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Effect of High-Intensity Laser Therapy on Carpal Tunnel
Syndrome Patients

A Systematic Review and Meta-analysis
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Hend R. Sakr, PhD, and Omnia M. ElGendy, PhD

Objective: To provide a strong foundation for the use of high-intensity
laser therapy in carpel tunnel syndrome, we conducted a systematic re-
view and meta-analysis to investigate the outcomes of short- and
long-term follow-up studies.

Design: This is a systematic review and meta-analysis.

Results: Sample sizes of included studies ranged from 16 to 98 patients
(N =308). Overall, a significant difference between the treatment and
control groups were found across majority of the measures. Studies
using a 4-wk follow-up period, however, only found significantly
greater benefits for high-intensity laser therapy in visual analog scale
compared with placebo (P = 0.0191), transcutaneous electrical nerve
stimulation (P = 0.0026), and low-intensity laser therapy 20 J/cm?>
(P <0.0002), and exercise (P < 0.0001). For improvement in visual an-
alog scale score over a long treatment period, high-intensity laser therapy
was also preferred over control group (P < 0.0071). Insufficient evi-
dence exists to determine effect of high-intensity laser therapy on nerve
conduction examinations. The only statistically significant differences
observed in examinations were in relation to sensory nerve action poten-
tial (P =0.0083) and sensory nerve conduction velocity (P = 0.0468).
Conclusions: Moderate evidence exists regarding efficacy of high-intensity
laser therapy compared with placebo, high-intensity laser therapy + wrist
splint, and exercise in a short period of follow-up time but evidence on
long-term follow-up is limited.

Key Words: High-Intensity Laser Therapy, Carpel Tunnel Syndrome,
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C arpal tunnel syndrome (CTS), the most prevalent neurop-
athy of the median nerve, accounts for 90% of all
neuropathies." Carpal tunnel syndrome affects 50 of 1000
adult population in the United States alone.>> It results from
compression of the median nerve as it passes through the

What Is Known

¢ High-intensity laser therapy (HILT) has been proposed as
a potential treatment for carpal tunnel syndrome (CTS),
but the efficacy of this treatment remains unclear.

What Is New

e Our meta-analysis confirms that HILT improves pain
levels in CTS patients compared with placebo, transcu-
taneous electrical nerve stimulation, low-intensity laser
therapy, and exercise within a short-term follow-up pe-
riod. In addition, HILT was found to be more effective
than control for long-term improvement in visual ana-
log scale scores. Despite insufficient evidence regarding
the impact of HILT on nerve conduction examinations,
our findings suggest that HILT may be a promising treat-
ment option for CTS.

osteofibrous canal at the wrist.** Compressive neuropathy
caused by edema, tendon swelling, hormonal problems, physical
activity, and other factors such as genetic predisposition, repeti-
tive hand use, or certain health conditions like diabetes or rheu-
matoid arthritis, can occasionally cause CTS.%” Numbness, tin-
gling, and weakness in the hand and arm are possible symptoms.
Different approaches and techniques have been addressed
for treatment of CTS. In severe cases, surgery is advised to cut
the transverse carpal ligament to increase space and relieve
pressure.® On the other hand, patients with mild to moderate
symptoms are typically given conservative treatment, which in-
cludes corticosteroids, vitamins, anti-inflammatory medica-
tions, yoga, carpal bone mobilization, and the use of hand
splints.>?"1® Although there are several alternatives for treating
CTS, the best treatment course of action is yet undetermined.
The American Association of Orthopedic Surgeons re-
ported that individuals with more severe and persistent CTS
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would not benefit from continuous conservative therapy.'' In
addition, it is inconsistent and difficult to draw conclusions
about the best CTS treatment methods due to a dearth of data.
For instance, in a systematic review by Hernandez-Secorun
and colleagues (2021),'? surgical treatment was found to be
preferable to splinting, anti-inflammatory medicines, and hand
therapy for treating CTS in the short-, medium-, and long-term
follow-up. The best therapies for CTS, however, according to
the study published by Martins and Siqueira,' include wrist
immobilization and corticosteroid injection.

As a noninvasive treatment option, laser therapy has lately
grown in popularity because it offers patients with CTS a quick
and efficient treatment option.'*"'® More significantly, low-level
laser therapy (LLLT) is widely used and has direct photochemical
activities that have a secondary biological impact as opposed to
heat effects.'>!¢ It is also believed that high-intensity laser therapy
(HILT) may be more effective because it penetrates more deeply
into the tissue and has slower light dispersion and absorption.'®
Effects of HILT include improved mitochondrial oxidative re-
sponses, higher DNA and ATP regeneration, increased tissue
stimulation, and reduced pain and inflammation.'®' High-
intensity laser therapy parameters have been described in detail
by Xie and colleagues,** suggesting relative uniformity across
studies. The present evidence, however, does not provide strong
evidence that HILT is more effective than LLLT or other therapy
in terms of clinical and electrophysiological CTS features.

According to research by Li et al.,>* LLLT improves grip
strength more than placebo does, but there is no discernible
difference in functional status improvement, pain relief, or
motor electrodiagnostic assessments. According to Franke
et al.,”* LLLT was also shown to be more effective than pla-
cebo in the short term before the beneficial effects started to
wear off. Most studies contrasting HILT with other treatment
options for CTS and other musculoskeletal disorders found
that there is no significant difference between them, while
others report the significance in terms of improving pain
and functional status of patients.'®2%-2125-28 Unfortunately,
the findings in the literature are contradictory and may be
explained by the variety of elements such as laser font, dos-
age intensity, application length, and various approaches
used to analyze the outcomes. 4%

There is neither a systematic review nor a meta-analysis that
evaluated the effectiveness of HILT in treatment of CTS so far.
Given the evidence gap in the field, this study aims to (1) pro-
vide an overview and synthesis of the research on the efficacy
of HILT in the treatment of CTS and (2) provide a strong foun-
dation for the use of HILT in CTS through exploring the out-
comes of short- and long-term follow-up studies, as well as their
cost-effectiveness and degree of significance. Fulfillment of
these aims makes this systematic review the first of its type to
evaluate the impact of HILT on CTS patients globally.

METHODOLOGY
We conducted this systematic review following the reporting
guidelines established by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses guideline. The protocol was
registered in the International Prospective Register of Systematic
Reviews, CRD42022345819, on July 22, 2022, see PRISMA
checklist, http://links.lww.com/PHM/C570.
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Eligibility Criteria

Studies were included based on the “population,” “inter-
vention,” “comparator/control,” “outcomes,” and “study de-
sign” (PICOS) described below.

P: Patients with carpal tunnel syndrome (CTS).

I: High-intensity laser therapy (HILT).

C: Sham, surgery, ultrasound, TENS, OR low-level laser
therapy (LLLT).

O: Pain, grip strength, symptoms severity, and functional status.

S: Randomized controlled trials (RCTs).

Furthermore, studies that met the following criteria were
included: the studies involved adult participants of both sexes
older than 18 yrs diagnosed with mild to moderate carpal tun-
nel syndrome. The treatments administered were compared
with no treatment, placebo, sham treatment, drug treatment,
or other physical therapies like TENS or LLLT. The studies
used pain and electrophysiological findings as primary out-
come measures. They used function, grip strength, and pinch
strength as secondary outcomes. The findings were presented
quantitatively as before and after treatment comparisons. Stud-
ies published in language other than English and have PEDro
scale less than 5 were excluded. In addition, preprints, trial pro-
tocols, and reviews were excluded from this study.

Electrophysiological measures, particularly in CTS, offer
two critical benefits. First, diagnostic confirmation is a benefit
to electrophysiological tests, such as nerve conduction studies,
because they offer objective evidence of a median nerve dys-
function at the wrist and help in establishing the severity of
CTS. Thus, by considering studies that used these measures,
we ensured that the diagnosis of CTS in the included studies
was confirmed through objective, standardized methods. Sec-
ond, efficacy of treatment is a benefit of electrophysiological
measures because postintervention changes in these measures
shed light on the therapeutic efficacy of the treatment modalities.
Improvements in parameters like nerve conduction velocities or
latency times can be indicative of alleviated nerve compression
and enhanced neural function. Such changes can reflect the ther-
apeutic efficacy of the interventions on the neural physiology
within the carpal tunnel.

For the purpose of this review, our primary interest was in
studies that reported changes in electrophysiological measures
after treatment. However, given the diagnostic importance of
these measures, we also ensured that the included studies had
confirmed the CTS diagnosis using electrophysiological tests.
This approach allowed us to achieve a comprehensive assess-
ment of the direct effects of interventions on neural function
in the carpal tunnel and the associated symptomatic relief.

STUDY SEARCH AND SELECTION

The literature search technique was developed using the
main key words and Boolean operators, and/or see Supplemen-
tary Material S1, http:/links.lww.com/PHM/C571. Then, the
search strategies were customized to suit each database. Trials
published on PubMed, Embase, the Cochrane Central Register
of Control Trials, Scopus, Web of Science, and CINAHL data-
bases were searched from inception to October 2022. In addi-
tion, the reference lists of relevant articles were manually
searched to identify relevant studies missed during searching.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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All retrieved articles were imported into the Mendeley ref-
erence manager software (2008 Glyph & Cog, LLC.), where
duplicate articles were manually removed. The remaining stud-
ies were screened independently by two authors based on the
prespecified eligibility criteria. Any disagreement between
the two authors was resolved by other authors. The screening
of the articles was done in two phases. In the first phase, we
evaluated the titles and abstracts of each article according to in-
clusion and exclusion criteria. When it was impossible to in-
clude or exclude studies based on their titles and abstracts, ar-
ticles were moved to phase 2 for full-text assessment. In the
second phase, the full texts of all the articles included in phase
one were reviewed. During the full-text review, reasons for the
exclusion of each document were recorded and justified.

DATA EXTRACTION

Two independent reviewers extracted data from the in-
cluded studies and recorded it using a standardized extraction
form guided by the CONSORT checklist for reporting of RCTs
and the Template for Intervention Description and Replication
checklist for intervention reporting. The extracted data in-
cluded the following: baseline characteristics of participants;
general criteria of included studies; primary outcomes includ-
ing visual analog scale (VAS; pain scale [1-10]) score, symp-
tom severity scale (SSS) score, and functional status score
(FSS); secondary outcomes including sensory nerve action po-
tential (SNAP), sensory distal latency (SDL), motor distal la-
tency (MDL), compound muscle action potential (CMAP),
and grip strength. Disagreements were resolved on the opinion
of a third reviewer.

RISK OF BIAS ASSESSMENT

The PEDro 11-point scale was used to judge the quality of
included studies according to excellent, good, fair, and low for
a score of 29, 6-8, 5, and <5, respectively. Two authors inde-
pendently assessed the risk of bias and quality of each article,
and disagreements were resolved through discussion among
authors. In this study, articles with a score less than 5 were con-
sidered having high risk of bias and therefore not included.
Meanwhile, those with a score greater than 5 were considered
moderate to low risk of bias.

STATISTICAL ANALYSES

RevMan software version 5.4 was used for data analysis.
The results of continuous outcomes were presented as stan-
dardized mean difference (SMD). Meta-analysis was only con-
ducted when at least two RCTs used the same outcome mea-
sure. To determine whether fixed-effects or random-effects
models were best suited for analysis, statistical heterogeneity
was evaluated using Cochran Q test and quantified through
the I statistic. According to Higgins et al. (2003),%° the /? sta-
tistic describes the percentage of variation across studies that
are due to heterogeneity rather than chance. The /* value was
also assessed, with a value of 50% or higher regarded as substan-
tial heterogeneity. This metric describes the variation percentage
across studies due to heterogeneity rather than chance. Hence,
when the 7 was greater than 50%, the pooled data were ana-
lyzed using a random-effects model, as this model accounts
for heterogeneity and variability between studies. Alternatively,

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

a fixed-effects model was used for the analysis when * was
lower than 50%, as this model assumes that all studies have
the same underlying effect size. All analyses were set to have a
statistical significance of P <0.05, which indicates that the find-
ings are unlikely to occur by chance.

RESULT AND DISCUSSION

Study Characteristics

The primary search resulted in 693 articles, from which
569 articles were removed (124 duplication, 311 primary
screening, and 258 title/abstract/full-text screening). In all, 258
full texts were assessed for eligibility, and seven trials were in-
cluded in this study. The major reasons for exclusion were as fol-
lows: the studies were reviews, non-RCT, not reported outcome
of interest, and unclear methods (PICO definition) (Fig. 1).

The sample size in analyzed studies ranged from 16 to 98
patients, with a total of 308 study participants. The majority of
enrolled patients in included studies were females, with an age
range of 30-58 yrs. The effectiveness of HILT was compared
against placebo in one study,' physical therapy or exercise in
two studies,'**? and other treatments like LLLT and TENS in
three studies'®26233% (see Table 1 for details). Furthermore,
Ezzati et al.'® assessed the effectiveness of HILT based on
their dose.

Table 2 provides details of HILT methods for the treatment
of CTS patients. High-intensity laser therapy with a wave-
length of 830-1064 nm, energy density of 8250 J/cm?, and
power average of 3.2—-600 W, used for a follow-up period of
2—12 wks with a total therapy session range of 1015, was thus
included in the analysis. Presented in Table 3 are the details of
data extraction used in meta-analysis, such as the VAS, SSS,
FSS, SNAP, SDL, MDL, CMAP, CSI, and grip strength.
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Additional records identified
through other
sources
(n=0)

|

Records after duplicates removed *
(n=569)

) [ aeetttcaon ]

Screening

[

]

] [ Eligibility

Included

Records screened

Records excluded after

(n=569)

l

Full-text articles assessed
for eligibility

title and abstract review
(n=311)

Full-text articles excluded,
with reasons
(n=251)

(n=258)

l

Studies included in
qualitative synthesis
(n=7)

l

J

FIGURE 1. The Preferred Reporting Items for Systematic Reviews and
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TABLE 1. Study characteristics included in this systematic review and meta-analysis

Subjects (F =Female,

Authors Country Method M = Male) Age
Casale et al.*® (2013) Italy GI: HILT 10 (5F 5 M) 573+129
G2: TENS 10 5F 5M) 56.8 + 12
Sudiyono and Handoyo® (2020) Indonesia G1: HILT 8 (8F,0 M) 39.38 +7.41
G2:LLLT 8 (7E 1 M) 41.63+5.63
Pattapong et al.>! (2016) Thailand G1: HILT + Splint 15(15F 0 M) 54.60 + 10.582
G2: placebo + Splint 15(14E 1 M) 52.53 + 12.200
Tabatabai et al.** (2016) Iran GI: HILT 15 (15 F, 0 M) 53.6 (8.59)
G2: HILT + TENS 15 (13 F, 2 M) 48.60 (9.40)
G3: TENS 15 (10 F, 5 M) 58.62 (2)
Ashour et al.'* (2023) Egypt G1: HILT + Physical therapy 27 (27 E 0 M) 30.55 (5.31)
G2: Physical therapy only 27 (27 E 0 M) 30.07 (5.76)
Hojjati et al.** (2020) Iran G1: HILT + splint 15 469+ 1.7
G2: LLLT + splint 15 487+19
G3: Splint 15 469 + 1.7
Ezzati et al.'® (2020) Iran G1: LLLT (8 J/em?) 20 4850 (11.01)
G2: LLLT (20 J/em?) 19 4732 (9.15)
G3: HILT (8 J/em?) 20 46.7 (8.89)
G4: HILT (20 J/cm?) 19 49.84 (7.16)
G5: Control 20 49.4 (6.88)

Except for one study,? all included articles reported mean
and SD value of the clinical and electrodiagnostic parameters
as shown in Tables 3 and 4, where within- and between-group
difference are presented. Regarding outcomes, SSS and FSS
were reported in two studies, SNAP and MDL in four studies,
DSL in one study, as well as CMAP and nerve conduction ve-
locity in three studies (Tables 3, 4).

In- and Between-Group Difference

Studies included reporting the in- and between-group dif-
ferences and testing the significance level accordingly. The
summary statistics for each study are presented in Table 3,
demonstrating that the treatment and control groups were pro-
vided with pre and post mean and standard deviation with
pre-post correlation ( P) between groups.

From the included RCT studies, only a few studies have
shown a statistically significant difference between the treat-
ment HILT group and control groups. Casale and colleagues®
performed a paired 7 test, which revealed that VAS score signif-
icantly improved, indicating a reduction in self-reported pain in-
tensity, in patients treated with HILT (decrease = 2.1, P =0.024)

and only marginally improved in patients treated with TENS
(decrease = 0.4, P = 0.047); MDL significantly improved in
the HILT group (decrease = 0.3, P = 0.028), remained un-
changed in the TENS group ( P = 0.15), and sensory nerve con-
duction velocity (SNCV) significantly improved in the HILT
group than in the control group. Similar to this, Tabatabai et al.>*
used a paired ¢ test to report mean changes in the HILT and con-
trol groups before and after treatment. They found that the mean
VAS score, and pain intensity scores in the HILT group, signif-
icantly decreased after treatment, while there was no significant
decrease in the TENS group.

The clinical parameters were measured in mild to moderate
CTS patients, and the results from Pattapong and colleagues®!
revealed statistically significant improvements in the HILT
group compared with baseline at 4 and 12 wks, but nonsignif-
icant differences across groups at 4 wks. In addition, at 12 wks
into the program, only the VAS parameters in the intervention
group had substantially better results than those in the control
group (P = 0.016). When comparing baseline and treatment
outcomes within the same group as well as across the groups
at baseline and 12 wks after treatment, the majority of

TABLE 2. Details of HILT method used in the treatment of CTS

Wavelength, Energy Power Frequency, Total
Authors nm Density, J/em? Average, W Hz Time Per Point Duration Therapies
Casale et al.2® (2013) 830-1064 nm 250 J cm 2 25W 100 secs for 1 point 3 wks 15
Sudiyono and 1064 nm 10 J/em? and 120 J/em? 12W 2 wks 10
Handoyo>* (2020)

Pattapong et al.*>' (2016) 808 and 905 nm 15.01 Jem? 700 Hz 10 mins for 2 points 4 and 12wks 12
Tabatabai et al.>* (2016) 808 nm 6.5 J/em? 3.2 W-600 W 7 secs for 2 points 2 wks 10
Ashour et al.'* (2023) 64717 8W 25 Hz 3 secs for 1 point 5 wks 15
Hojjati et al.*? (2020) 1064 nm 20 J/em? 5W 36 secs for 1 point

Ezzati et al.'® (2020) 808 nm 8 and 20 J/cm? 1.6 W 10Hz 100 and 250 secs for 1 point 2 wks 10

982 | Www.ajpmr.com
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TABLE 3. In- and between-group differences reported in mean (X), SD, and P value for clinical parameters

HILT Treatment Control
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Author (Year) Comparison Outcome Follow-up Pre X Pre SD Post X Post SD SS Pre X Pre SD Post X PostSD SS P
Pattapong et al.>!' (2016) Placebo VAS <4wks 449 277 127 124 15 277 289 243 2.08 15 0.07
Pattapong et al.>' (2016) Placebo VAS >4 wks 449 277 1.37 126 15 277 289 329 262 15 0.016
Tabatabai et al.>* (2016) TENS VAS <4wks 693 223 457 207 15 6.03 258 561 258 15 0
Casale et al.*® (2013) TENS VAS <4wks 6.6 1.1 4.4 1.4 10 6 0.8 5.6 1 10 044
Ezzati et al.'® (2020) LILT 8 J/em®>  VAS <4wks 6.8 1.6 217 148 20 677 147 477 115 20 0.02
Ezzati et al.'® (2020) LILT 20 J/em®  VAS <4wks 694 171 4.02 12 19 678 131 4.89 1.03 19 0.05
Ezzati et al.'® (2020) Exercise VAS <4wks 6.8 1.6 217 148 20 705 17 6.55 1.16 20 0.05
Pattapong et al.>' (2016) Placebo SSS <4wks 217 039 1.63 036 15 214 0.66 1.9 0.67 15 0.189
Pattapong et al.>' (2016) Placebo FSS <4wks 179 047 1.42 035 15 1.67 069 141 0.58 15 0.962
Pattapong et al.>' (2016) Placebo SSS >4wks 2.17 039 153 028 15 214 066 2.06 097 15 0.05
Pattapong et al.>' (2016) Placebo FSS >4wks 179 047 1.4 035 15 1.67 0.69 1.6 0.66 15 0.332

electrophysiological parameters did not reveal any statistically
significant changes.

Suzyono and Handoyo> (2020) revealed that other neuro-
physiological variables were the same before and after therapy.
However, after the therapy, the CSI value of the HILT group
significantly improved. Both groups showed a marked rise in
the SNCV score. Although the intergroup comparison was de-
termined to be insignificant, the MDL value considerably
dropped in the HILT group. In addition, Ezzati et al.'® demon-
strated a significant difference in pain relief between the HILT
20 J/em? group and the control group (P < 0.02). They also
found a significant interaction between group and time for
the latency of CMAP (P < 0.001), indicating that the effect
of the treatment group on CMAP latency varied over time.
Finally, Ashour et al.'* (2022) showed through post hoc analy-
sis using the Tukey test that posttreatment pain intensity de-
creases were significant in both the HILT and control groups
(P < 0.001). In addition, a comparison of the pain levels be-
tween the two groups showed that the HILT group’s pain level
was considerably lower than the control group’s (MD =—2.48,
t=-5.41, P<0.001).

Meta-analysis

The clinical parameter of the patient’s VAS score was
computed based on the comparison group and test duration.

We defined less than 4 wks as a short period and more than 4
wks as a long period in the analysis because the included trials
used different follow-up durations for clinical or electrophysi-
ological testing. Overall, the majority of the measures showed
a significant variation between the treatment and control
groups. Studies using a 4-wk follow-up period were combined
to compare HILT with any type of intervention (placebo,
TENS, LLLT 8 J/em?, LLLT 20 J/cm?, and exercise). Because
of limited number of studies, we performed a subgroup analysis
for HILT versus TENS alone; because to perform meta-analysis,
we need at least two studies. Accordingly, the meta-analysis
result shows significant favor for HILT compared with any inter-
vention (SMD = —0.99 [-1.66 to —0.31], P < 0.004). Similarly,
the subgroup analyses confirm a significant favor for HILT com-
pared with TENS (SMD =-0.62 [-1.20 to —0.05], P <0.03). Fur-
thermore, the results of individual studies reported a significant
favor for HILT in VAS scores for the comparison groups of pla-
cebo, LLLT 20 J/em? exercise (P < 0.05).'82%3! For improve-
ment in VAS score over a long treatment period, HILT was also
preferred over control group (Fig. 2, Table 3).

Table 4 provides summaries of the various electrodiagnostic
parameters that were assessed to examine how HILT affected
CTS. The clinical and electrodiagnostic parameters assessed
are shown in Figure 3. Contrary to clinical assessments, the
majority of nerve conduction examinations revealed moderate

TABLE 4. In- and between-group differences reported in mean (X), SD, and P value for electro diagnostic parameters

HILT Treatment Control

Author (Year) Outcome Pre X PreSD PostX PostSD SS PreX PreSD PostX PostSD SS P
Tamlaoor et al.>® (2016) CMAP 6.7 2.44 7.21 233 15 634 202 5.6 1.62 15 0.041
Tamlaoor et al.>* (2016) Motor Distal Latency  5.06 1.57 4.75 1.52 15 477 146 4.89 141 15 038
Tamlaoor et al.>* (2016) SNAP 16.54 1131 19.71 1275 15 1758 822  20.05 887 15 0934
Tamlaoor et al.>® (2016) SNCV 4512 105 46.9 11.9 15 46.57 119 49.12 727 15 0489
Tabatabai et al.** (2016) CMAP 5481 1932 304 1404 15 52 17.028 43.18 175 15 0.002
Casale et al.?® (2013) Motor Distal Latency 4.5 0.6 42 0.3 15 48 0.6 49 0.7 15 0.07
Casale et al.*® (2013) SNCV 332 53 36.3 35 15 333 4.8 324 4.7 15 035
Ezzati et al.'® (2020) CMAP 53.37 7.3 57.94 729 20 5047 @ 8.57 51.73 846 20 0.05
Ezzati et al.'® (2020) SNAP 452 0.31 4.09 045 20 422 055 437 063 20 0.12
Sudiyono and Handoyo®® (2020) Motor Distal Latency ~ 4.59 0.19 4.39 0.26 8 534 146 52 148 8 0.527
Sudiyono and Handoyo® (2020) SNCV 40.11 517 4328 4.04 8 3675 574 3949 626 8 0.735
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup ~ Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 VASHILT Vs, Any intervention
Casaleetal, 2013 44 1410 86 1 10 141%  -D84[1.88-0.01) —r
Ezafietal, 2020 7148 20 477115 20 174% 1920269116 e
Patapongetal, 2016 127 124 15 243 208 15 170%  -D86{1.40,008] ——
Tabatabaietal 2016 457 207 15 6§61 258 15 182%  -043[01.16,029 — T
Subtotal (95% CI) 60 60 67.7% -0.99[1.66,-0.31] ’
Heterogeneity. Tau?= 0.31; Chi*= 8.80, df= 3 (P = 0.03), F= 66%
Testfor overall effect Z= 287 (P= 0.004)
1.4.3VASHILT Vs, TENS
Casale etal, 2013 41410 86 1 10 141%  -D94[188-001) —]
Tabalabaietal 2016 4567 207 15 661 258 15 182%  -043[1.16,029 T
Subtotal (95% CI) 25 25 3% 062[4.20,-0.05] .
Heterogeneity. Tau?= 0.00; Chi*= 0.72, af =1 (P = 0.40); F= 0%
Testfor overall effect Z= 2.14 (P=0.03)
Total (95% CI) 85 85 100.0%  -0.88[1.35,-041] L 2
Heterageneity: Tau?= 0.18; Chi*=10.48, df= 5 (P = 0.06); P=52% 14 12 % 41

Testfor overall efiect 2= 3.66 (P = 0.0003)
Testfor subaroun diferences: Chi*= 0.64,df= 1 (P= 0.42), F= 0%

FIGURE 2. Summaries of the clinical parameter meta-analysis findings.

heterogeneity but no statistically significant differences be-
tween the two groups. However, some individual studies'®
reported statistically significant differences were seen for
SNAP (SMD = —0.8737 [-1.5224 to —0.2250], P < 0.008)
and SNCV (SMD = 0.7513 [0.0108 to 1.4918], P < 0.046).

DISCUSSION

In this study, we evaluated the efficacy of HILT in the con-
text of tendon gliding exercises, TENS, placebo LLLT, various
HILT and LLLT dosages, and HILT plus physical therapy. In a
short period of follow-up, we have discovered compelling data
supporting the efficacy of HILT in improving measures of pain
and electrophysiology, compared with placebo, HILT plus wrist
splint, and exercise. When it comes to long-term follow-up, only
comparison with the placebo group showed notable difference.
In addition, it was discovered that the HILT group was success-
ful in treating mild to severe carpal tunnel syndrome when the
combined wavelengths of 830 and 1064 nm were used, as well
as increased energy transfer. Both short- and long-term

Std. Mean Difference

Favours [experimental] Favours [control]

follow-up periods revealed insufficient evidence for HILT’s im-
pact on electrodiagnostic variables (SNAP, SDL, MDL, CMAP,
grip strength).

In line with Ezzati et al.,'® we agreed that studies reporting
significant treatment effectiveness in pain improvement had
common features like: long-term follow-up period, higher en-
ergy and power, patients did not use other interventions, and
the treatment was used for at least 10 sessions.

Moreover, the pooled, standardized mean difference for pain
improvement in HILT group was —0.8981 (—1.6490 to —0.1472),
P < 0.0191, compared with placebo, —1.5348 (—2.5321 to
—0.5376); P < 0.0026, compared with TENS, and —1.3092
(-1.9921 to —0.6262), P < 0.0002, compared with LLLT
20 J/em?, and —1.9972 (-2.7560 to —1.2385); P < 0.0000,
compared with exercise only group. A recent systematic re-
view that assessed the impact of HILT on pain and function
in patients with spinal disorders found that HILT combined
with exercise was significantly more effective than placebo
HILT combined with exercise in terms of pain reduction
(SMD =-1.11 [-1.42 to —0.80], P < 0.00001) and functional

Std. Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgroup Mean S Total Mean SD Total Weight IV, Random, 95% CI
1.22CMAP
Ezafietal, 2020 5794 729 20 5173 846 20 108%
Patiapong et al, 2016 23 15 56 162 15 100%
Tabatabai et al, 2016 304 1404 15 4318 175 15 10.0%

Subtotal (95% CI) 50 50 308%
Heterogeneity Tau® = 0.64; Chi*= 1173, of = 2 (P = 0.003), F= 83%
Testfor overall effect 2= 0.52 (P = 0.60)

1.2.3 DML

Casale etal, 2013 4203 15 49 07 15 87%
Pattapong etal, 2016 475 152 15 489 141 15 102%
Sudiyono &Handoyo, 2020 439 026 8 52148 8 81%

Subtotal (95% CI) 38 38 280%
Heterogeneity. Tau? = 0.24; Chi= 465, df= 2 (P = 0.10); F=57%
Testfor overall effect 2= 1.80 (P=0.07)

1.24 SNAP
Ezatietal, 2020 400 045 20 437 083 20 109%
Pattapong et al, 2016 1971 1276 15 2005 887 15 102%

Subtotal (95% CI) 3% K iRE
Heterogeneity: Tau?= 0.00; Chi*= 0.94, df= 1 (P=0.33); F= 0%
Testfor overall eflect Z=1.22 (P=0.22)

1.2.5 SNCV

Casale etal, 2013 363 35
Pattapong etal, 2016 469 119 15 4012 727 15 102%
Subtotal (95% CI) 30 30 204%
Heterogeneity. Tau?= 0.50; Chi*= 4.54, df=1 (P = 0.03); F=78%

Testfor overall effect Z= 0.60 (P = 0.55)

15 324 47 15 09%

Total (95% CI) 153 153 100.0%
Heterogeneity Tau®= 0.39; Chi*= 33.77, df= 8 (P < 0.0001); F= 73%

Testfor overall effect 2= 0.42 (P = 0.68)

Testfor subaroun differences: Chi*= 3.43,df= 3 (P=033),F=125%

FIGURE 3. The clinical and electrodiagnostic parameters included.
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High-Intensity Laser Therapy for CTS

improvement (SMD = —1.03 [-1.33 to —0.72], P < 0.00001),
and HILT combined with conventional physiotherapy was
found to produce better results.'®

In addition, according to a study by Wyszynska and Bal-
Bochenska,®> HILT seems to be efficient in reducing pain
and providing functional improvements in patients with knee
osteoarthritis. Furthermore, Ezzati et al.'® evaluated the effi-
cacy of HILT in musculoskeletal pain management and found
similar results in terms of HILT effectiveness, and the authors
concluded that it is too early to determine that HILT may be
an effective noninvasive agent in the management of musculo-
skeletal pain. They discovered that combining HILT with re-
lated cointerventions may enhance its beneficial effects.

Laser therapy has grown in popularity as a noninvasive
treatment option because it offers patients with carpal tunnel
syndrome a quick and efficient treatment option. This study
provides evidence about the efficacy of high-intensity laser
therapy for treating CTS. While two studies are a minimum
number to perform a meta-analysis, provided that they can be
meaningfully pooled and their results are sufficiently similar.
Because the results of HILT versus placebo, HILT versus
LLLT and HILT versus exercises on VAS were reported in a
single study; we did not pool the results to perform a meta-
analysis. Similarly, SSS and FSS were reported in a single
study, and a meta-analysis of these outcomes was not per-
formed. These are the major limitation of this study.

CONCLUSIONS

Strong to moderate evidence supports the efficacy of
HILT when compared with placebo, HILT + wrist splint, and
exercise in the short term. High-intensity laser therapy also
showed significant pain relief over longer periods when com-
pared with a placebo. However, for other comparison groups,
the evidence is limited or inconsistent. Studies demonstrating
HILT’s notable efficacy often used multiple treatment sessions,
longer follow-ups, higher energy and power settings, and HILT
as a standalone treatment. However, because of methodological
differences and limited robust evidence, definitive conclusions
about HILT’s efficacy for CTS remain elusive. The optimal pa-
rameters, doses, and combinations for HILT in treating CTS are
still uncertain, warranting further research.

REFERENCES

1. Chammas M, Boretto J, Burmann LM, et al: Carpal tunnel syndrome—part I
(anatomy, physiology, etiology and diagnosis). Rev Bras Ortop 2014;49:429-36

. Aboonq MS: Pathophysiology of carpal tunnel syndrome. Neurosciences (Rivadh)
2015;20:4-9

. Werthel JD, Zhao C, An KN, et al: Carpal tunnel syndrome pathophysiology: role of
subsynovial connective tissue. J Wrist Surg 2014;3:220-6

4. Pourmemari MH, Shiri R: Diabetes as a risk factor for carpal tunnel syndrome: a systematic

review and meta-analysis. Diabet Med 2016;33:10-6

5. Wipperman J, Goerl K: Carpal tunnel syndrome: diagnosis and management. Am Fam
Physician 2016;94:993-9

. Padua L, Di Pasquale A, Pazzaglia C, et al: Systematic review of pregnancy-related carpal
tunnel syndrome. Muscle Nerve 2010;42:697-702

7. Shiri R, Pourmemari MH, Falah-Hassani K, et al: The effect of excess body mass on the risk
of carpal tunnel syndrome: a meta-analysis of 58 studies. Obes Rev 2015;16:1094-104

. Abicalaf CA, De Barros N, Sernik RA, et al: Ultrasound evaluation of patients with carpal
tunnel syndrome before and after endoscopic release of the transverse carpal ligament. Clin
Radiol 2007,62:891-4 discussion 895-6

. Huisstede BM, Hoogvliet P, Franke TP, et al: Carpal tunnel syndrome: effectiveness of
physical therapy and electrophysical modalities. an updated systematic review of randomized
controlled trials. Arch Phys Med Rehabil 2018;99:1623-1634.e23

S}

w

=N

o

N3

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

32

33.

34.

3s.

. Huisstede BM, Hoogvliet P, Randsdorp MS, et al: Carpal tunnel syndrome. Part I:

effectiveness of nonsurgical treatments—a systematic review. Arch Phys Med Rehabil 2010;
91:981-1004

. Brophy RH, Fillingham YA: AAOS Clinical Practice Guideline Summary: Management of

Osteoarthritis of the Knee (Nonarthroplasty), Third Edition. J Am Acad Orthop Surg 2022;30:
e721-9

. Hernandez-Secorun M, Montaiia-Cortés R, Hidalgo-Garcia C, et al: Effectiveness of

conservative treatment according to severity and systemic disease in carpal tunnel syndrome: a
systematic review. Int J Environ Res Public Health 2021;18:2365

. Martins RS, Siqueira MG: Conservative therapeutic management of carpal tunnel syndrome.

Argq Neuropsiquiatr 2017;75:819-24

. Ashour AA, Yehia RM, ElMeligie MM, et al: Effectiveness of high intensity laser therapy on

pain, grip strength and median nerve conductivity in pregnant women with carpal tunnel
syndrome: a randomized controlled trial. J Hand Ther 2023;36:536-45

. Badil Giiloglu S, Bilgilisoy Filiz M, Kili¢ KK, et al: Treatment of carpal tunnel syndrome by

low-level laser therapy versus corticosteroid injection: a randomized, prospective clinical
study. Lasers Med Sci 2022;37:2227-37

. Cheung WKW, Wu IXY, Sit RWS, et al: Low-level laser therapy for carpal tunnel syndrome:

systematic review and network meta-analysis. Physiotherapy 2020;106:24-35

. Jiménez Del Barrio S, Bueno Gracia E, Hidalgo Garcia C, et al: Conservative treatment in

patients with mild to moderate carpal tunnel syndrome: a systematic review. Neurologia (Engl
Ed) 2018;33:590-601

. Ezzati K, Laakso EL, Salari A, et al: The beneficial effects of high-intensity laser therapy and

co-interventions on musculoskeletal pain management: a systematic review. J Lasers Med Sci
Winter 2020;11:81-90

. Alayat MSM, Elsodany AM, El Fiky AAR: Efficacy of high and low level laser therapy in the

treatment of Bell's palsy: a randomized double blind placebo-controlled trial. Lasers Med Sci
2014;29:335-42

Ordahan B, Karahan AY, Kaydok E: The effect of high-intensity versus low-level laser therapy
in the management of plantar fasciitis: a randomized clinical trial. Lasers Med Sci 2018;33:
1363-9

Yilmaz M, Tarakei D, Tarakei E: Comparison of high-intensity laser therapy and combination
of ultrasound treatment and transcutaneous nerve stimulation on cervical pain associated with
cervical disc herniation: a randomized trial. Complement Ther Med 2020;49:102295

Xie Y-H, Liao M-X, Lam FMH, et al: The effectiveness of high-intensity laser therapy in individuals
with neck pain: a systematic review and meta-analysis. Physiotherapy 2023;121:23-36

Li ZJ, Wang Y, Zhang HF, et al: Effectiveness of low-level laser on carpal tunnel syndrome: a
meta-analysis of previously reported randomized trials. Medicine (Baltimore) 2016;95:e4424
Franke TP, Koes BW, Geelen SJ, et al: Do patients with carpal tunnel syndrome benefit from
low-level laser therapy? A systematic review of randomized controlled trials. Arch Phys Med
Rehabil 2018;99:1650-1659.¢15

Fiore P, Panza F, Cassatella G, et al: Short-term effects of high-intensity laser therapy versus
ultrasound therapy in the treatment of low back pain: a randomized controlled trial. EurJ Phys
Rehabil Med 2011;47:367-73

Casale R, Damiani C, Maestri R, et al: Pain and electrophysiological parameters are improved
by combined 830-1064 high-intensity LASER in symptomatic carpal tunnel syndrome versus
transcutaneous electrical nerve stimulation. A randomized controlled study. Eur J Phys
Rehabil Med 2013;49:205-11

Song HJ, Seo HJ, Lee Y, et al: Effectiveness of high-intensity laser therapy in the treatment of
musculoskeletal disorders: a systematic review and meta-analysis of randomized controlled
trials. Medicine (Baltimore) 2018;97:¢13126

Starzec-Proserpio M, Grigol Bardin M, Fradette J, et al: High-intensity laser therapy (HILT) as
an emerging treatment for vulvodynia and chronic musculoskeletal pain disorders: a
systematic review of treatment efficacy. J Clin Med 2022;11:3701

Rayegani SM, Moradi-Joo M, Raeissadat SA, et al: Effectiveness of low-level laser therapy
compared to ultrasound in patients with carpal tunnel syndrome: a systematic review and
meta-analysis. J Lasers Med Sci Fall 2019;10(suppl 1):S82-s89

Higgins JP, Thompson SG, Deeks JJ, et al: Measuring inconsistency in meta-analyses. BMJ
2003;327:557-60

. Pattapong N, Wongwanna K, Tamlaoor P, Jaion P. Effectiveness of Multiwave Locked System

Laser therapy in treatment of Carpal Tunnel Syndrome Patients. Naresuan University Journal:
Science and Technology (NUJST) 2016;24:24-35

Hojjati F, Afjei MH, Ebrahimi Takamyjani I, et al: The effect of high-power and low-power lasers on
symptoms and the nerve conduction study in patients with carpal tunnel syndrome. A prospective
randomized single-blind clinical trial. J Lasers Med Sci Fall 2020;11(Suppl 1):S73-s79

Sudiyono N, Handoyo R: Comparison of high-intensity and low-level laser therapy effecton
combined sensory index, sensory conduction velocity and distal motoric latency: a study in
moderate carpal tunnel syndrome patients. J Med Sci (Berkala llmu Kedokteran) 2020;52. doi:
10.19106/IMedSci005204202006 10/06/2020

Tabatabai SMR, Bashardoust Tajali S, Attarbashi Moghadam B, et al: Effects of high-power
diode laser irradiation combined with electrical stimulation on wrist pain and function
following carpal tunnel syndrome. J Clin Physiother Res 2016;1:61-7

Wyszynska J, Bal-Bocheniska M: Efficacy of high-intensity laser therapy in treating knee
osteoarthritis: a first systematic review. Photomed Laser Surg 2018;36:343-53

Www.ajpmr.com | 985

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



