Journal of Back and Musculoskeletal Rehabilitation 33 (2020) 875-884 875
DOI 10.3233/BMR-191738
10S Press

Review Article

Effectiveness of high-intensity laser therapy
in the management of patients with knee
osteoarthritis: A systematic review and
meta-analysis of randomized controlled trials

Hyun Jin Song?, Hyun-Ju Seo”* and Donghwi Kim®

&College of Pharmacy, University of Florida, Gainesville, FL, USA

b College of Nursing, Chungnam National University, Daejeon, Korea

®Department of Orthopaedic Surgery, Chosun University Hospital, College of Medicine, Chosun University,
Gwangju, Korea

Received 19 August 2019
Accepted 16 July 2020

Abstract.

OBJECTIVES: High-intensity laser therapy (HILT) has recently been used to control pain and symptom improvement in knee
osteoarthritis. We performed a systematic review and meta-analysis of randomized controlled trials to assess the effectiveness of
HILT in patients with knee osteoarthritis.

METHODS: We conducted a search of articles in the MEDLINE, EMBASE, Cochrane CENTRAL, and Web of Science databases
up to March 2020 for randomized controlled trials investigating HILT intervention, placebo, or active intervention as comparator
groups for alleviating pain in knee osteoarthritis. Two independent reviewers evaluated the methodological quality and extracted
pain and functional outcomes using a pre-specified form. A meta-analysis was performed using an inverse-variance random effect
model. Heterogeneity was assessed using Higgins 12 with p-values.

RESULTS: Six randomized controlled trials (RCTs) were included in this meta-analysis. For VAS pain, 334 patients from four
studies showed that HILT significantly decreased pain compared to the control (MD, —1.18; 95% CI, —1.68 to —0.69). HILT
significantly improved WOMAC stiffness (SMD —1.00; 95% CI —1.32, —0.68) and function (SMD, —5.36; 95% CI —7.39 to
—3.34) compared to the control.

CONCLUSION: The effectiveness of HILT on pain, stiffness, and function in patients with knee osteoarthritis is promising.
However, due to the limited number of studies, further randomized controlled trials with large, well-designed samples are needed.
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WOMAC  Western Ontario and McMaster
Universities Osteoarthritis Index

MD Mean Difference

SMD Standardized Mean Difference

LLLT Low-Level Laser Therapy

RCT Randomized Controlled Trials

ROB Risk of Bias

KSCRS Knee Society Clinical Rating Score

mLPI modified Laitinen Patin Indicator

1. Introduction

Knee osteoarthritis is a difficult to cure, yet common
disease accompanied by disability in the elderly [1]. The
most common symptoms are pain and functional limita-
tions [2]. The main aims of the treatment are symptom
improvement and prevention of disease progression.

Treatment methods include medication, physiother-
apy, exercise, and surgery. Laser therapy has low ad-
verse reactions and is noninvasive and painless. In par-
ticular, low-level laser therapy (LLLT) is a known phys-
ical modality in patients with osteoarthritis. However,
literature shows that the results of this method may
vary. One systematic review showed that LLLT did not
significantly improve the pain, stiffness, and function,
when compared with a placebo in patients with knee os-
teoarthritis [3]. However, a significant improvement in
the pain, stiffness, and function in LLLT versus placebo
was recently reported in an update [4].

High-intensity laser therapy (HILT) has recently been
used for pain control. Although it was first applied
to destroy tissues, it is now being used to treat joint
pain [5,6]. It can stimulate larger and deeper targets
than the LLLT [7]. Due to its higher power than low-
level lasers, HILT has a shorter laser emission time and
a longer laser emission interval [8]. This new type of
HILT has been shown to have a positive effect on pain
reduction in various types of musculoskeletal pain, in-
cluding chronic low back pain, carpal tunnel syndrome,
and lateral epicondylitis [9-11].

A systematic review of the effectiveness of HILT
in patients with knee osteoarthritis was conducted un-
til August 2017 [12]; however, a well-designed ran-
domized controlled trial was published in 2018 [13].
In addition, a previous systematic review did not report
the pooled estimate of the effectiveness of HILT. Thus,
we sought to perform a systematic review and meta-
analysis of randomized controlled trials to investigate
the effectiveness of HILT on pain in patients with knee
osteoarthritis.

2. Methods
2.1. Literature search

We searched for articles in the MEDLINE, EM-
BASE, Cochrane CENTRAL, and Web of Science
databases from inception to March 14, 2020. Only
HILT-related terms were used and disease-related terms
were not included for a higher sensitivity of the search
strategy (Supplementary Table 1). In Web of Sci-
ence, the word ‘pain’ was added to the search. MeSH
terms and text words such as “high-intensity laser” and
“HILT” were used as part of the search strategy.

2.2. Study selection

Two independent reviewers selected the studies. In
the scenario of a difference of opinion between the
two reviewers, the selection was discussed with a third
reviewer. The inclusion criteria were adult patients with
knee osteoarthritis, HILT intervention (power 500 mW
or more) [14], placebo or active intervention such as
LLLT as comparator groups, those who reported pain
relief as the primary outcome, randomized controlled
trials (RCT) regardless of double-blindness, and peer-
reviewed original articles. Studies were excluded if they
did not include humans, pain associated with disease,
or were reviews or abstracts.

2.3. Quality assessment

The risk of bias (ROB) was used for the quality as-
sessment of the RCT study design [15]. We estimated
seven criteria including random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and funding source.
Low, unclear, and high levels were assessed for each
criterion. Two reviewers conducted the quality assess-
ment and another person joined the discussion if there
was a difference in opinion.

2.4. Data extraction

Two independent reviewers conducted the data ex-
traction using a pre-specified data extraction form.
Data on diagnosis, sample size, interventions, co-
interventions, mean age and standard deviation (SD),
the percentage of men, Kellgren-Lawrence (K-L) radi-
ological stage [16], evaluation point, country, and out-
comes were extracted. The primary outcome of interest
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Fig. 1. PRISMA flow diagram of study selections.

was pain and secondary outcomes were stiffness and
function using a disease-specific instrument. For the
HILT intervention, we collected data on the laser type,
wavelength, average output, energy density, J per point,
total dose, application time, frequency of treatment, and
number of repetitions.

2.5. Data analyses

The primary outcome of our study was pain; addi-
tionally, knee stiffness and function were secondary
outcomes. The pooled estimate was analyzed using an
inverse-variance random effect model for continuous
variables considering high heterogeneity. Mean differ-
ence (MD) for visual analogue scale (VAS) pain was
conducted due to the same unit, and standardized mean
difference (SMD) was utilized for the measurement of
different units. To combine outcomes, we used mean,
SD, and the number of patients. If standard error (SE)
or p-value was reported, SD was calculated using an
equation by the Cochrane group [17]. In the base-case
analysis, we prioritized the placebo comparison group
and subsequently the active comparison group (e.g.,
LLLT). If the study reported outcomes of more than
one group of HILT, we used the combined mean and
SD for meta-analysis by the Cochrane group [18,19].
If the study reported pain scores with several measure-
ments except for VAS, we chose the results of after-

treatment when the baseline scores between the HILT
control groups were similar.

Heterogeneity was assessed visually using a forest
plot and Higgins 12 with the p-value. A funnel plot
and Egger’s and Begg’s tests were conducted to iden-
tify publication bias. Based on the Cochrane guide-
lines [18], Egger’s and Begg’s tests could not be ap-
plied if fewer than 10 studies were included in the meta-
analysis. Subgroup analyses were performed for HILT
with or without exercise, follow-up period, and active
comparator groups. RevMan version 5.3 was used for
the meta-analysis.

3. Results
3.1. Literature search

A total of 1,182 articles were identified during the
initial search (Fig. 1). After excluding duplicate arti-
cles, the title or abstract was screened for 1,043 ar-
ticles. We reviewed 85 full-text articles and 80 arti-
cles were excluded because they did not include pa-
tients with knee osteoarthritis or a HILT therapy group,
contained ineligible study designs, no interest out-
comes reported, or were not original peer-reviewed
studies. Finally, six articles were included in this meta-
analysis [13,20-24].
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Fig. 2. Quality assessment of included studies using Risk of Bias Assessment tool for Non-randomized Studies (ROBANS). (a) ROBANS graph,

(b) ROBANS summary +: low risk of bias; —: high risk of bias.

3.2. General characteristics of the included studies

The mean age of the study populations ranged from
54 to 65 years (Table 1). Two studies included only men
and one study included only women. The percentage
of men in the remaining studies ranged from 31.4%
to 45.6%. The Kellgren-Lawrence (KL) radiological
grade was mostly grades IT and III. The countries where
the studies were conducted were Saudi Arabia, Bul-
garia, South Korea, Iran, and Poland. The final eval-
uation time points ranged from 2 weeks to 6 months.
Pain was assessed using the VAS and/or the Western

Ontario and McMaster Universities Osteoarthritis In-
dex (WOMAC), while stiffness and function were as-
sessed using the WOMAC and the Knee Society Clin-
ical Rating Score (KSCRS). VAS pain with a score
ranging from O (no pain) to 10 (unbearable pain) was
the primary outcome [25]. WOMAC is an arthritis-
specific instrument with four levels (none, low, mod-
erate, and severe) and three subscales (pain, stiffness,
and physical function) [26,27]; wherein higher scores
indicate higher disability. The Knee Society developed
the KSCRS [28], which includes pain, range-of-motion,
and function. High scores were 50, 25, and 50, re-
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Table 3
Subgroup analysis of HILT versus control in VAS pain for knee osteoarthritis
Subgroup Studies, n  Patients, n  Random effects, MD [95% CI]  Effect P 2 Heterogeneity P

Exercise co-intervention

With exercise 3 140 —1.51[—1.74, —1.28] < 0.001 0% 0.38

Without exercise 3 194 —0.68 [—1.14, —0.23] 0.003 40% 0.19
Follow up period

2 weeks 1 94 —0.25[—1.02, 0.52] 0.53 - -

4 weeks (1 month) 2 105 —1.85[—2.73, —0.98] < 0.001 90% 0.002

6 weeks 2 107 —1.11[—2.38, 0.15] 0.08 96% < 0.001

12 weeks (3 months) 3 177 —1.15[—1.82, —1.18] < 0.001 93% < 0.001

6 months 1 28 —1.70 [-3.08, —0.32] 0.005 - -
Comparator

HILT versus active comparator™ 3 193 —0.83 [—1.23, —0.42] < 0.001 48% 0.14

* Active comparator were low-level laser therapy (LLLT) and conventional physical therapy including transcutaneous electric nerve stimulation

(TENS) and ultrasound.

HILT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Alayatetal, 2017 273 069 23 405 079 22 185% -1.32[1.75,-0.89] —
Angelova & Elena, 2016 27 047 35339 047 37 215%  -069[077,-0.61] "
Gworys etal, 2012 315 219 B0 34 1.6 34 142%  -025[1.02 0.52] -
Kheshie etal, 2014 218 075 200 393 0703 18 17.9% -1.78[-2.26,-1.30] —_
Kirm etal., 2009 26 1.86 14 43 186 14 81% -1.70[3.08,-0.32]
Mazarietal, 2018 414 068 30 564 059 30 198%  -1.50[1.82,-1.18] -
Total {95% CI) 182 152 100.0% -1.18 [-1.68, -0.69] <
Heterogeneity: Tau®= 0.30; Chi®= 50.05, df= 5 (P < 0.000013; F= 90% f f f f

Test for overall effect 2= 4 67 (P = 0.00001)

0 2
Favours HILT Favours Control

4

Fig. 3. Mean difference in visual analogue scale (VAS) pain between HILT and control.

spectively, with high scores indicating severe prob-
lems. None of the studies reported adverse events. The
modified Latinen pain index (mLPI) includes four di-
mensions of intensity, frequency, analgesics, and so-
cial/professional activities and graded the pain into
three groups: slight pain (0—4 points), considerable pain
(5-8 points), and severe pain (9—12 points) [29]. Table 2
shows the characteristics of the HILT.

3.3. Quality assessment

The ROB results are presented in Fig. 2. Among the
included studies, 50% or more studies were estimated
to have a low risk for bias regarding the blinding of par-
ticipants or assessment, selective reporting, and fund-
ing source. The method of random sequence generation
in four studies was estimated to potentially be at risk
for bias. The proportion of low risk for bias in allo-
cation concealment and incomplete outcome data was
approximately 30%. The overall quality across studies
was fair, despite being vulnerable to selection bias and
detection bias of the included studies in this review.

3.4. Clinical outcome: Pain

A total of six studies that evaluated pain using the

VAS, including 334 patients, were included in the meta-
analysis. We used the combined mean and SD from
two HILT groups in Gwory et al.’s study. HILT was ob-
served to significantly decrease the knee pain compared
to the control (MD, —1.18; 95% CI, —1.68 to —0.69)
(Fig. 3). There was significant heterogeneity (I = 90%,
p < 0.001). The funnel plot showed that publication
bias could not be determined (Supplementary Fig. 1).
We performed a subgroup analysis of HILT with and
without exercise in both groups; three studies were in-
cluded in each subgroup (Table 3). The MD of HILT
with exercise was higher than that of HILT without ex-
ercise (MD, —1.51; 95% CI, —1.74 to —1.28; versus
MD, —0.68; 95% CI, —1.14 to —0.23), when compared
to the control. The longer the follow-up, the more de-
crease in the MD of HILT for pain was observed. In
three studies, the HILT for pain was improved com-
pared with active controls (MD, —0.83; 95% CI, —1.23
to —0.42).

No significant difference was observed in the random
effect model between the HILT and placebo for disease-
specific pain measures such as WOMAC, KSCRS, or
mLPI in five studies including 262 patients (SMD,
—1.31; 95% CI, —2.66 to 0.05), but there was signifi-
cant heterogeneity (I = 95%, p < 0.001).
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HIIL Placebo

Study or Subgroup  Mean SD Total Mean
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22 242 14
256 062 30

Total (95% CI) 87 81 100.0%

Heterageneity: Tau®= 0.00; Chi*= 2.70, df= 3 (P =044}, F=0%
Test for averall effect: Z=6.04 (P = 0.00001)

(a) stiffness
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Fig. 4. Mean difference in disease-specific measurement between HILT and control. (a) Stiffness, (b) function.

3.5. Clinical outcome: Stiffness

In four studies, 168 patients were included to de-
termine the pooling effectiveness of stiffness using
disease-specific measures. The SMD of HILT versus
placebo was —1.00 (95% CI —1.32, —0.68). Therefore,
HILT significantly decreased stiffness when compared
with the placebo (Fig. 4a). Heterogeneity of the pooling
effect was not significant (I2 = 0%, p = 0.44).

3.6. Clinical outcome: Function

Four studies, including 87 patients who received
HILT and 81 placebos, had pooled results using the
disease-specific function. Upon statistical analysis, it
was observed that HILT significantly improved func-
tion, compared with placebo (SMD, —5.36; 95% CI,
—7.39 to —3.34) (Fig. 4b). It should be noted that het-
erogeneity was significant (I = 89%, p < 0.001).

4. Discussion

Altogether, our meta-analysis showed that knee pain
in the HILT group was significantly lower than that in
the control group. HILT also significantly positively
affected stiffness and function.

These results are in agreement with those from a pre-
vious systematic review on LLLT versus placebo in pa-
tients with knee osteoarthritis [4,12]. A systematic re-

view evaluated the effectiveness of HILT and concluded
that HILT seemed to be efficient in the alleviation of
pain and improved function in knee osteoarthritis. How-
ever, the included studies were described narratively
and the pooled estimate with meta-analysis was not re-
ported [12]. Rayegani et al. found that VAS pain signif-
icantly decreased in the LLLT group (p = 0.03) com-
pared with the placebo group, while WOMAC stiffness
(p = 0.01) and function (p = 0.02) were significantly
improved [4]. However, the authors found that there
was no significant difference in WOMAC pain between
LLLT and placebo (p = 0.09). These results were also
similar to the results of our study. Furthermore, system-
atic reviews on the use of LLLT for pain included sev-
eral patient groups, including those with musculoskele-
tal disorders, low back pain, and neck pain [30-32].
These studies showed a significant decrease in pain in
the LLLT group for each of those disorders compared
with the placebo group.

We observed significant heterogeneity for VAS pain
and WOMAC function. Also, Rayegani et al. showed
significant heterogeneity for these two factors (I =
72%, p = 0.0007 and I? = 65%, p = 0.0009, respec-
tively). This may be caused by the diversity of the pop-
ulations. Two of the studies only included men, while
another study only included women. There may also be
diversity in the way of application of the HILT or the
tools used in each trial. Until our study, the standard pro-
cedure for the use HILT has not been identified. There-
fore, study results may differ depending on the type
of laser used, wavelength, average output power, en-
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ergy density, total dose, application time, frequency of
treatment, and/or method of application. The different
co-interventions could be another reason for the hetero-
geneity observed. Exercise and/or glucosamine/chon-
droitin sulfate were evaluated in three studies, while
the other three studies did not include co-interventions.
However, it is notable that the comparator was also a
co-intervention for the three studies.

This study has several strengths. To the best of our
knowledge, this is the first systematic review of pooled
estimates of HILT in patients with knee osteoarthritis.
Although previous systematic reviews have reported
on HILT in knee pain and its effectiveness has been
reported, the pooled effectiveness of HILT in knee pain
has not been estimated [12]. We could identify quanti-
tative estimates using a meta-analysis of HILT versus
control in patients with knee osteoarthritis.

We acknowledge that this study has several limi-
tations. First, the sample size of the studies included
in the meta-analysis was small. However, this review
could use the best available evidence supporting HILT
in patients with knee osteoarthritis. Second, we could
not compare the different types of laser therapy used
for optimal treatment. The laser therapy was diverse
according to the included studies. This is due to the fact
that standardized therapy has not yet been established.
Therefore, further studies are needed to confirm these
results. Third, significant heterogeneity was observed
in some outcomes. This may be due to the diversity of
the study populations, HILT application methods, and
co-interventions. Fourth, we only used HILT-related
terms in the search strategy. However, the sensitivity of
capturing plausible included studies can be heightened.

5. Conclusions

Through this meta-analysis, it is promising that the
HILT was effective for pain, stiffness, and function in
patients with knee osteoarthritis. The results need to be
confirmed with further studies due to the heterogeneity
of the data and various laser application methods. Fur-
ther well-designed randomized control trials with large
sample sizes are needed to determine the standardized
use of HILT.
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Supplementary data

Supplementary Table 1
Strategy for literature search

Search strategy

MEDLINE

1. HILT.mp.

2. High-intensity laser™.tw.

3. (high-intensity adj5 laser therap™).mp.
4.1or2o0r3

EMBASE

1. HILT.mp.

2. High-intensity laser™.tw.

3. (high-intensity adj5 laser therap™).mp.
4.1or2or3

Cochrane CENTRAL

1. High-intensity laser*:ti,ab,kw

2. High-intensity near/5 laser therap™ :ti,ab,kw
3.HILT

4. #1 or #2 or #3

Web of Science

1. TI = (HILT or high-intensity laser therap™)
2. TS = (high-intensity laser*)

3. TS = (pain) OR TI = (pain)

4. #2 AND #3
5.#1 OR #4
o SEMD} .
i [e]
o |
02t '
o %
04T i ]
06T :
o |
nat ;
| , MD
! 1 2 i 2 1

Supplementary Fig. 1. Funnel plot in visual analogue scale (VAS)
pain between HILT and control.



