) of the pressure ulcer [42, 43]. It is pos-
sible to assess the quantitative aspects of chronic wound 
healing and the tissue characteristics through it [44]. The 
use of standardized, evidence-based scales contributes to 
a consistent assessment of wound characteristics, and their 
use is encouraged in clinical settings and recommended in 
several clinical practice guidelines [45].

Some parameters of the studies that used PBM as inter-
vention N were described, such as energy density, frequency, 
the distance between points, and irradiation time per point, 
corroborating the findings of Petz et al. [8] that describe the 
lack of some important parameters of metrics and their mode 
of application. The need for standardization in the descrip-
tion of the parameters used in studies is paramount for their 
reproduction in future studies since the divergence of these 
parameters can change the biological response, compromis-
ing the effect of photobiomodulation, thus not being possible 
for the reproducibility of studies [8].

In addition to the studies with PBM, 2 studies using 
ultrasound for the treatment of PI were included. In vitro 
studies have shown that the existence of leukocytes, pro-
duction of growth factors and collagen, increased angio-
genesis, macrophage reaction, and fibrinolysis are exam-
ples of cellular effects induced by such a physical agent 
[6]. Kavros et al. [46] compared the use of ultrasound in 
venous lesions with a group that received only standard 
care, demonstrating in subgroup analysis positive results 
regarding the use of the electrophysical agent com-
pared with the control. Beheshti et al. [47] demonstrated 
improvements in lower limb venous lesions with US 
application compared to standard care, but no difference 
between high and low frequency. A systematic review 
has not found sufficient benefit for using ultrasound and 
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photobiomodulation in the treatment of pressure injuries 
[48]. In the present review, it was possible to observe pos-
itive effects regarding the use of US in pressure injuries.

A systematic review by Korelo et  al. [35] evalu-
ated whether the US produces beneficial outcomes in 
wound healing and which parameters provide the best 
dose–response. Regarding dose–response, there is no 
agreement among the studies. There is evidence of the US 
as an adjunctive resource for wound treatment. However, 
it is not possible to clearly answer the best dose–response 
relationship. These findings support the findings of the 
present review, which although demonstrate positive 
results for the healing of PI pressure injuries, such as the 
study by Polak et al. [25] that used US in the treatment 
of PI in the elderly by comparing US + standard care and 
electrostimulation + standard care. The percentage reduc-
tion in PI surface area at the end of treatment, comparing 
before and after, was significantly greater in the standard 
care + US group and the standard care + ES group com-
pared to the control group. The groups associated with 
electrophysical agents did not differ with respect to treat-
ment outcomes. The results show that US and electrostim-
ulation are comparable with respect to their efficacy in 
reducing the size of PIs in the elderly.

Another study compared the effectiveness of high-
voltage electrical stimulation (HVES) with ultrasound 
[9]. Pressure injuries in the HVES and ultrasound groups 
were reduced by an average of 43% and 63%, respec-
tively. Changes in wound surface measurements were 
statistically significant in both groups for all stages, and 
there was no statistically significant difference between 
groups. Although the studies show US and electrostimula-
tion intervention methods as promising for PI healing in 
adults and the elderly, the impossibility of determining the 
best dose–response to the heterogeneity of the application 
parameters, the lack of a control group in one of the stud-
ies, the evaluation of one of the studies have been only the 
measurement in  cm2, limits the conclusion of which is the 
best electrophysical agent, may be useful for the healing 
of pressure injuries.

It can be observed through this systematic review on the 
effectiveness of electrophysical agents in the treatment of 
pressure injuries that the difficulty in determining whether 
such agents are effective or not is due to the lack of meth-
odological rigor in some included studies. It is suggested 
that new randomized clinical trials be conducted with bet-
ter methodological conduct and detailed description of the 
PBM parameters with standardized terminology, homo-
geneity of the clinical characteristics of the participants, 
determination of the sample through sample calculation, 
uniformity in classification, measurement, and evaluation 
of pressure injuries, as well as the presence of a control 
group.

Conclusion

This systematic review concludes that PBM showed effi-
cacy in healing pressure injuries similar to other technolo-
gies indicated in other studies. PBM with red wavelength 
(658 nm) at stages 2 and 3 of pressure injuries effectively 
promoted healing compared to standard care. Although 
the studies in this review showed heterogeneity regard-
ing participants (comorbidity, age, sample size, clinical 
characteristics of pressure injuries), interventions (PBM 
parameters, application methods, and techniques), groups, 
and comparative outcomes (assessment instrument), PBM 
may be a choice in practice for the treatment of pressure 
injuries in adults and the elderly, as no strong evidence 
was found to refute its clinical application. As for ultra-
sound, what was observed was the equality of results 
when compared with electrostimulation and no difference 
between the interventions and the control group; how-
ever, a significant reduction in the areas of the lesions 
was observed after the use of US when compared before 
and after interventions to the control group. The scientific 
production of new randomized clinical trials with a sig-
nificant number of samples and a better methodological 
quality may change the confidence in the estimation of 
the effect of the laser on complete wound healing, time 
to complete wound healing, and reduction of the pressure 
lesion area, and therefore the degree of certainty of these 
results. Thus, the clinical studies available in this system-
atic review should be considered to guide further trials.
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