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Abstract

The purpose of this systematic review was to evaluate the effects of high-intensity laser therapy (HILT) on pain, disability,
and range of movement in patients with neck pain. Randomized controlled trials (RCTs) of HILT for neck pain disorders
were searched across databases such as PubMed, Web of Science, Scopus, CINAHL, Science Direct, Cochrane Library, the
PEDro database, and Google Scholar (updated January 7, 2024). The main outcome was pain intensity, with neck disability
and cervical range of motion as secondary outcomes. Researchers reviewed article titles and abstracts from different databases
using the Rayyan web app. Study quality was assessed using the Cochrane risk of bias tool, and evidence-based recommen-
dations were developed using the GRADE approach. A meta-analysis was conducted to calculate the pooled effect in terms
of mean differences (MD) for the outcomes of interest, along with a 95% confidence interval (95% CI). Twenty studies met
the selection criteria and were potentially eligible for inclusion in the meta-analysis. At the end of the treatment, there was
a statistically significant (p <0.01) pooled MD of -14.1 mm for pain intensity (17 RCTs) with the VAS (95% CI:-18.4,-9.7),
3.9° (95% CI:1.9,6.7) for cervical extension (9 RCTs), and -8.3% (95% CI:-14.1,-4.1) for disability diminish (12 RCTs) with
the neck disability index in favor of HILT. Only the results for pain intensity are in line with the minimal clinically important
differences (MCID) reported in the literature. Overall, the evidence was deemed significant but with low certainty, attributed
to observed heterogeneity and some risk of bias among the RCTs. HILT demonstrates effectiveness in reducing neck pain
and disability while enhancing cervical extension when added to other physical therapy interventions, especially therapeutic
exercise, based on a moderate level of evidence. This review highlights that the most favorable results are obtained when
HILT is employed to address myofascial pain, cervical radiculopathy and chronic neck pain.

PROSPERO registration number: CRD42023387394 (Registration date, 14/01/2023).

Keywords Laser therapy - High-Intensity Laser Therapy - Neck pain - Musculoskeletal pain - Systematic review

<l Hernin Andrés de la Barra Ortiz Introduction

hdelabarra@unab.cl; handresdelabarra@yahoo.es

Mariana Arias
m.avila@ufscar.br

Richard Eloin Liebano
liebano @ gmail.com

Exercise and Rehabilitation Sciences Institute, School

of Physical Therapy, Faculty of Rehabilitation Sciences,
Universidad Andres Bello, Avenida Fernandez Concha 700,
7591538 Las Condes, Santiago de Chile, Chile

Physiotherapeutic Resources Research Laboratory,
Department of Physical Therapy, Federal University of Sao
Carlos (UFSCar), Sao Paulo, Brazil

Department of Rehabilitation Sciences, University
of Hartford, West Hartford, CT, USA

Neck pain (NP) is a prevalent cause of disability, ranking
fourth behind low back pain, depression, and musculoskel-
etal trauma [1, 2]. Its prevalence falls within the range of
10% to 20%, akin to that of low back pain. However, the
impact of neck disability on work-related absences is less
well defined [1, 3].

NP is categorized into acute (lasting less than 3 months)
and chronic (persisting for more than 3 months), based on
its duration [3]. Additionally, it is classified as specific
or non-specific depending on its identifiable origin [3,
4]. Acute NP generally resolves within an average of two
months. However, certain patients have persistent discom-
fort lasting up to a year, or they may undergo recurrences
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featuring neuropathic-nociceptive or predominantly neu-
ropathic symptoms [3]. The chronic nature of NP is attrib-
uted to factors including gender (female), psycho-affective
components, sedentary lifestyle, ergonomic issues, job dis-
satisfaction, and occasionally, secondary gains. Yet, the
most potent predictor of chronicity remains prior NP his-
tory episodes [1, 5]. Linking NP to disability is considered
complex due to the multitude of physiological, psycho-
social, and environmental variables [5]. Distinct specific
NP disorders encompass whiplash, cervical spondylosis,
radiculopathies, and myelopathies [3]. Conversely, non-
specific NP correlates with disorders like myofascial pain
and cervicogenic headaches [1, 4].

Common approaches to NP management encompass the
use of non-steroidal anti-inflammatory drugs and muscle
relaxants [1, 3]. In chronic cases, interventions may extend
to corticosteroid injections, radiofrequency neurotomies,
or surgical procedures, although the available evidence
supporting their effectiveness remains limited [3].

The literature supports physical therapy as an effica-
cious strategy for addressing NP, employing methods like
therapeutic exercise, manual therapy, massage, transcuta-
neous electrical nerve stimulation (TENS), and low-level
laser therapy (LLLT) [6-8]. LLLT has shown efficacy in
physical therapy for managing NP, with support from sci-
entific evidence [9-11].

High-Intensity Laser Therapy (HILT), also acknowl-
edged as a high-power laser or class IV laser, encompasses
devices with a power output exceeding 0.5 W and typically
operates within the infrared spectrum, enabling deeper
tissue penetration [12, 13]. It has emerged as a valuable
resource for pain management in various musculoskeletal
conditions, including NP [11-15]. HILT distinguishes
itself from LLLT by employing power output levels sur-
passing 0.5 W [12-14]. This characteristic enables HILT
to rapidly deliver energy to deeper tissues and has the
potential to generate heat [11, 13, 14, 16].

The analgesic mechanisms of HILT remain unclearly
understood; however, there is a theoretical proposition
that they share similarities with LLLT based on the prin-
ciples of photobiomodulation [11, 13, 14, 17]. Among
these suggested mechanisms are a slowing down of noci-
ceptive nerve conduction [14, 15, 17], especially at high
powers according to the Arndt-Schultz law, the produc-
tion of B-endorphins [14], the activation of cytochrome
C-oxidase, and a reduction in the production of mediators
and inflammatory responses [11, 13, 15, 17]. These syner-
gistic mechanisms collectively contribute to the analgesic
effects of laser therapy. This effect is further augmented
by the thermal effects of HILT, which include the clear-
ance of inflammatory mediators through vasodilation [13,
17, 19], promote the extensibility of collagen [13, 17],
induce muscle relaxation [13, 17], and could suppress the
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transient vanilloid receptor type 1 (TRPV1) activity under
elevated temperatures (>42°C) [18, 19].

The emergence of randomized controlled trials (RCTs)
investigating HILT for diverse NP conditions, following
the established evidence of LLLT, requires a comprehen-
sive literature review to support HILT for NP management.
Thus, this systematic review (SR) 's primary objective was
to assess HILT's analgesic effects in patients with neck pain
and, secondarily, its effects on disability and cervical range
of motion.

Methods
Study design

This review adhered to the guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statemen [20]. The review was
registered in the International Prospective Registry of Sys-
tematic Reviews (PROSPERO) by 14/01/2023 under the
National Institute for Health Research (NIHR) with regis-
tration number CRD42023387394 (https://www.crd.york.ac.
uk/prospero/) [21]. There were no protocol amendments.

The research question followed the PICO (population,
intervention, comparison, and outcome) approach. The
population comprised patients with NP, treated with HILT,
and compared with those who received other physical ther-
apy interventions, with or without the HILT placebo. The
primary outcome was pain intensity, measured with widely
recognized instruments like the Visual Analog Scale (VAS),
Numeric Pain Rating Scale, or others, while secondary out-
comes encompassed cervical range of motion (CROM),
assessed via goniometry, and neck disability, evaluated using
the Neck Disability Index (NDI).

Search strategy

A comprehensive search for randomized controlled trials
(RCTs) involving HILT for treating NP was conducted.
The search covered eight electronic databases, includ-
ing PubMed, Scopus, Web of Science, CINAHL, Science
Direct, Cochrane Library, the Physiotherapy Evidence-
Based Database (PEDro), and Google Scholar (updated
January 7, 2024). Searching was performed using a set
of keywords selected from the Medical Subject Headings
(MeSH) dictionary. Keywords included: "lasers”, "laser

"non

therapy", "high-intensity Laser Therapy", "Class 1V laser",
"neck pain", "musculoskeletal pain", "myofascial pain syn-
dromes", "cervical spondylosis" and "whiplash injuries".
These terms were combined using the boolean connectors
"OR" and "AND" to obtain the search algorithm: ("Lasers”

OR "Laser Therapy" OR "High Intensity Laser Therapy" OR
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"Class 1V laser") AND ("Neck Pain" OR "Musculoskeletal
Pain" OR "Myofascial Pain Syndromes" OR "Cervical Spon-
dylosis" OR "Whiplash Injuries"). The "clinical Trial" and
"randomized controlled trial" filters were applied to ensure
the inclusion of RCTs in the search.

Selection process

Two researchers (XXXXX and XXXXX) used the Rayyan
web tool to review the article titles and abstracts from each
database before registering them in a Microsoft Excel tem-
plate [22]. Subsequently, full texts of potential articles were
obtained for comprehensive review, considering factors like
NP conditions, participant demographics, selection criteria,
group interventions, assessments, and interesting outcomes.

This review considered the following inclusion criteria:
a) human RCTs on neck disorders; b) studies in English,
Spanish, or Portuguese; c) treatment with HILT as either the
sole intervention or in combination with other therapies; d)
comparison with other physical therapy treatments or HILT
placebo; e) the main outcome was centered on pain intensity
changes. Literature reviews and other SRs on HILT, neu-
rological or musculoskeletal disorders from another body
region, and studies with incomplete or unavailable texts were
excluded. No time limitation has been set for the search,
considering the recent emergence of HILT and the potential
limitation in the quantity of available studies.

Methodological quality and risk of bias

The methodological quality of RCTs was preliminary
reviewed using the Evidence-Based Physiotherapy Scale
(PEDro scale), followed by the subsequent application of
the Cochrane Collaboration Risk of Bias (RoB) tool to scru-
tinize bias within the encompassed studies [23, 24]. RCTs
with PEDro scale scores below five were labeled as 'low
quality," while those scoring five or higher were consid-
ered 'high quality. Studies classified as high quality in the
Cochrane RoB tool had less at two high RoB. RCTs lacking
information for RoB tool criteria were deemed biased. The
evaluation of bias agreement between researchers was
gauged using the kappa statistic [25]. Cochrane's RoB graph
was employed to depict bias.

Statistical analysis

Statistical analysis was carried out using the Cochrane
Review Manager software (RevMan 5.4.1). Heterogeneity
across studies was evaluated using the Chi-square and the I?
statistic, categorized as low (0-40%), moderate (30-60%),
substantial (50-90%), or considerable (75-100%) [26]. Due
to the observed level of heterogeneity (Chi-square, p <0.05;
and 1> 50%), the Dersimonian-Laird random effects method

was employed to calculate the pooled effect of mean differ-
ences (MD) for the outcomes of interest, along with a 95%
confidence interval (95% CI). Each outcome was presented
in meta-analysis as a pooled effect in terms of weighted MD
(WMD) and its respective CI. Forest plots were designed to
depict the pooled effect on outcomes of interest.

Quality of evidence

The evaluation of the quality of evidence employed the
GRADE approach (Grading of Recommendations, Assess-
ment, Development, and Evaluation), considering criteria
such as study limitation, inconsistency, indirectness, impre-
cision, and publication bias [27].

Study limitation

Present when there are deficiencies in blinding or concealed
allocation criteria, potentially resulting in an overestima-
tion of treatment effects, information extracted from the RoB
assessment.

Inconsistency

Depends on heterogeneity equal to or exceeding 50% for an
interesting outcome.

Indirectness

Identified when the characteristics of treated individuals
deviated from those of the broader population with the
health condition or when comparing HILT treatment to
less common interventions in available evidence or clinical
practice.

Imprecision

Depends on whether the CIs for the pooled effect in meta-
analyses intersect the line of no effect, which suggests a lack
of clarity in favoring one of the two groups with the treat-
ment. Furthermore, the optimal sample size will be evalu-
ated, requiring a representative participant number exceed-
ing 400 to consider the effect as clinically relevant.

Publication bias

Depends on the number of studies related to the relevant
outcome, with a cutoff of at least three studies to mitigate
bias effectively.

Evidence levels, ranging from high (P EPEP) to very
low (OOQ), were assigned, with an initial high-
quality rating for each level due to the exclusive inclusion
of RCTs in this review [27]. Factors affecting one or two
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GRADE domains may potentially lead to a downgrade of
the evidence quality by one or two levels. The assessment of
evidence importance will involve a comparison to ascertain
whether statistically significant weighted mean differences
align with the literature's definition of clinically meaningful
minimal clinically important differences (MCID). To ensure
a comprehensive synthesis of evidence regarding HILT and
its association with NP, researchers employed the GRADE-
pro GDT tool for guideline development to present a sum-
mary table of evidence (www.gradepro.org).

Results
Search results

The preliminary phase involved searching seven electronic
databases (PubMed, Web of Science, Scopus, CINAHL, Sci-
ence Direct, Cochrane Library, and the PEDro database),
yielding a total of 1,989 articles from databases and regis-
ters, complemented by an additional 30 articles identified
through alternative methods [20]. Following the removal of
1,338 duplicate articles, a refined selection of 651 articles
from databases and registers underwent detailed analysis,
with 27 ultimately chosen for comprehensive examination.
However, the exclusion of ten studies occurred, covering

investigations into LLLT for neck pain (n=2), HILT in other
spinal disorders (n=3), HILT in fibromyalgia (n=1), an
inaccessible study (n =2), a letter to the editor (n=1), and
a study protocol for a RCT (n =1). Subsequently, from the
identification of studies via alternative methods, 27 studies
were excluded due to duplication with articles from formal
databases (n=22), being case reports of HILT (n=3), and
the treatment of migraine with HILT (n=1). Finally, a com-
prehensive compilation of twenty RCTs was included for the
purposes of this review, sourced from all available informa-
tion channels [15, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46]. Figure 1 succinctly sum-
marizes the detailed search strategy, utilizing the PRISMA
2020 flowchart [20].

The preliminary methodological quality of the articles
in this review was assessed using the PEDro scale (Table 1)
[24]. Tt was observed that 75% of the articles (n = 15) dem-
onstrated high quality, with PEDro scores equal to or greater
than five. The average score on the PEDro scale was 6 points.
Increased sensitivity was noted in specific criteria 3 (allo-
cation concealment), 4 and 5 (blinding of participants and
personnel), and 9 (declaration of intention-to-treat analysis).

RoB assessment is detailed in Fig. 2, conducted by
researchers (HDB, MAA, and REL) for the 20 included
RCTs. Concordance was notably high, as indicated by a
kappa coefficient of 0.89. Among Cochrane criteria, high

[ Identification of studies via databases and registers ] { Identification of studies via other methods J
—
Records identified from: Records  removed  before Records identified from: (n = 30)
s Databases (n = 1,989) SC’eefli"g: - Websites (n = 2)
= - PubMed (n = 55) - Duplicate records removed (n = o
S - Scopus (n = 409) o 1,338) - Organisations (n = 0)
:—E - g;t;\?—ifLs(ﬂe:f;S()n =995) - Records. marked as ineligible by - Citation searching (n = 0)
% - Science Direct (n = 1,025) automation tools (n = 0) Gi le Schol =28
2 ~ Cochrane CENTRAL (n = 261) - Records removed for other reasons - Google Scholar (n = 28)
- PEDro Database (n = 9) (n=0)
—
— !
Records screened > Records excluded
(n=651) (n =624)
: '
Reports sought for retrieval o Reports not retrieved Reports sought for retrieval - Reports not retrieved
= (n=27) i (n=0) (n=30) " (n=0)
=
o
: ! !
o
(2]
N Reports excluded: (n = 10 :(n=
Reports assessed for eligibility ~ P ) ) _( ) Reports assessed for eligibility -~ Reports excluded: (n =27)
(n=27) »| - HILT in other spinal disorders (n = 3) (n=30) P - Duplicate records removed (n = 22)
- HILT in fibromyalgia (n = 1) - AHILT narrative review (n =1)
- LLLT in neck pain (n = 2) - HILT case report (n = 3)
- Incomplete or not available article (n - HILT in migraine (n = 1)
=2)
v - A letter to the editor (n = 1)
—
Studies included in review - A study protocol of HILT in neck pain
3 (n=1)
3 (n=20)
t_‘-:’ Reports of included studies
3 (n=0)
)

Fig. 1 PRISMA flow chart diagram
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Fig.2 Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all included studies

RoB was observed in allocation concealment (criterion 2),
blinding of participants or therapists (criterion 3), and blind-
ing of assessors (criterion 4), with corresponding percent-
ages of 60.0%, 35.0%, and 30.0%, respectively. These find-
ings indicate the presence of selection, performance, and
detection biases. Conversely, RoB was lower for the ran-
domization process (criterion 1), main outcome selective
reporting (criterion 6), and the presence of incomplete data
(criterion 5), with percentages of 100% and 80.0%, respec-
tively. These suggest a reduced RoB regarding attrition and
reporting [23]. Criteria 3 exhibited the highest proportion
of unclear RoB at 40.0%, primarily attributed to insufficient
information in any of the included RCTs.

Study characteristics

Table 2 presents an overview of the distinctive aspects
of the included RCTs. The table shows the composition
of study groups, selection criteria, interventions, assess-
ments, and the relevant outcomes. These studies were con-
ducted over the period from 2013 to 2023 and included
locations such Egypt [30, 34-36, 39, 41, 45, 46], Italy
[28, 32, 38], Turkey [15, 33, 40, 41], Saudi Arabia [29],

Poland [31] and Iran [37, 38, 44]. The global participant
cohort comprised 1,263 individuals, with an average age
of 40.9 years (+8.8). Within this group, 438 participants
were male, 678 were female, and three studies did not
specify participant gender. The included RCTs investi-
gated HILT in diverse conditions, encompassing myofas-
cial pain syndrome [15, 34, 35, 37, 40, 42, 45], chronic
neck pain [29, 30, 38, 39, 41], cervical spondylosis [31,
32], cervical radiculopathy [33, 36, 43, 44, 46], and whip-
lash syndrome [28]. Among the study participants, a col-
lective of 608 patients underwent HILT treatment. Among
them, 285 patients received HILT exclusively, while 409
patients received HILT in combination with other physi-
otherapy modalities. These modalities included therapeu-
tic exercises [15, 29, 30, 32-34, 40-42, 44, 46], manual
therapy [29, 39, 44], therapeutic ultrasound [34, 40, 46]
TENS infrared light [36], neural mobilization [38], and
dry needling [42]. Control groups encompassed 502 par-
ticipants and were subjected to various treatments includ-
ing TENS [29, 32, 33, 40], therapeutic ultrasound (US)
[32-34, 40, 41, 46], manual therapy [29], infrared light
[36], neural mobilization [36], LLLT [30], cervical trac-
tion [31], and dry needling [37, 42]. Six studies integrated
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placebo HILT interventions within the control groups [15,
29, 30, 35, 43].

Outcomes of interest

Table 2 summarizes the outcomes of interest from the
included studies. The primary outcomes encompassed pain
intensity evaluated through VAS [15, 29, 31, 32, 33, 34, 35,
36, 37, 38,40, 41, 42, 43, 44, 45, 46], CROM measurement
with goniometry [15, 29, 31, 32, 33, 37, 39, 40, 41, 42, 43,
44, 45], and neck disability using the NDI [15, 29, 30, 31,
32, 36, 38, 39, 40, 41, 42, 43, 44]. Additionally, supple-
mentary outcomes reported by RCTs include pressure pain
threshold, assessed by algometry [35, 37, 39, 40], quality of
life assessed by the SF-36 questionnaire [15, 42], functional-
ity as gauged by the Neck Pain and Disability Scale (NPDS)
[33, 38], and electrophysiological parameters with electro-
myography [46]. All studies conducted measurements both
before and after treatment, with some including a 12-week
[15, 31, 43], 4-week [38], and 8-week follow-up [43].

Table 2 also presents a synthesis of pertinent findings
derived from the encompassed RCTs. Each study exhibited
statistically significant changes in pain intensity across all
groups (p < 0.05), comprising both the experimental (EGs)
and the control groups (CGs) during assessments sessions.
It is noteworthy that this reduction was particularly pro-
nounced for HILT upon treatment completion [15, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45].

Regarding CROM, a statistically significant enhancement
is observable within both groups after treatment. However,
these results are not conclusive, as certain RCTs illustrate
the superiority of HILT [29, 32, 35, 40, 42], while others did
not report substantial changes in favor HILT [15, 33, 37].

Disability assessments reveal statistically significant dif-
ferences (p <0.05) for both groups before and after treatment
(» <0.05), with HILT yielding more pronounced effects at
treatment culmination and during follow-up [30, 31, 33, 36,
37, 38, 39, 42].

Table 3 presents the characteristics of the lasers used in
the included studies. Within the RCTs, the predominant laser
equipment employed was Neodymium-doped Yttrium alu-
minum garnet crystal (Nd: YAG) lasers with a wavelength of
1,064 nm. Some studies also documented the use of wave-
lengths ranging from 808 to 980 nm, [30, 31, 41, 44, 46] as
well as equipment with dual or mixed emissions [28, 30, 34,
40]. The administered energy varied significantly, spanning
from 15 [35] to 2,957 J [44]. Supplementary parameters of
HILT, encompassing laser models, peak power (PP), mean
power (MP) pulse rates (Hz), phase duration, energy den-
sity (J/cmz), and treatment times, are delineated in Table 3.
Treatment sessions exhibited variability, ranging from 5 to
20 sessions over an average interval period of 4 to 5 weeks.

The application of HILT predominantly targeted the cervi-
cal paraspinal musculature and the upper portion of the trape-
zius muscle. The scanning technique was employed to manage
chronic neck pain [29, 30, 38, 39, 41] and cervical radiculopa-
thy [33, 36, 43, 44, 46]. Conversely, a spot technique was used
for whiplash [28], cervical spondylosis [31, 32], myofascial
pain [15, 34, 40] and chronic neck pain [35]. Notably, across
twelve trials, a combined approach involving both scanning
and spot techniques was proposed in various application
phases [15, 29, 30, 32, 37, 39, 41, 42, 43, 44, 45, 46].

Meta-analysis

Pain intensity. Seventeen studies were included in the anal-
ysis of the effects of HILT compared to other treatments
with respect to pain intensity in NP (VAS) [15, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 40, 41, 43, 45, 46], while 3
were excluded for presenting their results in terms of medi-
ans, [42], not having examined pain intensity with VAS [39]
and not presenting a control group [44] (Figs. 3 and 4).

The statistical approach used the Dersimonian-Laird ran-
dom effects method to calculate combined effect estimates
for MDs. A statistically significant difference was found for
pain at rest (MD =-14.05 mm; 95% CI:-18.44,-9.67;p < 0.01;
EG[n] =566, CG[n] =540) (Fig. 3A). Subgroup analysis
of neck-related disorders revealed statistically significant
changes for HILT in myofascial pain (MD =-15.15 mm;
95% CI:-21.20, -9.1; p <0.01; EG[n] =556, CG[n] =530)
(Fig. 4A), chronic neck pain (MD=-17.62 mm; 95%
CI:-25.2, -10.0; p<0.01; EG[n] =106, CG[n] =132)
(Fig. 4B) and cervical radiculopathy (MD =-13.82 mm;
95% CI:-23.7,-4.0; p<0.01; EG[n] =100, CG[n] =80)
(Fig. 4D). In the comparison between laser therapy and
placebo, HILT exhibited superiority at the end of treat-
ment MD=-11.4 mm; 95% CI:-22.7, -0.16; p<0.01,
EG[n] =148, CG[n] =147) (Fig. 4E). Regarding pain inten-
sity during movement, the analysis similarly favored HILT
(MD =-16.4 mm; 95% CI:-21.3,11.5; p<0.01 EG[n] =68,
CG[n]=67) (Fig. 3B), and this advantage was sustained
at the three-month follow-up MD=-12.17 mm; 95% CI:-
19.9, -4.4; p <0.01; EG[n] =154, CG[n] =155) (Fig. 3C).
The I? coefficient showed substantial heterogeneity in the
analyses [26, 46], except for pain intensity during move-
ment. Table 4 illustrates the level of evidence for statisti-
cally significant outcomes related to pain intensity in the
meta-analysis. Considering both the RoB and heterogeneity,
the evidence supporting HILT for pain intensity at rest, myo-
fascial pain, chronic neck pain, cervical radiculopathy, and
HILT versus placebo was deemed significant, albeit with a
very low level of certainty. Furthermore, the pain intensity
during movement was assessed with a very low level of evi-
dence [27, 47, 48].
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CROM. Figure 5 shows the meta-analysis pooled effect of
CROM for RCTs that have considered neck rage of movement
as an interesting outcome [15, 29, 31, 33, 35, 40, 41, 42, 45].
The analysis encompassed flexion, extension, and cervical incli-
nations, comprising a total of 9 articles, while neck rotations
were assessed by 8 articles. Two studies that assessed CROM
were excluded from the meta-analysis: one due to the absence
of a defined participant, specifically the movement evaluated,
and the other because they reported data in terms of medians
and interquartile ranges [36, 42]. The results show statistical
significance in favor of HILT for movements of extension, right
and left side bending, and right and left rotation, with a pooled
effect in terms of MDs of 3.93° (95% CI:1.28,6.29; p<0.01
EG[n]=271, CG[n]=251) (Fig. 5B), 2.63° (95% CI:1.23,4.03;
p<0.01; EG[n]=251, CG[n]=251) (Fig. 5C), 3.19° (95%
Cl:1.44,4.93; p<0.01; EG[n] =251, CG[n]=251) (Fig. 5D),
3.47° (95% CI:0.34,6.6; p=0.03; EG[n] =209, CG[n] =209)
(Fig. 5E), and 2.73° (95% CI:0.68,4.7; p <0.01; EG[n] =209,
CG[n]=209) (Fig. 5F) respectively. Moreover, cervical flexion
and rotation did not show differences between the groups after
treatment (p>0.05). All analyses exhibited a considerable I?
index [47]. The evaluation of the evidence suggests only impor-
tant changes for neck extension, although with a low level of
certainty. For the other CROMs, researchers assessed the evi-
dence as not important (Table 4) [27, 47].

Neck disability

An analysis of neck disability was carried out across twelve
RCTs depicted in Fig. 3D, all of which utilized the NDI as
the assessment tool [15, 29, 31, 32, 33, 35, 36, 38, 40, 41,
42, 45]. However, six of the remaining studies did not evalu-
ate disability [28, 34, 35, 37, 44, 45] One study employed
medians, making inclusion in direct comparisons challeng-
ing [44], and another exclusively employed the NPDS for
disability assessment [33, 38]. The findings reveal a statisti-
cally significant difference favoring HILT (MD =-8.3%; 95%
CI:-13.0,-3.5; p<0.01) [46]. Grounded in this outcome, the
evidence to the effectiveness of HILT in diminishing neck
disability is deemed not important and with low certainty
due to the RoB and inconsistency (Table 4) [27, 47].

Discussion

In this SR, the main purpose was to investigate the analgesic
effects of HILT compared to other physiotherapy modalities
in patients suffering from NP. The main results obtained
indicate that HILT has a positive effect on reducing pain
and disability in a variety of neck disorders, and it was also
found to influence certain CROM. However, it is important
to note that the reliability of some of these results may vary
due to the heterogeneity between the studies included in the

review, which also had an impact on the assessment of the
evidence collected.

HILT and pain

HILT proves to be effective in alleviating resting pain as
measured by the VAS, both when used in combination with
modalities like thermotherapy, therapeutic exercises, manual
therapy, TENS, and US, and when applied independently.
The pooled effect of these approaches results in a substantial
reduction in pain by -15.3 mm (95% CI:-20.1,-10.4), and this
pain relief endures for a duration of up to 3 months, with a
decrease of -12.1 mm. These findings hold clinical relevance
as they align with the minimal clinically important differ-
ence (MCID) reported for VAS in the literature, considered
to be -13.7 mm (95% CI:-17,-10) [49, 50]. Nevertheless, it is
crucial to exercise caution when interpreting this score, espe-
cially in patients with a baseline pain level exceeding 67 mm.
In such context, an MCID of at least -28 mm may be required
to indicate a more substantial change in the pain score [50].

All RCTs show statistical significance, but an analysis based
on the MCID suggests that the effects of HILT are stronger in
conditions like myofascial pain and chronic neck pain, than cer-
vical radiculopathy or spondylosis when comparing changes in
resting pain to baseline. These results are in line with subgroup
meta-analyses done on myofascial pain and chronic neck pain,
where the pooled effect size was assessed to be -15.2 mm (95%
CIL:-21.2,-9.1) and -17 mm (95% CI:-25.2,-10.0), respectively.
This suggests that HILT works better for non-degenerative
neck disorders, especially when using both pulsed and con-
tinuous spot and scan applications. This approach allows for
the combination of the analgesic effects of photobiomodulation
and thermotherapy [12-14, 19]. It is noteworthy that the rise
in temperature can affect the viscoelastic properties of tissues,
which is advantageous when considering the combination of
HILT with stretching exercises. This becomes particularly rel-
evant in conditions like myofascial pain or chronic neck pain,
where stretching exercises have shown significant improve-
ments in neck pain and play a crucial role in its prevention
[45]. Additionally, by facilitating the breakup of the muscle
spasm-pain cycle, the muscle relaxation that heat induces may
also contribute to its analgesic effect [13, 51].

The observed decrease in resting pain, both globally and
specifically in chronic neck pain and myofascial pain, line
up with the findings of other SRs on LLLT in NP. These
reviews have reported a reduction of -19.9 mm (95% CI:-
10.0,-30.0) when comparing LLLT with or without conven-
tional physical therapy [9, 10]. This establishes HILT as a
clinically comparable alternative to LLLT, with the decision
between the two potentially hinged on factors like resource
availability, cost, or individual preferences. Furthermore,
there is a need for comparative studies between these laser
modalities conducted under controlled conditions to assess
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Fig. 3 Forest plots for pain
intensity at rest (VAS) at the
end of treatment (3A), pain
intensity at movement (VAS)
(3B), pain intensity for follow-
up (3 month) (3C), and disabil-
ity after treatment (3D)

HILT Control

Study or Subgroup

Mean [mm] SD[mm] Total Mean [mm] SD[mm] Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Alayat (2017) [30] 19.6 101 25 472 38 50 63%
Sherif (2023) [48] 44.1 17110 68.6 16 10 39%
Alayat (2020) [35] 143 77 25 6 67 25 63%
Ahmed (2020) [34] 26 725 476 102 25 B2%
Taleh (2022) [40] 26 725 476 116 25 BA%
Shadly (2020) [36] 17 56 40 375 7120 64%
Kenareh (2021) [38] 23 52 30 43 52 30 65%
venosa (2019) [32] 15.6 71 42 312 75 42 65%
Dundar (2015) [15] 27 12 38 42 16 37 58%
Conforti (2013) [28] 20 124 84 348 133 51 6.2%
Ince (2023) [43] 19 118 30 a0 139 30 58%
Alayat (2016) [29] 17.7 73 30 283 79 30 63%
Ashour (2022) [41] 29.1 15 2 39 200 22 48%
Ramadan (2023) [45] 27 86 20 35 105 20 59%
Yilmaz (2020) [33] 17 108 20 19 107 20 58%
Paradnia (2020) [37] 29.4 147 15 26.3 151 15 48%
Haladaj (2017) [31] 5.6 1 86 3 132 B8 B.4%
Total (95% CI) 566 540 100.0%

Heterogeneity: Tau®= 74.99; Chi®= 236.22, df= 16 (P < 0.00001); F=93%
Test for overall effect: Z= 6.28 (P < 0.00001)

HILT Control

Study or Subgroup

Mean [mm] SD [mm] Total Mean [mm] SD[mm] Total Weight

-27.60 [-31.70,-23.50]
-24.50 [-39.01,-0.99]
-21.70 [-26.70,-17.70]
-21.60 [-26.45,-16.75]
-21.60 [-26.91,-16.29]
-20.50 [-24.06, -16.94]
-20.00 [-22.63,-17.37]
16,60 [18.72,-12.48]
-15.00 [-21.41,-8.59)
-14.80 [19.31,-10.29]
-11.00 [-17.55, -4.45]
-10.60 [-14.45, -6.75]
-9.90 [-20.44, 0.64]
-8.00 [-13.95,-2.05]
-2.00 [-8.66, 4.66]
310 [-7.56,13.76]
460[0.99,821]

-14.05 [-18.44, -9.67]

Mean Difference
IV, Random, 95% CI

K

20 -10 1
Favours HILT Favours control

Mean Difference
IV, Random, 95% CI

Ince etal. (2023) [40] 29 127 30 484 203 30 328% -19.40[27.97,-10.83]
Dundar etal. (2015) [15] 31 1M 38 46 15 37 67.4% -15.00[-20.97,-9.03] -
Total (95% CI) 68 67 100.0% -16.44 [-21.33,-11.54] 3
Heterogeneity: Tau®= 0.00; Chi*= 0.68, df=1 (P = 0.41); F=0% I =5 + 501
Test for overall effect: Z= 6.58 (P < 0.00001) Favours HILT Favours control
HILT Control Mean Difference Mean Difference

Study or Subgroup Mean [mm] SD[mm] Total Mean [mm] SD[mm] Total Weight IV, Random, 95% CI IV, Random, 95% CI

Ince etal. (2023) [40] 147 1.7 30 378 228 30 26.3% -23.10[32.27,-13.93] —

Dundar etal. (2015) [15] 3 12 38 41 14 37 336% -10.00[15.91,-4.08] —-—

Haladaj et al. (2017) [30] 38.8 83 86 45.6 87 83 401% -6.80 [-9.33,-4.27] -

Total (95% CI) 154 155 100.0% -12.17 [-19.89, -4.44] -

R= = =2(P= = k + + + {
Heterogeneity: Tau®= 37.11; Chi*=11.68, df= 2 (P = 0.003); F= 83% 50 25 0 25 50

Test for overall effect Z= 3.09 (P = 0.002)

Favours HILT Favours control

HILT Control Mean Difference Mean Difference

D Study or Subgroup Mean [%] SD[%] Total Mean[%] SD[%] Total Weight IV, Random, 95% CI IV, Random, 95% CI

Alayat (2017) [30] 17.8 35 25 481 46 50  87% -3030[3217,-28.43] -

Shady (2020) [36] 217 27 40 448 4 20 8.7% -23.10[-25.04,-21.16] -

Kenareh (2021) [38] 20 10 30 32 15 30 76% -12.00[18.45,-555] a—

Taleh (2022) [40] 8.1 26 25 16.3 4 25 B7%  -8.20[10.07,-6.33] -

Dundar {2015) [15] 211 6.3 38 26.6 71 37 85% -5.50[-8.54,-2.46] -

Ince (2023) [43] 10 47 30 15.3 6.6 30 85% -5.30 [-8.20,-2.40] -

Wenosa (2019) [32] 6.7 21 42 1.8 1.4 42 8.8% -5.10[-5.86,-4.34] -

Yilmaz (2020 [33] 239 108 20 267 178 20 67% -2.80[11.92,6.32] 71

Haladaj (2017) [31] 214 207 86 237 42 88 88% -2.30[3.28,-1.32] -

Alayat (2016) [29] 78 1.7 30 9.9 1.5 30 8.8% -210[-2.91,-1.29] -

Barassi (2021) [39] 14 4 10 16 4 10 8.4% -2.00[-5.51,1.51] -

Ashour (2022) [41] 137 10 21 121 8.4 22 7.9% 1.60[-3.93,7.13] T

Total (95% CI) 397 404 100.0% -8.25[-13.01,-3.48] -

Heterogeneity: Tau®= 67.04; Chi*= 1114.79, df= 11 (P < 0.00001); = 99% + 150 p +

Test for overall effect: Z= 3.38 (P = 0.0007)

their equivalence or potential differences. Also, the pain
reduction is in line with what was found in previous SRs of
HILT for musculoskeletal pain and myofascial pain, where
reductions of -13.0 mm (95% CI:-1.6,-1.0) and -19.0 mm
(95% CI:-2.58,-1.22) were seen, respectively [12, 13]. These
findings suggest that, irrespective of the specific musculo-
skeletal disorder, HILT demonstrates a consistent potential
for improving resting pain by at least -13 mm or more.
Compared with placebo, HILT is more effective, leading
to an average pain reduction of -18.5 mm (95% CI:-28.8,-
9.0). It is worth noting that the placebo laser was only used
in studies focused on cervical radiculopathy. Thus, while
HILT appears superior to placebo in this specific condition,
it cannot be generalized to other disorders based solely on
these results. There is evidence of a more significant anal-
gesic effect with HILT in relation to pain intensity during
movement, showing a reduction of -16.4 mm (95% CI: -21.3,
-11.5) when combined with exercises, TENS, or US com-
pared to the same interventions without HILT. While these
results are clinically relevant, it's important to note that the
number of RCTs in both the comparison with placebo and

@ Springer
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the assessment of pain during movement was limited. This
limitation raises the possibility of publication bias and high-
lights the need for further research.

Many RCTs have combined HILT with therapeutic exer-
cises, including stretching and resistance exercises. Neck
stretches have shown effectiveness in improving pain, flex-
ibility, and range of motion in patients with NP, with mod-
erate-quality evidence supporting their role in prevention
[52, 53]. Resistance exercises effectively reduce NP and
disability. However, there remains no consensus on the spe-
cific type and dosage of exercises [53]. Additionally, both
exercise approaches can enhance outcomes like CROM and
disability, whereas HILT may have a more limited impact
on these outcomes.

HILT and CROM

HILT effectively enhances CROM in extension, side-bend-
ing, and neck rotation, with statistically significant differ-
ences observed in both RCTs and meta-analyses. However,
the improvements fall short of reaching the MCID for
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intensity at rest (VAS) at the Alayat (2020) (35] 143 77 25 36 67 25 186% -21.70(25.70,-17.70] —-
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Heterogeneity: Tau®= 121.36; Chi*= 87.46, df= 4 (P < 0.00001); F= 95% —&'ED 255 ) + +

Test for overall effect: Z= 3.74 (P = 0.0002)

side-bending (LSB =5°;, RSB =3°) and rotation (RR=10°
LR =5°), demonstrating clinical relevance primarily in neck
extension (mean MCID =4°), where the pooled effect indi-
cates an increase of 3.9° (95% CI:1.28,6.29 [54].

The combination of heat and muscle stretching is rec-
ognized to enhance ROM, a principle that might extend to
HILT in conjunction with stretching [55]. The limited use
of stretching exercises, which were only done in cases of
myofascial pain and cervical spondylosis, could be to blame
for the lack of more noticeable clinical improvements in
CROM. Consequently, to achieve a more substantial impact
on CROM in various cervical conditions, the incorporation
of a specific stretching protocol might be necessary.

HILT mostly worked on the paravertebral and trapezius
muscles, avoiding the front of the neck, where sensitive
structures are located. The incorporation of other cervical
muscles into the treatment could potentially impact CROM;
however, HILT has limitations in this regard.

HILT and disability

The RCTs utilized the NDI as the primary tool for assess-
ing disability. The NDI, known for its robust validity and

- 25 a0
Favours HILT Favours sham HILT

reliability, comprehensively addresses common issues
across various neck pain conditions. The findings indicate
that HILT has a positive impact on disability, surpassing
conventional physical therapy. The meta-analysis reveals an
improvement of 8.3%, which is lower to the MCID for NDI
of 9.8% (equivalent to 6 points) [56].

A robust correlation exists between pain intensity and
disability, implying that a treatment with analgesic effects is
likely to impact disability [5]. However, the duration, inten-
sity, scope, efficacy, and significance of the pain all have an
impact on this relationship, indicating that improvements in
disability may not always follow a direct and linear pattern.

Despite its complexity, the assessment of disability is
essential due to its growing importance as a functional out-
come, especially in chronic disorders. Therefore, it is always
recommended to consider its evaluation in musculoskeletal
disorders.

Dosage recomendation
Although this SR shows obvious variability in the doses

used, the authors suggest a dosing recommendation for a
wavelength of 1.064 nm (more commonly used in RCTs).

@ Springer
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Table 4 (continued)

Importance
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Neck disability (NDI; 0~100%)

12

NOT IMPORTANT

8.3% lower

404

397

not serious? no

not serious®

serious?

12

yes®

RCT

SDO0

(13.0 lower to 3.5 Low

=95%

lower)

Abbreviations: CI, confidence interval; CROM, cervical range of movement; NDI, the Neck Disability Index; RCT, randomized controlled trial; VAS, visual anolog scale; MD, weighted mean

difference

Explanations: a. The high risk of bias was primarily related to concealed allocation (57.8%), blinding of participants/therapists (36.8%) and assessors outcome assessment blinding (26.3%).

RCTs rated incomplete data and selective reporting was rated as low RoB; b. The heterogeneity determines the inconsistency, depending on the 12 statistic (>50%); c. Considering a direct com-

parison of interventions and outcomes relevant to the study, with applicability to the clinical context, it was found that the indirect evidence held little significance; d. Imprecision was assessed

by examining the width of the confidence interval (CI) for the pooled mean difference, the crossing of the no-effect line in the meta-analysis, and the sample size (n <400); e. Insufficient studies
in the meta-analysis; f. Importance was gauged based on whether the pooled effect, expressed as MD, met a value recognized in the literature as a clinically important change (MCID)

Generally, applications are proposed in three phases, with the
magnitude of the thermal effect adjusted based on the average
power used to promote the effects of photobiomodulation or
thermotherapy. It is recommended to undergo an average of
8 to 12 sessions over a period of at least 4 weeks. Addition-
ally, the efficacy of HILT can be enhanced by incorporating
specific stretching and resistance exercises for the neck.

Myofascial pain

Phase 1: MP 3W, pulsed mode, 500 J, and scanning applica-
tion; Phase 2: MP 3W, pulsed mode, 10-15 J/MTrPs (at least
3 points), and punctual application; Phase 3: MP 8W, con-
tinuous mode, 500 J. Application for each upper trapezius
muscle and scanning application.

Chronic neck pain

Phase 1: MP 3W, continuous mode, 1.025 J, and scanning
application; Phase 2: MP 3W, pulsed mode, 25 J per point
(at least 8 points) and punctual application; Phase 3: MP
8W, 1.025 J, and scanning application. Cervical tracts and
upper trapezius applications.

Cervical spondylosis

Phase 1: MP 3W, continuous, 1,000 J, and scanning appli-
cation; Phase 2: MP 3 W, pulsed mode, 25 J per point (8
points) and punctual application; Phase 3: MP 7W, contin-
uous, 1250 J, and scanning application for upper trapezius
muscle and cervical tract (C4 to T4).

Cervical Radiculopathy

Phase 1: MP 3W, continuous mode, 625-840 J, scanning
application; Phase 2: MP 3W, pulsed mode, 33 J by point
and punctual application; Phase 3: MP 8W, continuous
mode, 625 J, scanning application. The application repli-
cates for the cervical tracts, upper trapezius muscle, and
interscapular region.

Limitations

This SR highlights its transparent approach, following the
PRISMA guidelines, and the registration of the protocol in
PROSPERO. However, certain limitations are recognized.

(1) Although eight sources of information were reviewed,
including formal databases and some sources of gray
literature, the authors cannot dismiss the possibility of
new articles emerging from other sources of "gray lit-
erature” [57].

@ Springer
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Fig.5 Forest plots for CROM
(goniometry) for flexion (5A),
extension (5B), right side bend-
ing (5C), left side bending (5D),
right rotation (5E), and left rota-

tion after treatment (5F)

(2) High heterogeneity between studies makes it difficult to

A HILT Control

Study or Subgroup _ Mean [grades] SD [grades] Total Mean [grades] SD [grades] Total Weight
Venosa (2018) [32] 156 71 42 541
Ashour (2022) [41] 625 8.9 2 B7.5
Dundar (2015) [15] 57.2 84 38 581
Yilmaz (2020) [33] 64.2 27 20 64.2
Ince (2023) [43] 474 42 30 47.4
Alayat (2016) [29] 58.6 32 30 53.7
Alayat (2020) [35] 59.5 32 25 52.6
Shady (2020) [38] 573 38 40 47.1
Taleb (2022) [40] 75.8 45 25 64.8
Total (95% CI) 21

Heterogeneity: Tau®= 203.00; Chi*= 1266.43, df= & (P < 0.00001); = 99%

Testfor overall effect: Z= 0.26 (P = 0.79)

3
122
8.8
28
4
29
22
49
85

B HILT Control

Study or Subgroup _ Mean [grades] SD [grades] Total Mean [grades] SD [grades]
Ashour (2022) [41] 58.3 17 2 63.9 153
Dundar (2015) [15] 521 88 38 525 7.3
Yilmaz (2020) [33] 538 1.7 20 538 2
Ince (2023) [43] 51.1 45 30 49.3 58
Venosa (2019) [32] 549 29 42 522 2
Alayat (2018) [29] 57.3 3.4 30 529 18
Shady (2020) [36] 59.4 45 40 52 31
Alayat (2020) [35] 61 41 25 525 18
Taleb (2022) [40] 608 7.6 25 498 76
Total (95% ClI) 21

Heterogeneity: Tau®= 10.56; Chi*= 106.82, df= & (P < 0.00001); F= 93%
Test for overall effect: Z= 3.28 (P =0.001)

Control

HILT
c Study or Subgroup Mean [grades] SD [grades] Total Mean [grades] SD [grades]

Ashour (2022) [41] 476 83 21
Dundar (2015) [15] 44.2 57 38
Yilmaz (2020) [33) 429 16 20
Ince (2023) [43] 8.7 59 30
Ramadan (2023) [45] 475 27 20
Alayat (2020) [35] 415 16 25
Alayat (2016) [29] 427 1230
Venosa (2019) [32] 403 14 42
Taleb (2022) [40] 422 29 25
Total (95% Cl) 251

Heterogeneity: Tau?= 3.40; Chi*= 75.01, df= 8 (P < 0.00001); *= 89%
Testfor overall effect: Z= 3.67 (P = 0.0002)

reach more solid conclusions about the evidence level

of HILT in pain, CROM, and disability.

Some RCTs have methodological limitations, such as
blinding and hidden allocation problems, which could
influence their results.

3)

@ Springer

547
455
423
355
443
382

39
355
352

141
6.1
2
6.7
37
28
1.4
15
51

HILT Control
D Study or Subgroup Mean [grades] SD [grades] Total Mean [grades] SD [grades]
Ince (2023) [(43] 35.4 6.2 30 35.7 7.2
Yilmaz (2020) [33] 424 1.8 20 423 14
Dundar (2015) [15] 156 67 38 453 6.9
Alayat (2016) [29] 4 26 30 385 11
Ashour (2022) [41] 54 83 2 50.7 10.6
Venosa (2018) [32] 395 35 42 35.2 26
Ramadan (2023) [45] 485 28 20 436 34
Alayat (2020) [35] 428 29 25 37.6 31
Taleb (2022) [40] 428 29 25 354 41
Total (95% Cl) 251
Heterogeneity: Tau®= 5.68; Chi*= 72.62, df= 8 (P < 0.00001); F=89%
Test for overall effect: Z= 3.59 (P = 0.0003)
HILT Control
E Study or Subgroup Mean [grades] SD [grades] Total Mean [grades] SD [grades]
Ashour (2022) [41] 7 1M1 2 734 9.3
Yilmaz (2020) [33] 66.5 52 20 67.2 43
Ince (2023) [43] 65.2 89 30 64.9 72
Dundar (2015) [15] 81.4 82 38 80.5 71
Alayat (2016) [29] 633 23 30 60.6 21
Ramadan (2023) [45] 852 57 20 a1 4
Alayat (2020) [35] 64.4 22 25 55.1 28
Taleh (2022) [40] 758 47 25 B5.4 56
Total (95% CI) 209
Heterogeneity: Tau®= 17 63; Chi*= 95.42, df= 7 (P < 0.00001); F=93%
Test for overall effect: Z= 217 (P = 0.03)
HILT Control
F Study or Subgroup Mean [grades] SD [grades] Total Mean [grades] SD [grades]
Yilmaz (2020) [33] B3.7 41 20 65.5 45
Ince (2023) [43] 643 105 30 64.8 8.4
Dundar (2015) [15] 83.1 73 38 82.2 77
Ashour (2022) [41] 737 118 2 725 111
Alayat (2016) [29] 638 2 30 60.9 26
Alayat (2020) [35] 59.5 32 25 55.3 4.4
Ramadan (2023) [45] 845 48 20 80.3 38
Taleh (2022) [40] 742 5.1 25 65.2 67
Total (95% CI) 209
Heterogeneity: Tau®= 5.96; Chi*= 30.89, df= 7 (P < 0.0001); *= 77%
Test for overall effect: Z= 2.61 (P = 0.009)
.
Conclusion

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

42 11.2% -38.50[-40.83,-36.17) -
22 107% -5.00[-11.36,1.36]
37 11.0% -0.90 [-4.80, 3.00]
20 11.2% 0.00-1.74,1.74]
30 11.2% 0.00[-2.08, 2.08
30 11.2% 4.90 [3.35, 6.45] -
25 11.2% 5.90 [5.38, 8.42] -
20 11.2% 10.20[7.74,12.66] -
25 111% 11.00[7.23,14.77] -
251 100.0% -1.26 [-10.63, 8.11]
-50 25 25 50
Favours control Favours HILT
Mean Difference Mean Difference
Total Weight IV, Random, 95% CI IV, Random, 95% CI
22 40% -510[14.92 472 P
37 102%  -0.40 [-4.06, 3.26] —
20 132% 0.00[1.15,1.15] T
30 116%  1.80[0.83 4.43] T
42 133% 2.70[1.63,3.77) -
30 13.0% 4.40[3.02,5.78] -
20 125% 7.40 [5.45, 9.35] -
25 127%  8.50[6.74,10.26] -
25 95% 11.00[6.79,15.21] —
251 100.0%  3.93[1.58,6.29] <&
ETED 10 20
Favours control  Favours HILT
Mean Difference Mean Difference
Total Weight IV, Random, 95% CI IV, Random, 95% CI
22 3.3% -7.10[13.98,-0.22)
37 97%  -1.30[3.97,1.37] —_—
20 137% 0.60(0.52,1.72
30 85%  1.20[1.99,4.39]
20 11.5% 3.20[1.19,5.21]
25 13.4% 3.30 [2.04, 4.58]
30 14.6% 3.70(3.04, 4.36]
42 148% 4.80[4.18,5.42] -
25 10.7% 7.00[4.70, 9.30] —_—
251 100.0% 2.63[1.23,4.03] &
10 5 5 10
Favours control Favours HILT
Mean Difference Mean Difference
Total Weight IV, Random, 95% CI IV, Random, 95% CI
30 91% -0.30[3.70,3.10] —
20 133% 0.10(0.90,1.10]
37 97%  0.30[2.78,3.39]
30 133% 2.50[1.49,3.51]
22 56%  3.30[2.38,8.99)
42 129% 4.30[2.98, 5.67]
20 11.8% 4.90[2.97,6.83]
25 12.4% 5.20[3.54, 6.86]
25 11.8% 7.40[5.43,8.37]
251 100.0%  3.19[1.44,4.93]
E R 5 10
Favours control  Favours HILT
Mean Difference Mean Difference
Total Weight IV, Random, 95% CI IV, Random, 95% CI
22 93%  -1.70[7.84, 4.44] —
20 128%  -0.70 -3.66,2.26] —
30 11.6% 0.30[-3.80,4.40] i
37 12.3%  0.90[2.57,4.37] -1
30 142% 2.70[1.59,3.81] -
20 127% 4.20[1.15,7.25] -
25 141%  9.30(7.90,10.70] -
25 128% 1040([7.53,13.27] -
209 100.0% 3.47 [0.34, 6.60] >
20 -0 10 20
Favours control Favours HILT
Mean Difference Mean Difference
Total Weight IV, Random, 95% CI IV, Random, 95% CI
20 139%  -1.80[4.47,0.87] —
30 81%  -050[531,431] e
37 121%  0.90[2.50,4.30] —1—
22 BO0%  1.20[5.65 8.08] —
0 17.2% 2.90[1.73,4.07] -
25 15.2% 4.20(2.07,6.33] —_
20 14.0% 4.20[1.57,6.83] I
25 12.4%  9.00[5.70,12.30] ——
209 100.0%  2.73[0.68,4.77] >
‘20 1 X 0

-10 10
Favours control Favours HILT

This SR underscores the efficacy of HILT in alleviat-
ing pain and reducing disability associated with cervical
spine conditions. Its most robust outcomes are observed

in myofascial pain and chronic neck pain, whether applied
alongside other physical therapy interventions such as
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therapeutic exercise, TENS, and US, or administered as a
standalone treatment.

Notably, the most significant improvements in CROM
occur in neck extension and side-bending, particularly
when combining HILT's punctual and scanning techniques
on adjacent muscles. In a clinical context, it is advisable
to integrate stretching and/or resistance exercises alongside
HILT to maximize the overall effectiveness of the treatment.
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