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Abstract

Introduction. Musculoskeletal disorders (MSDs) are the main reason for disability in the world, causing pain and functional
loss. Class IV laser is a recent treatment proposed for pain reduction in MSDs, although studies supporting its use and dosage
are limited. The purpose of the paper was to describe the efficacy of class IV laser in the treatment of musculoskeletal pain.
Methods. Randomized clinical trials were identified in the PubMed, Scopus, Web of Science, CINAHL, and ScienceDirect
databases by a search on August 31, 2020. Three independent investigators reviewed article titles and abstracts for eligibility.
Risk of bias and quality were evaluated with the Cochrane risk of bias tool and PEDro scale. Decreased pain was considered
the main outcome; range of motion, strength, or disability were secondary outcomes.

Results. A total of 50 articles were obtained after eliminating duplicates, reduced to 7 after selection criteria application. MSDs
included patellofemoral dysfunction (n = 1), epicondylitis (n = 1), osteoarthritis (n = 1), cervicalgia (n = 3), and lumbar radiculo-
pathy (n = 1). The studies had a low risk of bias and a PEDro score greater than 7. Pain reduction was observed at the end of
laser treatments and in follow-up evaluations (p < 0.005); the decrease in disability favoured laser management (p < 0.005).
Conclusions. Class IV laser is effective in reducing pain and improving function in patients with MSDs. Further research is
necessary to establish a consensus on the dosage and obtain more evidence in MSDs of non-articular origin.
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Introduction

Musculoskeletal pain (MP) is understood as any pain as-
sociated with disorders that affect muscles, ligaments, bones,
or joints, encompassing more than 150 diagnoses concern-
ing the musculoskeletal system [1-3]. MP is usually described
as penetrating, tense, and radiating, accompanied or not by
hyperalgesia, classified as acute or chronic, depending on
whether its duration is shorter or longer than 3 months [4, 5].
Acute MP occurs in response to the stimulation of type Il
and IV nociceptors (afferent fibres A and C), which release
neuropeptides peripherally, causing their sensitization and,
potentially, hyperalgesia [4—6]. In turn, chronic MP corre-
sponds to a sensory and emotional experience produced by
alterations in the processing of central nervous system neu-
rons that integrate unimodal and polymodal receptor affer-
ents, which results in central sensitization. This situation is
accompanied by alterations in antinociceptive mechanisms
(inhibitors) and activation of pain-facilitating pathways, lead-
ing to generalized hypersensitivity, in addition to the activa-
tion of limbic system areas (pain neuromatrix theory); many
authors classify it as non-plastic pain [6-9].

Musculoskeletal disorders (MSDs) are among the main
causes of disability in the world, standing out as the most
common problems of osteoarthritis, low back pain, neck pain,
tendinopathies, fibromyalgia, and myofascial pain, which are
accompanied by movement limitations, decreased strength,
loss of dexterity and functional capacity, and compromised
life quality; also, they translate into increased demands for
health care [2-10]. Approximately 35-65% of people have
experienced some MSDs in their lifetime, and the persistence

of symptoms can accentuate the physical, psychological,
and socioeconomic impacts [11-13].

Laser therapy is a physical resource used to promote
tissue repair, wound healing, and pain management in pa-
tients with MSDs [11-14]. This electromagnetic radiation
includes wavelengths located in the visible red or infrared
spectrum, and its production is based on the phenomenon
of stimulated emission of radiation, that is, photonic emission
when atoms are excited by a source of electrical energy
[15, 16]. Photons are absorbed into tissues by chromophore
molecules, sensitive to specific wavelength bands. For ex-
ample, water molecules are long wavelength absorbers, and
haemoglobin and melanin are short wavelength absorbers.
The absorption of radiation increases the atomic and mo-
lecular kinetic energy, generating biological effects [15-19].
Therapeutic laser radiation is commonly produced from gas-
eous mixtures of HeNe (wavelength: 632.8 nm) or semicon-
ductor diodes of AsGa or AsAlGa (wavelength: 630—-950 nm)
[15-20].

Laser depth will depend on the wavelength, wave disper-
sion, power, and tissue absorption coefficient. Dispersion
increases when working with short wavelengths, so red la-
sers will present less penetration [15, 16, 20]. Therapeutic
wavelengths are concentrated between 620 and 1200 nm
(therapeutic window), and lengths outside this range will be
concentrated in the skin, with limited depth [15, 21].

Lasers have been classified into low-power devices
(class Illb or low intensity laser therapy [LILT]) and high-power
devices (class IV or high intensity laser therapy [HILT]), de-
pending on whether the emission power is smaller or greater
than 500 mW (0.5 W). LILTs present athermic effects and are
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recognized for their photobiomodulatory results since they
can favour or inhibit biological processes depending on the
energy dose delivered, in accordance with the Arndt-Schulz
law, with an average depth of 3-4 cm [16, 17, 21, 22]. In turn,
class IV devices are characterized by deep photothermic and
photochemical effects, presenting a more diffuse and less
concentrated energy emission, which generates the slowest
absorption by chromophores, reaching average depths of
10-12 cm [20, 21].

The analgesic effects of class IV laser have been sup-
ported by its photochemical effects, highlighting the activa-
tion of enzymes of the respiratory chain and synthesis of ATP,
DNA, and RNA. This would be accompanied by physiologi-
cal effects such as increased metabolism and microcircula-
tion, decreased nociceptive nerve conduction, and the release
of beta-endorphins. Effects such as decreased inflamma-
tion, collagen genesis, stimulation of immune processes, and
nerve regeneration have also been documented [16, 17,
19-25].

The World Association for Laser Therapy has proposed
dosage recommendations for LILT in various musculoskele-
tal conditions; however, recommendations for class IV laser
have not been documented [26]. It has been suggested that
HILT could decrease MP in conditions such as rheumatoid
arthritis, osteoarthritis, carpal tunnel syndrome, fibromyalgia,
painful shoulder, trigeminal neuralgia, postoperative pain,
and knee pain, and that it would be advantageous owing to
its photothermal effects and more depth [23-30].

Although class IV laser has been recognized in recent
years as a therapeutic alternative for MP management, there
is a lack of research to support its effectiveness. Thus, the
objective of this systematic review was to investigate the sci-
entific evidence of the last decade regarding the efficacy of
class IV laser in the treatment of MP.

Subjects and methods

This systematic review adheres to the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses (PRISMA)
statement [31]. This research was uploaded electronically
to the International Prospective Register of Systematic Re-
views (PROSPERO) of the National Institute for Health Re-
search (https://www.crd.york.ac.uk/prospero) and obtained
the identification code of CRD42020205701.

Search strategy

A systematic review was carried out considering the
electronic databases of PubMed, Scopus, Web of Science,
CINAHL, and ScienceDirect, with the last update on August
31, 2020. The Physiotherapy Evidence Database (PEDro)
scale was applied. On the basis of the PICO (patient, inter-
vention, comparison, outcome) formula, a search algorithm
was developed to evaluate the effects of class IV laser in
reducing pain (acute or chronic) in patients with MSDs [32].
The following keywords (MeSH terms) were used: ‘Lasers,’
‘Phototherapy,’ ‘High Intensity Laser Therapy,’ ‘Class IV laser,’
‘Musculoskeletal Pain,” ‘Musculoskeletal Diseases,’ ‘Myo-
fascial Pain Syndromes,” ‘Myalgia,” ‘Trigger Points,” and ‘Ar-
thralgia,” with the Boolean connectors ‘OR’ and ‘AND’. The
following algorithm was obtained: ((((“Lasers”[MeSH Terms])
OR (“Phototherapy”[MeSH Terms])) OR (“High Intensity Laser
Therapy”))) OR (“Class IV laser”)))) AND ((((((“Musculoskeletal
Pain”’[MeSH Terms]) OR (“Musculoskeletal Diseases”[MeSH
Terms])) OR (“Myofascial Pain Syndromes”[MeSH Terms])))
OR (“Myalgia”[MeSH Terms])))) OR (“Trigger Points”[MeSH
Terms])))))) OR (“Arthralgia”’[MeSH Terms])))))).

The outcomes of the search with the keywords proposed
were downloaded for each database (nbib, ris, or ciw formats).
The files were uploaded and analysed with the Rayyan tool,
developed for the preliminary selection of abstracts and ti-
tles of articles (https://rayyan.qcri.org) [33].

Three independent researchers (S.A., A.C., and S.V.)
analysed the titles and abstracts of the articles on the basis
of the selection criteria, classifying them in the categories:
‘included,” ‘possible,” and ‘excluded’. In addition, studies ref-
erences were examined, with extracting and reviewing their
country of origin, author, affiliated institutions, and enrolment
periods to identify and exclude duplicate publications. Arti-
cles in the ‘possible’ category were reviewed by the research
team to be or not to be included in the final count. Each author
recorded exclusion reasons of papers. Articles with incom-
plete abstracts were discarded from the analysis. The main
outcome variable was reduction of pain intensity in MSDs
treated with class IV laser, while range of motion or changes
in muscle strength and/or improvement in quality of life or
disability for the treated MSDs were considered as second-
ary outcomes. For the included articles, the study objective,
PEDro scale score, participants’ demographic data, declara-
tion of conflicts of interest, follow-up period, evaluation time,
treatment protocol, class IV laser dose applied, and main and
secondary outcomes were analysed [34, 35].

The risk of bias in the articles was assessed with the eval-
uation tool proposed by the Cochrane Collaboration, con-
sidering the following criteria [36, 37]; (1) random selection of
participants (selection bias), (2) allocation concealment (se-
lection bias), (3) participants and staff blinding (performance
bias), (4) results of measurements blinding (detection bias),
(5) results with incomplete data (attrition bias), (6) selective
reporting or reporting (reporting bias), and (7) other sources
of bias. The tool classifies the risk of bias as high, low, or un-
clear. Poor methodological quality trials were those with 3 or
more high risks of bias [36].

Selection criteria

The inclusion criteria were as follows: (1) randomized
clinical trials (RCT) or clinical controlled trials; (2) studies in
humans; (3) participants older than 18 years; (4) articles pub-
lished in the previous 10 years; (5) articles in the English lan-
guage; (6) studies using class IV laser or HILT alone or with
another intervention as pain management in MSDs; and (7)
comparison with another treatment, sham application, or
placebo. We excluded (i) case reports, systematic reviews,
meta-analyses, and literature reviews; (ii) animal or in vitro
studies; (iii) class IV laser treatments in non-musculoskeletal
conditions; (iv) pain resulting from neurological conditions
(e.g. hemiplegia, spinal cord injury, diabetic neuralgia); and
(v) studies whit incomplete abstracts.

Quality of articles and risk of bias

Quality of the elected articles was evaluated with the
PEDro scale (kappa coefficients between 50 and 79 for rat-
ings consensus generated by groups of 2 or 3 evaluators)
[34, 35]. Each investigator performed an independent as-
sessment, and any disagreement was subsequently dis-
cussed in a team until consensus was reached. RCTs with
scores < 5 in the PEDro scale were rated as low quality, while
those scored > 6 were considered as high quality (Table 1).

Ethical approval
The conducted research is not related to either human or
animal use.
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Table 1. PEDro scale score of the analysed studies [34, 35]

CIL”JE?:);TE‘I Author, year of publication PEDro scale oriteria” [34, 39 Total score
1 2 3 4 5 6 7 8 9 10 | 11
1 Nouri et al. (2019) [38] 1 1 1 1 1 0 0 1 1 1 1 9
2 Roberts et al. (2013) [39] 1 1 1 1 1 1 0 1 1 1 1 10
3 Angelova and llieva (2016) [40] 1 1 1 1 1 0 0 1 1 1 1 9
4 Dundar et al. (2015) [41] 1 1 0 1 1 0 0 1 1 1 1 8
5 Venosa et al. (2019) [42] 1 1 0 1 1 0 0 1 1 1 1 8
6 Yilmaz et al. (2020) [43] 1 1 1 1 1 0 0 1 1 1 1 9
7 Kolu et al. (2018) [44] 1 1 1 1 1 0 0 1 1 1 1 9

* PEDro (Physiotherapy Evidence Database) scale criteria:
(1) The selection criteria were specified.
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7) All assessors who measured at least one key outcome were blinded.

the case, data for at least one key outcome were analysed by ‘intention to treat’.
(10) Results of statistical comparisons between groups were reported for at least one key outcome.
(11) The study provides point and variability measures for at least one key outcome.

Identification

Eligibility Screening [

Included

2) Subjects were randomized into groups (in a crossover study, subjects were randomized as they received treatments).
3) The assignment was hidden.
4) The groups were similar at the beginning in relation to the most important prognostic indicators.
5) All subjects were blinded.
6) All therapists who administered the therapy were blinded.
)
)
)

N = 1969

Records identified through database searching
PubMed (n = 70); Scopus (n = 191); Web of Science (n = 22); CINAHL (n = 4); ScienceDirect (n = 1682)

i

Records after duplicates removed
(n =260)

4

ELIGIBILITY CRITERIA

— Randomized
or controlled clinical trials
— Human studies
— Participants over
18 years of age
— Articles published
in the previous 10 years
(2010-2020)
— Articles in the English

Records screened

(n = 260)

Records excluded
(n=210)

4

Full-text articles
assessed for eligibility
(n =50)

»

language

— Use of HILT
(class IV laser) alone
or another intervention
as pain treatment
in musculoskeletal
conditions

— Comparison with another
treatment, sham application,
or placebo

Figure 1. Flowchart of studies included in the review in accordance with the PRISMA 2009 guidelines [31, 37]

4

Studies included
in quantitative synthesis
(meta-analysis)
(n=0)
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Studies included
in qualitative synthesis
(n=7)

Measures of at least one of the key outcomes were obtained from more than 85% of the subjects initially assigned to the groups.
Results were presented for all subjects who received treatment or were assigned to the control group, or, when this could not be

Full-text articles excluded,
with reasons
(n=43)

— LILT interventions

— Another main outcome

— Other types of study such
as case studies, systematic
reviews/meta-analyses,
literature reviews

— Studies treating
a non-musculoskeletal
condition
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Results

The initial search strategy yielded a total of 1969 articles
from the selected databases (PubMed, n = 70; Scopus, n =
191; Web of Science, n = 22; CINAHL, n = 4; ScienceDirect,
n = 1682). Subsequently, when duplicates were eliminated
with the use of the Rayyan detection tool, a total of 260 arti-
cles were obtained. The main reasons for exclusion were LILT
treatments, systematic reviews and meta-analyses, literature
reviews, another main outcome, lack of a comparison group,
animal or in vitro studies, and other health conditions. After
reviewing titles and abstracts, a total of 50 articles were ob-
tained between ‘possible’ and ‘included’. The selection crite-
ria were applied, and consensus was reached for the ‘pos-
sible’ and ‘included’ articles, discarding 43, and obtaining
7 articles for analysis. As causes of exclusion, interventions
with LILT (n = 16), another main outcome (n = 14), another
type of study (n = 8), and non-musculoskeletal conditions
(n = 4) stand out. Figure 1 shows the PRISMA flow chart with
a summary of the selection results, while Figure 2 presents
the risk of bias of the selected articles. The results imply that
none of the trials had more than 3 high risks of bias; therefore,
the selected studies were classified as good quality [36, 37].

The reported MSDs included patellofemoral pain syn-
drome (n = 1) [38], epicondylitis (n = 1) [39], knee osteoar-
thritis pain (n = 1) [40], myofascial pain of the upper trape-
zius muscle (n = 1) [41], cervical spondylosis pain (n = 1)

[42], neck pain due to herniated disc (n = 1) [43], and radicular
low back pain [44]. Table 2 summarizes the characteristics
of the selected articles. The 7 selected articles showed a PE-
Dro score greater than 6, with an average score of 9 points,
so the selected RCTs were attributed good internal validity.
In turn, Table 3 indicates the parameters used for class IV
laser. The results show the use of infrared lasers in the 7 arti-
cles: wavelength 1064 nm [38, 40—44] and mixed wavelength
of 980/810 nm [39]. In most of the studies, pulsatile emission
was applied, except for the studies by Roberts et al. [39] and
Kolu et al. [44], who reported 100% delivery cycles. Further-
more, treatment times of 2-5 minutes were generally ob-
served, except for the studies by Venosa et al. [42] and
Yilmaz et al. [43], in which 15 and 30 minutes were proposed.
In relation to the reported fluence (energy density), various
values can be seen, ranging from 360 mJ/cm? to 1000 J/cm?,
coinciding only with the investigations by Nouri et al. [38]
and Kolu et al. [44]. The studies generally indicate applica-
tions between 5 and 10 sessions, except for the study by Yil-
maz et al. [43], reporting a total of 20 treatment sessions [43].

Considering pain intensity as the main outcome, the most
frequently used evaluation instrument was the visual ana-
logue scale (VAS) [45, 46], applied to assess pain at rest, on
palpation, and in motion; additionally, it was used in some
studies for nocturnal pain assessment in myofascial syn-
drome and lumbar radiculopathy [41, 44]. Angelova and
llieva [40] incorporated algometry in conjunction with VAS
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Trials involving 3 or more high risks of bias were considered as poor methodological quality.

Figure 2. Included studies graded in accordance with the Cochrane risk of bias tool [31]



H.A. de la Barra Ortiz, S.A. Cangas, A.C. Herrera, F.O. Garcia, S.V. Velasquez

Efficacy of class IV laser in the management of musculoskeletal pain: a systematic review

Physiother Quart 2021, 29(2)
physiotherapyquarterly.pl

«(syuow g pue |) 50 < O3
:ainssaud Jejueld olweuiqg (eaue 10BIUOD J1B6
L(suow ¢ pue 1) 5D < B3 ‘waysAs Ueosio04 SH)
:ainssaid Jejueld onelg ainssaud Jejueld
olweuAp ‘(ainssaid onels
«(suuow g pue 1) 5 > 93 | .
:Aiewoby syuow ¢ g wi9sAS UeS}004 SH)
ainssaud Jejue|d onels
«(Syuow ¢ pue |) HY > B3 yiuow | z1 1S8WO02IN0 Alepuoosg c.mEQS ve sieak $9
:JUSWIBAOW UO SYA ) uew el | . g
(Ayowobe ‘syA) g esop e =159 :ebe ues|\
«(suow g pue 1) 90> O3 | uswiess jo JusWwaAOW YlIM SUOISSOS UaLom gb
‘uopedfed uo SYA pusie:ll| uopue‘uonededuo |4 puey esop . UBWOM b2 | o lov] (9102)
(syuow ¢ pue }) By >3 “1sa1 1e Aysuaqul ured YlIM Ssuols Jese| weys 9o ‘Uswil || (910w 10 syuow g) BASI|| pUB
LL/6 ;1sal 18 QYA suljeseq ;0L :8WO09IN0 Ule -sos Ajiep 7 18se| Al SSB|D 13 ‘e = U D3 2L=u 104 | snuyueos)so ssuy eAojebuy
(syiuow g)
sulleseq > B9 > H3
{(seam 9 pue
skep 01) DD > B3
:Aungesia
L(Seem z| pue ‘syeem 9
'sfeem €) 5O < B3
AneLIOWBUAG (Auiiesip 10} a[eos L)
Ajngesip ‘(Answowreulip
»OUIIBSE] = 5] > 53 SYeOM Z| 1 [enuew) soio dub paje|dwod sem USWIOM €
:ured 1sa1 ) :SOWO0INO AIBPU0DSS juswieal} [1un sdnoub yioq oy ‘Usl sieah |G
uoisua)xe Jebuly pasisey | SHOOM 9:E1 6 p P31o1I1S8J 919M UONEBILI IO y=umn | obeuesiy
suleseq = > SYoOM € gl (1581 uoisusixe Jebuy 0L Aep ured uopua} Buisned salAIY uoWIOM
«SUlI8Seq = 9] > D3 palsisal pue ‘uonedied | Jed uoisses USWOM € 9
‘ured uonedied SABPOL:LL|  ‘gyp) Aususiur ured | pue suois Jase| Weys 100 ‘Usw g usw 6 (esow sosyuow g) | [6el (€102)
LL/OL | .euleseq >H0 >3 :SYA | euneseq 0l :8WO09IN0 Ule -sos Apjeam ¢ 18SE| A\l SSB|D :D3 ‘g=u:03 GL=u 104 snjApuooidg ‘e 18 suagoy
syuow ¢ Joj Ajrep :joooro.d esiosex3y
(s Gl joses 0L)
Buisies 6a| Jybiesis 4o uonessie ba|
auleseq > H) = 3 papuaixa yum Buiyolens pue
:SSBUYNS OVINOM (s 0} Jo suonedal g} Jo
sUlesE] < B0 = O3 s1es g) sesloiaxa sdaolpenb
_c.o:ocE OVINOM (DVINOM) ssauyis OlIJ8WOSI + J8se| weys 199
oc__mmmn >0 >D7 {(OvINOM) Uonauny (s g1 josles o1) uowiom i sieah g¢
B ‘$9W00IN0 Arepuodes Buisies Ba| 1ybrens 1o uoneas|e usw 9 .
:ured epelnyy ‘0z = U 99 :ebe ues|\
SUOW € 21 (asreuuonsenb ejelny)) ured B9| papusixa yum Buiyolais : :
+OUlIRSE] > 9T > O3 . {DOVINOM) ured sleAsolul pue (s Q| Jo suonnedai QL Jo uswoMm LsLiom gz (910w Jo syow )
‘ured OVINOM yuow | -kl {SVA) Aususiul ured Kep-g yum s18s €) sesiolexe sdeoupenb ¥ ‘usw 9 usw el swoJpuAs ured [s€] (6102)
LL/6 | ,euleseq>DH0 >3 :SYA | euleseq oL :8WO09IN0 Ule SuoIsses G OLIBWOS] + J8Se| A| SSB|D 1T ‘0z =U:D3 oy=u 104 [eIowWajOje1ed ‘[e 18 UNoN
SuoISSaS Apnis
9100 awli} obe uesw 19pIOoSIp uoneolgnd jo
0la3d uoIsnioueg uonenjeas SOWoANo DA HORLOAIHI OO PUEDT | 75 gidweg | *° [e18]8%S0|NOSN|N Jeak Yoyiny
. sse|D ; adA|

SelpN1s pepn|oul 8y} JO SolsUBloBIBY) g 8|qeL




Physiother Quart 2021, 29(2)

H.A. de la Barra Ortiz, S.A. Cangas, A.C. Herrera, F.O. Garcia, S.V. Velasquez

physiotherapyquarterly.pl

Efficacy of class IV laser in the management of musculoskeletal pain: a systematic review

so0>d,

uoIeN[BAS [elliul 8] JO}JE 1IN0 PaLLIBD SUOIEBNBAS — "018 || ‘JUsW]eal] 81048q UOIEBN[BAS [eljiul — 0]
‘9]e0g Ayjiqesiq pue ured %99N — SAVAN ‘Xopu| AHIGesId 308N — [N ‘XOpu| SIHUYHEBOSISO SOIHSISAIUN JBISBINON PUE OLBIUQ UISISBM — DVINOM ‘S[eds enbojeue [ensiA — SYA
‘ssa1dwod 1am Joy — DH ‘UOIBINWIIS SAJSU [EO1}O9]8 SNOSUBINOSURI} — SNT L ‘punoselin — SN ‘dnoub j043u0d — 59 ‘dnoib [eluswiadxs — H3 ‘paiyoads Jou — SN ‘el [ed1uljd paziwopuel — 1 DY

LBullgseq > H) > H3j
:2100s AlysamsQ

auleseq > B9 = D3

(aureuuonsenb AnsemsQ)
Ajjigesip Jequini
1S9WO09)N0 Alepuooss

‘ybiu 18 QYA
Leuleseq > 09 > HJ (souawios! suids Jequiny) SN sieah gg
: (svn) A . . :obe ues|\
:uonow ur SYA 1ybiu 1e pue ‘uonow ul SyoaM g $881049Xd + SN3L SN OH ‘DO Le=UD) | -
Lauleseq > o = 93 SHeam gL “1sa. e Aysusyul ured UIyIM (souawios! suids Jequiny) SN SN (910w Jo syuow §) v¥] (8LOZ)
LL/6 11891 1B SYA auljeseq 01 :9WO0}N0 UIB SUOISSOS (O | SOSI0IOXa + JOSE| Al SSBJO ‘OH D3 | /g2 =U:93 yS=u 104 | Ayredojnoipes Jequin ‘e 18 njoy|
(SQvdN) AuligesIp [eoinie0 (Ui og o} uoiba.
{(A115WOIUOB) SUOREI0! pUE _mm_zoo ayy Jo Buluayibuains _ocvm
‘SUOIFRUIOU| ‘UOISUSIX® ‘Buiyolals ‘sjuswisAOW BAI}OE
aureseq > 90> 03 ol wonou o s 52503216 + SNAL SN 00 swete
T ’ :S8WO02IN0 Alepuooss SHOOM § (ulw g 40} uoibal SN
auljeseq < H) = O3 UIyIM [BOIAISO BU} JO BulusyiBusss pue | -0 =UDD | uswom gl (peuodau 1ou swiy)
‘uonow Jo ebuel [BAINISD | SHOIM L1 (SVA) Aususyur ured suolsses ‘BUIYDIBIS ‘SJUSLLIBAOW BAIOR) SN ‘uswi gg elulay snsodjnd [ev] (0202)
LL/6 | .euleseq > 5o > 53 :QyA | suleseq 0L :2WO02IN0 UIB ulw-g| 0z SOS10J0X3 + JOSE| \| SSBJO :D3 ‘0z =U:D3 or=u 104 | snejonu [esinien ‘e 10 ZBW|IA
(IaN) Aupgesip
‘(Aipawoluob) (ulw g 40} uoibal
uonouw jo abues |e21AI99 8y} Jo Bulusyibuails pue
[BOIAJSO UONBUIOUI PUE ‘BUIYDIBAIS ‘SIUSLUSAOW SAIOE)
«BUlI8seq > 9] > D3 ‘UOISUB]IX® ‘UOIX3)} sesioiexs + SNIL ‘SN 9D sieaf gg
:Aungesip [eoinied :SaWo2Ino Arepuooss Ssyeam g (uIw og 10} UoIBel SN :abe ues|y
sul|gseq < 9) = O3 UM [BOIAI9D U} Jo BulusyiBuays pue | :C¥ = U DD | USWOM gG
:uonow jo abuel [eOIMRD | SHeIM P ILL (SVA) Ausuayur ured uiw G| Jo ‘BUILDIOI]S ‘SJUSLUSAOW SAIOR) SN ‘uswi gg (910w 10 syuow g) [2¥] (6102)
L1/8 | Leuleseq >Ho >HJ QYA | euleseq QL :8WO00IN0 UIB SUoISSas G| S8S10J0X8 + JaSe| \| SSBJD :HJ gy =u:D3 y8=u 104 | sisojApuods [eoinie)) | “|e 10 Bsouap
(sx08m 2| pUE ¥)
auljeseq < ) < D3
8411 Jo Ajrend
(S50M 2| PUB $) B9 > B uoneoldde Jase| joye
:Aljgesip [eainien (eareuuonsenb gg-43) a4 jo peLuioped alem sesiiexT
(S)eam g | pue ) DO = O3 z__m:_o,g_ozv Angesip (sxe9m ¢ jo pouad e ul
-Lonou o sabuey [BOIAI9O ‘(1919WOIUOH pue JusWieas} Jo ABp Yoes Uo
Jajewiouljour) uonow Jo uiw G| BuiyoIas [BIIAISD pUB
«s198m Z| pue ) HY > H3 sabuel uonelol pue AljIgOWw SAI0E ‘S8SI0IoXd JLIBWOSI) | UsWOoM g8
“JusSWBAOW U0 SVA ‘UOIJBUIOUI ‘UOIX8]} [BDIAISD SOSI0JoXe + JOSE| WEBYS 190 ‘uswi
L(seam Z| pue $) DD >3 :seWooIN0 A1epuodes (sxjoom g 4o pouad & ul ‘8 = U D) .wmmm> oy
‘uoneded uo SYA oM 7L - (SVA) 1ybiu pue Juswyeal) Jo Aep yoes uo -obe Uean (stpuow € uey)
L(S¥eem Z| pue p) A el ‘JuaWBAOW uiw G BulyoleaIs [eoInI80 pue uswom gg | UsWom 9/ 2J0W) BWOIPUAS
959 > 93 SHeOM P iLL|  qsesye Aususiul ured Aungow eAoe ‘sesioloxe oLjewosl) | ‘usw o ‘uswi o ured [ejosejoAw [1¥] (S102)
LL/8 11581 18 QYA auljeseq 0L :8W02IN0 UIB| SuoISses g| S8S10J0X8 + JaSe| \| SSBJD :HJ ‘gg = U3 9/=u 194 snizedeJ; Jeddn ‘[e 1@ Jepung




Physiother Quart 2021, 29(2)
physiotherapyquarterly.pl

H.A. de la Barra Ortiz, S.A. Cangas, A.C. Herrera, F.O. Garcia, S.V. Velasquez
Efficacy of class IV laser in the management of musculoskeletal pain: a systematic review

Table 3. Types of lasers used in the included studies

Author, year of publication

Musculoskeletal disorder Laser parameters

Class IV laser sessions

Nouri et al.
(2019) [38]

Patellofemoral pain syndrome
(3 months or more)

Wavelength: 1064 nm

Power: 10 W

Duty cycle: 25%

Energy density: 120 J/cm?
Treatment time: 120 s
Non-contact application (2 cm)

5 sessions
with 2-day intervals

Roberts et al.
(2013) [39]

Epicondylitis
(3 months or more)

Wavelength: 980/810 nm mix (80:20 radius)
Power: 10 W

Duty cycle: 100%

Energy density: 6.6 + 1.3 J/cm?

Treatment time: 300 s

Non-contact application: 2.5 cm

3 weekly sessions
and 1 session per day 10

Angelova and llieva
(2016) [40]

Dose A:

Wavelength: 1064 nm

Energy density: 12 J/cm? (energy 300 J
and treatment area 25 cm?)

Pulse frequency: 25 Hz

Treatment time: 120 s

Non-contact application

Knee osteoarthritis
(3 months or more)

Dose B:

Wavelength: 1064 nm

120 J/cm? (energy 3000 J and treatment area 25 cm?)
Pulse frequency: 25 Hz

Treatment time: 600 s

Non-contact application

7 daily sessions
with dose A
and 4 sessions
with dose B

Dundar et al.
(2015) [41]

Upper trapezius myofascial
pain syndrome
(more than 3 months)

First phase (6 points treated, bilateral application)

Wavelength: 1064 nm

Pulsed emission

Power: 3 kW

Duty cycle: 0.1%

Frequency: 10-40 Hz

Energy density: application in 3 subphases
360 mJ/cm? (166.7 J), 410 mJ/cm? (166.8 J),
and 510 mJ/cm? (166.5 J)

Spacer application (perpendicular probe)

Second phase (6 points covered, bilateral application)
Wavelength: 1064 nm

Pulsed emission

Power: 3 kW

Duty cycle: 0.1%

Frequency: 10-40 Hz

Energy density: 610 mJ/cm? (60 J)

Treatment time: 6 s per point

Spacer application (perpendicular probe)

Third phase

Wavelength: 1064 nm

Pulsed emission

Power: 3 kW

Duty cycle: 0.1%

Frequency: 10-40 Hz

Energy density: application in subphases
360 mJ/cm? (166.7 J), 410 mJ/cm? (166.8 J),
and 510 mJ/cm? (166.5 J) for a total energy of 500 J

Treatment time: 60 s (100 cm? area)

Manual scan application

12 sessions

Venosa et al.
(2019) [42]

Cervical spondylosis
(3 months or more)

Wavelength: 1064 nm

Power: 3 kW

Duty cycle: 0.1%

Pulse frequency: 10-40 Hz

Energy density: first phase 1000 J/cm?,
second phase application for 8 pain points 200 J,
third phase 1000 J/cm?

Treatment time: 30 min

Non-contact application (2 cm): phase 1 and 3
manual scanning and phase 2 static application

15 sessions of 15 min
within 3 weeks

Yilmaz et al.
(2020) [43]

Cervical nucleus
pulposus hernia
(time not reported)

Wavelength: 1064 nm

Power: 8 W

Pulse frequency: 25 Hz

Energy density 5 J/cm? (area 25 cm?)
Treatment time 15 min

Contact application in the form of a scan
over the paraspinal muscles

20 15-min sessions
within 4 weeks

Kolu et al.
(2018) [44]

Lumbar radiculopathy
(3 months or more)

Wavelength: 1064 nm

Power: 7 W

Duty cycle: 100%

Energy density: 120 J/cm? (area 25 cm?)
Treatment time: 360 s

Non-contact application (2 cm)

10 sessions
within 2 weeks
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for pain measurement. All the studies show a decrease in
pain at rest and movement in the experimental and control
groups in relation to the initial evaluation (TO or baseline),
the change being greater in favour of the experimental group,
with the exception reported by Kolu et al. [44], where the
decrease in pain at rest did not exhibit statistically significant
differences between groups (experimental group, p = 0.283;
control group, p = 0.486).

Range of motion as a secondary outcome was reported
only for cervical MSDs, evaluated with goniometry and an
inclinometer [41-43]. An improvement in the range of mo-
tion for both groups compared with TO was observed in all
the studies, although without statistically significant differ-
ences between groups in the evaluation of the movements
of flexion, extension, inclinations, and cervical rotations (Dun-
dar et al. [41], p-value of 0.378-0.911; Venosa et al. [42],
p > 0.05; Yilmaz et al. [43], p-value of 0.282-0.898).

The assessment of muscle strength is only reported by
Roberts et al. [39], who applied manual dynamometry as an
indicator to measure grip pain in patients with epicondylitis.
The study indicates a statistically significant difference in
grip pain in favour of the experimental group at 10 days, as
well as 3, 6, and 12 weeks after treatment (p < 0.001).

An article highlights the static and dynamic foot baro-
metric assessment with the RS Footscan system in patients
with knee osteoarthritis [40]. The study reported statistically
significant differences for the static plantar contact variable
at 7 days (p < 0.0001), 1 month (p = 0.016), and 3 months
(p < 0.0001), in favour of the control group. An improve-
ment in plantar contact during walking was also observed for
the experimental group at 7 days (p < 0.0001), 1 month (p <
0.0001), and 3 months (o < 0.0001) [40].

For disability assessment, specific functional question-
naires for each reported MSD were applied, including the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) and the Kujala questionnaire [38], Likert
scale for disability [39], Neck Disability Index (NDI) [41, 42],
Neck Pain and Disability Scale (NPADS) [43], and Oswestry
questionnaire [44]. The study by Nouri et al. [38] reports a
decrease in disability assessed with WOMAC and Kujala for
both study groups compared with baseline evaluation, al-
though without statistically significant differences between
groups for WOMAC in the pain, function, or stiffness domains
(p-values of 0.56, 0.73, 0.84), unlike the Kujala questionnaire,
where the experimental group showed less disability (p =
0.053). Roberts et al. [39] observed a decrease in disability at
10 days, as well as 3, 6, and 12 weeks after treatment (p <
0.001). Studies using NDI implied improved functionality for
both groups at the end of treatment and follow-up assess-
ments. Dundar et al. [41] reports decreased cervical disability
in favour of the experimental group at 4 and 12 weeks (p <
0.0001), while Venosa et al. [42] determined lower mean
scores for the experimental group but without indicating
statistical significance. For the NPADS, a reduction in dis-
ability was reported in both groups with respect to the eval-
uation at TO, but without statistically significant differences
between them [43].

Only one study uses the SF-36 questionnaire for general
health assessment in physical, mental, and emotional dimen-
sions [41]. Both groups presented an improvement for gen-
eral health, with statistically significant differences between
groups for all the items of the questionnaire at weeks 4 and 12
(b < 0.0001), except vitality domains (o = 0.467 at 4 weeks;
p = 0.527 at 12 weeks) and general mental health (o = 0.854
at 12 weeks; p = 0.613 at 12 weeks) [41].

Discussion

The purpose of this systematic review was to investigate
the scientific evidence of the last decade for effectiveness
of class IV laser as an analgesic treatment in MSDs. The re-
sults suggest that this treatment may be an option for the
management of pain in MSDs by reducing pain intensity and
improving function.

This systematic review included 7 RCTs evaluated with
low risk of bias and good methodological quality for 100%
of the articles after being assessed with the Cochrane Col-
laboration bias tool and PEDro scale, with an average score
of 9. Overall, 57% of the articles (n = 4) report the use of class
IV laser as treatment for spinal MSDs [41-44], while 28%
(n = 2) describe treatment of knee conditions [38] and 14%
(n = 1) refer to elbow conditions [39]. Furthermore, it is ob-
served that the main MSDs treated with laser are of joint
origin (71%, n = 5) [38, 40, 42-44], followed by myofascial
pain (14%, n = 1) [41] and tendinopathies (14%, n = 1) [39].
This is in line with research carried out with class llIb laser, in
which systematic reviews and meta-analyses report the best
results in reducing pain and improving function in joint-ori-
gin MSDs [47-49]. Favourable results observed in MSD of
non-articular origin are promising and encourage us to con-
tinue developing new RCTs under these conditions. This is
also supported by research conducted with LILT that verifies
its use in pain management in myofascial conditions and
tendinopathies [50-52].

It should be noted that 85.6% of the articles (n = 6) re-
ported chronic MSDs [38-43], while in 14.4% (n = 1), pain
progression time was not indicated [43]. Importantly, MSDs
associated with chronic pain involve more central than pe-
ripheral neural adaptation mechanisms, including possible
sensitization of neurons at the medullary or thalamic level
[6-9, 52, 53]. Laser applications in this systematic review
were oriented to local sites, obtaining equally good analgesic
results in the short and long term. Although the analgesic
mechanisms of the laser are not entirely clear, they could be
supported by the release of opioid peptides (beta-endor-
phins), whose antinociceptive effect occurs at the central
and peripheral levels [16, 17, 19-25].

It is also observed that in 29% of the studies (n = 2), the
laser was compared with a simulated application; long-term
analgesic effects were observed for the comparison groups,
although with more significance in favour of the experimental
groups [39, 40]. This could be supported by physical rest
provided to patients during the period when the studies were
developed and/or by the possible placebo components of
the sham treatment [54-56].

This systematic review highlights the use of VAS as the
main instrument for assessing pain changes in the reported
MSDs. This improves the quality of the obtained results by
the evidence that supports VAS psychometric properties
(reliability: 0.97; high correlation with other pain measurement
instruments: Pearson’s r: 0.88) [45, 46, 53-55]. It should be
noted that 71% of the studies (n = 5) applied VAS at rest
and in movement [38—-40, 43], and that 29% (n = 2) addition-
ally incorporated the assessment of nocturnal pain [41, 44].
This is interesting because pain changes are associated with
function and activity. On the other hand, 71% of the articles
(n = 5) reported the use of class IV laser in conjunction with
other therapeutic interventions in the experimental group
[38, 41-44], while 29% (n = 2) applied laser alone [39, 40].
In the studies in which laser was accompanied by other in-
tervention, therapeutic exercises (stretching, mobility, or iso-
metric strengthening) were used in 100% (n = 5), while 15%
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(n = 1) reported hot pack application before laser applica-
tion. A statistically significant decrease in pain was observed
in the experimental groups in studies in which laser accom-
panied other interventions, a result that could be directly at-
tributed to lasers because control groups received the same
treatment (apart from laser or sham) [38, 41—44]. It is empha-
sized that the selected complementary interventions also pre-
sented benefits for the MSDs treated, complying with the bio-
ethical principle of beneficence, providing treatment for all
patients, regardless of the results obtained for laser [57-60].

The most repeated secondary outcome for the RCTs was
disability, assessed with different written questionnaires, in-
cluding WOMAC, Kujala, NDI, and NPADS, depending on the
MSD to be treated. The review of the psychometric proper-
ties of these questionnaires highlights an average sensitivity
and specificity greater than 0.70 (WOMAC: sensitivity of 0.80
and specificity of 0.57; Kujala: sensitivity of 0.80 and spec-
ificity of 0.90; NDI: sensitivity of 0.78 and specificity of 0.80;
NPADS: sensitivity of 0.74 and specificity of 0.70), which
supports the usage of these instruments in the initial as-
sessment of disability and changes for the follow-up evalu-
ations after the treatment [60—66]. It is emphasized that the
studies consider the assessment of disability given that one
of the main problems in MSDs is the loss of functionality
and physical capacity because of pain [2-3]. Although the
laser therapy focused on pain management, the improve-
ment in functionality in the short and long term is valued
[88—44]. It is recommended that new trials to be conducted
continue to consider functional assessment as a main out-
come because it is most relevant for patients.

The articles indicate an average number of sessions be-
tween 5 and 10 to obtain favourable analgesic results for
the treated MSDs. It should be stated that the conditions
treated were chronic (more than 3 months of evolution) and
that laser application for a few sessions already generated
significant improvements in pain and function, changes that
were also maintained in the long term [38-44].

Despite the fact that the results show efficacy with laser
therapy, the diversity of dosages used is considered a limi-
tation of the studies, reporting varied energy densities with-
out specifying aspects such as chronicity of the condition,
period of tissue repair, magnitude of pain, or others that the
researchers considered to establish the dosage [38-44].
This issue also occurs in class llIb laser systematic reviews
[38-44].

It is essential that the protocols report the average output
power used (W), since it represents the real emission
power and is dependent on other parameters, such as maxi-
mum power (W), emission of output (continuous or pulsed),
pulse frequency (Hz), and pulse duration (microseconds or
milliseconds). Knowing the average output power (W,.,.) iS
necessary to determine treatment times from energy densi-
ties (J/cm?) that are proposed, as well as to establish the
total energy (J) delivered for each MSD treated [17, 18]. It is
suggested for new protocols to report mean powers, which
will allow to establish comparisons between studies and
adopt a consensus regarding the dosage. Along the same
lines, it is recommended that the World Association for Laser
Therapy review and approve the existing class IV laser dos-
ages, proposing guidelines for the development of new re-
search.

Conclusions

Class IV laser is a recent physical therapy treatment that
has been proposed for pain management in MSDs. This sys-

tematic review indicates that it is effective in reducing pain
and improving functionality in MSDs in the short and long
term. Although laser technology is more expensive, it shows
better analgesic effects compared with transcutaneous elec-
trical nerve stimulation or therapeutic ultrasound. Although
the results are favourable, it is convenient to review the dos-
ages used, reporting explicitly in the new trials the average
powers used (W), as well as energy densities (J/cm?)
and treatment times to better clarify the total energy delivered
and establish a consensus on the dose. The main MSDs
treated in this review included chronic conditions of joint
origin, so it is advisable to carry out new protocols in acute
or chronic non-articular MP.
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