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Abstract

This study aimed to provide preliminary evidence for the efficacy of invasive laser acupunc-
ture (ILA) for chronic non-specific low back pain (CNLBP). This was a single-center, ran-
domized, patient and assessor-blinded, placebo-controlled, parallel-arm, clinical trial with a
1:1:1 allocation ratio that included a full analysis set. Forty-five participants with CNLBP
were randomly assigned to the control group (sham laser), 650 group (650 nm-wavelength
ILA), or 830 group (830 nm-wavelength ILA) (n = 15/group). All participants received ILA for
10 min, followed by electroacupuncture for 10 min on the same day. The treatment was per-
formed once per day, twice per week for 4 weeks at bilateral BL23, BL24, BL25, and GB30.
The primary outcome was the among-group difference of changes in the visual analog scale
(VAS) scores at intervention endpoint (week 4). The secondary outcomes were the among-
group difference of changes in VAS at 4 weeks after intervention completion (week 8), those
in the Korean version of the Oswestry Disability Index (ODI) and the European Quality of
Life Five-Dimension- Five-Level (EQ-5D-5L) at intervention endpoint (week 4) and 4 weeks
after intervention completion (week 8). The VAS scores of the 650 group decreased signifi-
cantly compared with those of the control group (p = 0.047; week 4 vs. week 0). The ODI
scores of the 650 group (p = 0.018, week 4 vs. week 0; p = 0.006, week 8 vs. week 0) and
830 group (p = 0.014, week 4 vs. week 0) decreased significantly compared with those of
the control group. There was no adverse event related to ILA and no significant difference in
changes in vital signs among the three groups. The 650 group showed significant improve-
ments in pain intensity and functional disability. The 830 group showed significant improve-
ments in functional disability. Therefore, ILA therapy at 650 nm and 830 nm wavelengths
can be used to treat CNLBP.
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Introduction

Chronic non-specific low back pain (CNLBP) is a common health problem; it is considered to
be a multifactorial disorder comprising interactions of musculoskeletal pain and psychosocial
factors [1,2]. CNLBP is defined as pain and discomfort localized in the lumbosacral region
with no specific underlying pathological causes that persists for more than 3 months [3,4].
Functional limitations and consequent disability caused by CNLBP not only affect daily activi-
ties and quality of life but also increase health care expenditures [5].

The guidelines for CNLBP recommend treatment comprising the use of non-steroidal anti-
inflammatory drugs, antidepressants, exercise therapy, and psychosocial interventions [6,7].
Acupuncture has been used for the treatment of CNLBP mainly by those who practice comple-
mentary and alternative medicine [8]. However, the recommendations for acupuncture are
inconsistent. Of eight treatment guidelines, only four recommend the use of acupuncture [6].

Laser acupuncture (LA) (the use of a low-level laser [LLL]) to stimulate acupoints) is con-
sidered a safe treatment modality because of its painless and noninvasive nature [9]. LA is pri-
marily used to treat arthralgia or musculoskeletal pain; however, some studies have
investigated its efficacy for treating CNLBP [10,11]. The efficacy of LLL therapy (LLLT),
including LA for CNLBP, has not been established. A Cochrane report [12] concluded that
there were insufficient data to draw firm conclusions on the clinical effect of LLLT for low
back pain (LBP). There is a need for further methodologically rigorous randomized controlled
trials (RCTs) to evaluate the effects of LLLT. Several systematic reviews and meta-analyses
[13-15] have suggested that LLLT including LA may have a significant positive effect on
reducing pain. However, there is still a lack of high quality evidence supporting its efficacy.
Rigorously blinded trials are needed to confirm the efficacy of LLLT for CNLBP and identify
the optimal LLLT parameters. Several studies have reported that LA did not show significant
effects compared with sham laser for patients with LBP [16-18]. The methods of LLLT used in
previous studies were noninvasive and there was no study on invasive laser [12-18].

Noninvasive LA is applied to the skin at acupoints using a laser-emitting device that can be
used as an alternative to needles. Invasive LA (ILA) involves the simultaneous application of
invasive acupuncture treatment at acupoints and focused laser irradiation using a laser
machine connected to an acupuncture needle consisting of an optical fiber-coupled laser
diode [19]. Previous studies have shown that ILA has significant effects on neuropathic pain
[20,21] and osteoarthritis [22] in rat models. However, clinical evidence obtained from rigor-
ous RCTs regarding the efficacy and safety of ILA for CNLBP is lacking. Therefore, we con-
ducted this pilot study to obtain basic data regarding the efficacy of ILA for CNLBP by
comparing the efficacy of ILA at different wavelengths.

Materials and methods

This study adhered to the standard protocol items of the Recommendations for Interventional
Trials (SPIRIT) statements [23] and Consolidated Standards of Reporting Trials (CONSORT)
guidelines [24]. The detailed methods of this study have been disclosed in a previous publica-
tion [19].

Study design

This study was a prospective, patient and assessor-blinded, parallel-arm, single-center (Dong-
shin University Gwangju Korean Medicine Hospital, Republic of Korea) RCT with a 1:1:1 allo-
cation ratio. A total of 45 participants who met the inclusion criteria were randomly allocated
to the control group (sham laser; n = 15), 650 group (650 nm-wavelength ILA; n = 15), or 830
group (830 nm-wavelength ILA; n = 15). The participants received ILA for 10 min followed by
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electroacupuncture (EA) for 10 min on the same day. The treatment was performed once per
day, twice per week, for 4 weeks at bilateral Shenshu (BL23), Qihaishu (BL24), Dachangshu
(BL25), and Huantiao (GB30) points.

Outcome measurements were determined at baseline (week 0), 4 weeks after the first inter-
vention (week 4; end of the intervention), and 4 weeks after the completion of the intervention
(week 8). The study design is summarized in Table 1.

Ethical considerations

This study was conducted in accordance with the Declaration of Helsinki. The study protocol
(version 1.2) was approved by the Institutional Review Board (IRB) of Dongshin University
Gwangju Korean Medicine Hospital (approval no: DSGOH-2019-004; approval date: April 17,
2020) before the trial began. This trial was registered at the Clinical Research Information Ser-
vice (cris.nih.go.kr; registration number: KCT0004610; registration date: January 7, 2020). The
purpose and potential risks of this study were fully explained to all participants, and all partici-
pants provided written informed consent before participating in the study.

Participant recruitment

We recruited participants at Dongshin University Gwangju Korean Medicine Hospital in the
Republic of Korea between May 12, 2020 and September 17, 2020. The clinical research

Table 1. Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement.

STUDY PERIOD

Enrolment Allocation Post-allocation Close-out
TIMEPOINT Screening Visitl-2 Visit3-4 Visit5-6 Visit7 Visit8 Visit9

Week 1 2 3 4 4 8
ENROLMENT
Informed consent X
Sociodemographic profile X
Medical history X
Vital signs X X X X X X X X
Inclusion/exclusion X
criteria
Allocation X
VAS X
INTERVENTIONS
ILA(sham, 650 nm, 830 nm) X X X X X
EA X X X X X
ASSESSMENTS
Change of medical history X X X X X X
Safety assessment X X X X X X
VAS X X X
Scores for ODI, X X X
EQ-5D-5L X X X

ILA, invasive laser acupuncture; EA, electroacupuncture; VAS, visual analog scale; ODI, Korean version of the Oswestry Disability Index; EQ-5D-5L, European Quality

of Life Five Dimension Five Level Scale.

https://doi.org/10.1371/journal.pone.0269282.t001
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coordinator (CRC) continuously monitored the medical conditions of the enrolled partici-
pants to maximize adherence to the intervention protocols.

Participation

The inclusion criteria were as follows: age between 19 and 70 years; presence of CNLBP for at
least the previous 3 months; score of >40 points on a 100 mm visual analog scale (VAS) for
pain at the time of screening; fluency in Korean language adequate for reliable completion of
all study assessments; and voluntary provision of informed consent.

The exclusion criteria were as follows: radicular pain or progressive neurological deficits;
diagnosis of a serious spinal pathology (cancer, recent vertebral fracture, spinal infection, or
inflammatory spondylitis); presence of a serious chronic disease (cancer; severe cardiovascular,
cerebrovascular, liver, or kidney disease; or diabetic neuropathy); history of treatment for alco-
hol/drug dependency or mental illness (schizophrenia, dementia, or epilepsy) during the 6
months preceding enrollment; LBP not caused by a spinal or soft tissue disease (trauma, anky-
losing spondylitis, fibromyalgia, rheumatoid arthritis, or gout); presence of contradictions for
LA or EA, such as blood clotting abnormalities (hemophilia), severe skin disease in the lumbar
region, presence of metallic devices in the lumbar spine, or presence of electronic medical
devices (pacemaker); previous lumbar spinal surgery within lyear or scheduled procedures
during the study period; pregnancy or planning to become pregnant; and concurrent partici-
pation in other clinical trials.

The dropout criteria were as follows: <75% compliance with the protocol procedures; inci-
dence of serious adverse events (AEs); reluctance to continue participation in the trial; incom-
plete data that could influence the results; and large protocol error or significant deviation in
implementation.

Randomization and blinding

After acquiring written informed consent and completing baseline measurements, the 45
enrolled participants were assigned serial numbers generated using SPSS version 21 (IBM
Corp., Armonk, NY, USA) and randomly allocated to one of the three study groups (n =15
per group). The serial number codes were inserted in opaque envelopes that were sealed and
stored in a double-locked cabinet.

We adopted a patient and assessor-blinded trial procedure. Real laser and sham laser had
no differences in appearance, feel, or sound. During the course of this clinical trial, the assessor
did not contact any participant at any point of time other than the time of assessment. Hence,
participants and assessor remained blinded to the treatment allocation until study completion.
A statistician with no conflicts of interest performed the analysis. However, because of the
nature of ILA treatment, investigators could not be blinded. The CRC generated the allocation
sequence, enrolled the participants, and assigned them to groups.

Intervention

The participants received treatment once per day, twice per week, for 4 weeks. The treatment
was administered by Korean physicians who were licensed to administer treatment and had 6
years of formal university training to practice Korean medicine. ILA and EA treatment were
performed using a medical device (Ellise; Wontech Co. Ltd., Daejeon, Republic of Korea)
capable of laser irradiation and electrical stimulation. It is composed of a main body consisting
of a laser output device and an electrical stimulator, a sterile, stainless steel, disposable acu-
puncture needle (external diameter, 0.3 mm; inner diameter, 0.15 mm; length, 30 mm) in
which an optical fiber is inserted, optical fiber-coupled laser diode (650 nm used the InGaAIP;
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830 nm used the GaAIAs) and an electrical stimulus clip. The parameters of the ILA are 20
mW for power, 12 J/point for energy dose, 63.69 W/cm? for power density, and 38216.56 J/
cm? for energy density. With the participants in the prone position, the needles were vertically
inserted in bilateral Shenshu (BL23), Qihaishu (BL24), Dachangshu (BL25), and Huantiao
(GB30) points [25,26]. The depths of insertion were between 9 mm and 30 mm, depending on
the location of the needle [27]. Noninvasive LA is applied to the skin at acupoints. In contrast,
the ILA used in our study was irradiated at the tip of the acupuncture needle under the skin.
Manual stimulation was not performed. The participants received ILA (control group, sham
laser; 650 group, 650 nm-wavelength laser; 830 group, 830 nm-wavelength laser) for 10 min,
followed by EA for 10 min on the same day. The control group underwent the same proce-
dures as the ILA group, but the laser was not turned on. No differences in observations, feel-
ings, or sounds were observed among the three groups during the procedure. Hence, all
participants were blinded to the group selection. During the study period, the participants
were allowed to continue routine management regimens and existing medications. However,
they were not permitted to engage in other treatments to ameliorate CNLBP symptoms.

Outcome measurements

Primary outcome was the among-group difference of changes in VAS at intervention endpoint
(week 4). The secondary outcomes were the among-group difference of changes in VAS at 4
weeks after intervention completion (week 8) and those in the Korean version of the Oswestry
Disability Index (ODI) and the European Quality of Life Five-Dimension-Five-Level (EQ-5D-
5L) at intervention endpoint (week 4), and 4 weeks after intervention completion (week 8).

The VAS is a 10 cm-long straight line marked at each end with the anchor labels “no pain”
and “worst pain imaginable” [28]. It is the most frequently used instrument for measuring the
pain intensity of LBP [29].

The ODI is one of the most commonly used scales to assess disability related to LBP [30].
The validated Korean version of the ODI, which excludes items regarding the sexual life of the
individual from the original ODI, contains nine questions about daily activities, including
inventories of pain intensity, personal care, lifting, walking, sitting, standing, sleeping, social
life, and traveling. Each question is rated using a scale of 0 to 5, with a higher score indicating
severe pain-related disability [31].

The validated Korean version of the European Quality of Life Five-Dimension (EQ-5D) is a
generic instrument used to measure health-related quality of life, including five dimensions
pertaining to mobility, self-care, usual daily activities, pain and discomfort, and anxiety and
depression [32]. The European Quality of Life Five-Dimension- Five-Level (EQ-5D-5L) is a
new version of the EQ-5D scale that includes five levels of severity for each of the five EQ-5D
dimensions. Each dimension is scored using a scale of 1 to 5 [33].

Sample size calculation

Because of the lack of adequate preliminary studies and limited research funds, study period,
and recruitment opportunities, we adopted a pilot study design. The appropriate sample size
for two-arm or three-arm pilot studies is more than 12 [34,35]. Considering a dropout rate of
20%, we assigned 15 participants to each group (total of 45 participants).

Because our study was a pilot study, the sample size was insufficient to determine the effec-
tiveness of ILA for CNLBP. Our study provides preliminary evidence for the efficacy and safety
of ILA for CNLBP, and the results can be used to estimate the appropriate sample size needed
for future confirmative RCTs of the efficacy and safety of ILA for CNLBP.
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Statistical analyses

With IRB approval, the statistical analyses were revised during the study. We performed a full
analysis set to assess efficacy, and missing values were implemented by the last observation car-
ried forward method. To reduce the risk of bias, a statistician who was not involved in this
clinical trial analyzed the final data using SPSS version 20.0 software (SPSS Inc., Chicago, IL,
USA) and two-sided significance tests with a 5% significance level. Continuous variables are
presented as the mean and standard deviation (SD) or median, first, and third quartiles and
categorical variables are presented as the number or percentage.

Baseline characteristics were collected and compared using One-way analysis of variance
(ANOVA), the Kruskal-Wallis test or chi-squared (x*) test. Within-group differences in all
outcome values of the three groups were compared using a repeated-measures ANOVA or
Friedman test. Difference in changes in all outcome values among three groups (week 4 vs.
week 0 and week 8 vs. week 0) were compared using ANOVA or the Kruskal-Wallis test. Dif-
ferences in changes in the outcome values between two groups (week 4 vs. week 0 and week 8
vs. week 0; significant changes observed in ANOVA or the Kruskal-Wallis test) were compared
using a Scheffe post hoc test or Mann-Whitney U test. For safety evaluation, incidence of
adverse events (AEs) among the three groups were compared using chi-squared () test and
difference in changes in vital signs at 4 weeks after the first intervention (week 4 vs. week 0)
were compared among the three groups using ANOVA. Subanalyses and interim analyses
were not performed.

Results
Participants

We recruited participants between May 11, 2020 and November 5, 2020. During the study
period, 388 patients were assessed for eligibility and 343 were excluded. Forty-five patients
were included in this study and randomly assigned to the control group (n = 15), 650 group
(n = 15), or 830 group (n = 15). Three participants in the control group did not complete the
treatment. Two participants in the 830 group did not complete treatment. The data of 45
patients with CNLBP were used for the final analysis (Fig 1).

Baseline characteristics

The baseline demographic characteristics of the patients in the three groups are presented in
Table 2. No significant differences in baseline demographic characteristics or study variables
were detected among the three groups (p>0.05) (Table 2).

Efficacy evaluation

After 4 weeks of intervention, we observed significant improvements in the control group
(changes in VAS scores), 650 group (changes in VAS, ODI, and EQ-5D-5L scores), and 830
group (changes in VAS, ODI, and EQ-5D-5L scores) (Table 3).

We observed a significant difference in changes in VAS scores (p = 0.047; week 4 vs. week
0), and ODI scores (p = 0.019, week 4 vs. week 0; p = 0.019, week 8 vs. week 0) among three
groups. The VAS scores of the 650 group significantly decreased compared with those of the
control group (p = 0.047; week 4 vs. week 0) (Table 4).

Additionally, the ODI scores of the 650 group (p = 0.018, week 4 vs. week 0; p = 0.006, week
8 vs. week 0) and 830 group (p = 0.014, week 4 vs. week 0) significantly decreased compared
with those of the control group (Table 5).
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Table 2. Homogeneity tests for baseline demographic characteristics and study variables for 45 patients with chronic non-specific low back pain.

Dependent Variables control Group 650 Group 830 Group Fory’(p)

(n=15) (n=15) (n=15)

M (SD) M (SD) M (SD)

or m(Q1, Q3) or m(Q1, Q3) or m(Q1, Q3)

m (Q1, Q3)

or n (%)
Age (y) 59.73(6.03) 57.60(6.85) 54.40(12.19) 45.89(0.178) *
Sex (Female) 13 (86.7%) 9 (60.0%) 9 (60.0%) 3.32(0.190) *
Education(years) 12.67 (4.64) 12.40 (3.29) 13.33 (3.70) 10.99 (0.810) *
Height(cm) 159.75 (5.65) 162.39 (6.01) 161.57 (6.20) 0.77 (0.470) '
Weight(kg) 62.39 (10.86) 70.43 (9.86) 65.23 (11.03) 2.22(0.121) '
VAS 50.47 (9.38) 55.07 (17.58) 49.60 (12.96) 9.69 (0.508)
ODI 9(7,11) 11 (9,17) 11 (8,13) 3.35(0.187)*
EQ-5D-5L 8(6,9) 9(8,11) 8(7,9) 4.85 (0.088)"

M, Mean; SD, standard deviation; m, median; Q1, first quartiles; Q3, third quartiles.

2
*, x -test;

T, One-way ANOVA test;

¥, Kruskal-Wallis test.

https://doi.org/10.1371/journal.pone.0269282.1002

Safety evaluation

For safety evaluation, the incidence of AEs and difference in changes in vital signs at 4 weeks
after the first intervention (week 4) were compared among the three groups. AEs that occurred
during this study were recorded in a case report form after evaluating their relationship with
the intervention. Two AEs related to the intervention occurred in the control group. One was
a subcutaneous hematoma and the other was nausea. Both patients recovered without treat-
ment. No serious AEs were observed during this study. There were no significant treatment-
induced changes in vital signs, except for some temperature changes in the 650 group. How-
ever, the decrease of temperature in the 650 group was within the normal ranges for tempera-
ture (Table 6).

Table 3. Changes in outcome measures after treatment completion in the three groups.

Groups Dependent Variables Week 0 Week 4 Week 8 ()
(M£SD) or (M+SD) or (M£SD) or
m(QL,Q3) m(QL,Q3) m(Q1,Q3)
Control group VAS 50.47%9.38 36.20£19.06 34.13+20.65 8.28(0.001)
(n=15) oDI 9(7,11) 7(5,11) 8 (7,11) 1.66(0.436) *
EQ-5D-5L 8(6,9) 7(5,9) 8(5,9) 2.80(0.247) *
650 group VAS 55.07 £17.58 23.13£11.43 26.53 £23.92 15.91(<0.001)
(n=15) ODI 11 (9,17) 7(7,8) 5(3,11) 19.26(<0.001)
EQ-5D-5L 9 (8,11) 7 (6,8) 7 (5,9) 12.50(0.002) %
830 VAS 49.60 £12.96 28.60 £14.95 25.27 £15.60 21.41(<0.001) t
group ODI 11 (8,13) 5(3,7) 6 (4,7) 16.61(<0.001) *
(n=15) EQ-5D-5L 8(7,9) 7(5,7) 7(6,7) 12.84(0.002)

M, Mean; SD, standard deviation; m, median; Q1, first quartiles; Q3, third quartiles.
T, One-way Repeated-measures ANOVA test;

#, Friedman test.

https://doi.org/10.1371/journal.pone.0269282.t003
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Table 4. Difference in changes in VAS scores among three groups (n = 45).

Dependent Vatiables Group Deference F (p) Deference F (p)
(w4-w0) post hoc test (Scheffe) (w8-w0) post hoc test (Scheffe)
(M+SD) (M+SD)
VAS Control* -14.27%17.17 3.29 (0.047) ¥ -16.3320.12 137 (0.274) *
650" -31.93+21.94 a<b -28.53+24.37
830° -21.00£17.56 -24.33%£17.17

M, Mean; SD, standard deviation;
¥, One-way ANOVA test.

https://doi.org/10.1371/journal.pone.0269282.t1004

There were no significant differences in changes in vital signs among the three groups
(Table 7).

Discussion

Although LA has been used to treat CNLBP, the efficacy and optimal treatment method of LA
for CNLBP remain controversial because of insufficient evidence. To the best of our knowl-
edge, this is the first RCT to investigate the efficacy of ILA and the effects of different ILA
wavelengths on pain intensity, disability related to LBP, and quality of life of patients with
CNLBP. Our study results could provide a basis for developing an optimal LA treatment
method for CNLBP.

Our study had several main findings. First, the 650 group exhibited a significant improve-
ment in the VAS score compared with the control group at the intervention endpoint. Second,
the 650 and 830 groups exhibited significant improvements in the ODI scores compared with
the control group at the intervention endpoint. Third, the 650 group exhibited significant
improvements in the ODI scores compared with the control group at 4 weeks after interven-
tion completion. Fourth, there was no adverse event related to ILA and no significant differ-
ence in changes in vital signs among the three groups. Fifth, we observed significant
improvements in the control group (changes in VAS scores), 650 group (changes in VAS,
OD], and EQ-5D-5L scores), and 830 group (changes in VAS, ODI, and EQ-5D-5L scores).

Table 5. Difference in changes in ODI and EQ-5D-5L scores among three groups (n = 45).

Dependent Vatiables Group Deference F (p) Deference F (p)
(w4-w0) (w8-w0)
m(Ql, Q3) Z(p) m(Ql, Q3) Z(p)
ODI # Control® -1(-4,1) 7.90 (0.019)¥ -1(-4,2) 7.91 (0.019) ¥
650° -5(-10, -1) -6(-8,-2)
830° -5(-7,-1) avsb -4 (-8,-2) avsb
-2.37(0.018) T -2.73 (0.006) T
avsc avsc
-2.46 (0.014) T -1.98 (0.047) T
EQ-5D-5L * Control® -1(-2,2) 3.11 (0.211)* -1(-2,2) 5.78 (0.058)*
650° 2(-4,0) 22(-4,-1)
830° -1(-3,0) -1(-3,0)

m, median; Q1, first quartiles; Q3, third quartiles;
¥ Kruskal-Wallis test;
T, Mann-Whitney U test P<0.025 (Bonferoni correction).

https://doi.org/10.1371/journal.pone.0269282.t005
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Table 6. Changes in vital signs (Week4 vs. Week0) after treatment completion within the three groups.

Groups Dependent Variables Week 0 Week 4 Deference t(p)*
(M+SD) (M+SD) (w4-w0)
(M£SD)
Control group (n = 15) Systoric BP 124.13+11.96 121.47+14.22 -2.6749.13 1.13(0.277)
Diastoric BP 82.13+8.42 81.80+10.97 0.33+9.04 0.14(0.889)
Pulse 73.60+13.02 74.80+13.07 1.20+7.44 -0.63(0.625)
Respiration 20.00+0.00 20.00+0.00 0.00+0.00 -0.00(1.00)
Temperature 36.59+0.30 36.52+0.35 -0.07+0.28 1.02(0.326)
650 group (n = 15) Systoric BP 125.60+12.44 123.53%16.78 -2.07+11.03 0.73(0.480)
Diastoric BP 79.93+8.64 81.00£12.25 1.07+9.54 -0.43(0.671)
Pulse 75.67£5.61 77.13+£10.21 1.47+8.44 -0.67(0.512)
Respiration 20.13£0.52 20.00£0.00 -0.13+0.52 1.00(0.334)
Temperature 36.84+0.21 36.64+0.37 -0.20+0.33 2.37(0.033)
830 group (n = 15) Systoric BP 120.73£12.12 122.20+16.43 1.47+11.54 -0.49(0.630)
Diastoric BP 81.40+7.63 78.53+9.13 -2.87£8.15 1.36(0.195)
Pulse 74.67+11.68 75.27+11.02 0.60£10.68 -0.22(0.831)
Respiration 19.87+0.52 20.00+0.00 0.13£0.52 -1.00(0.334)
Temperature 36.66+0.27 36.71+£0.32 0.05+0.24 -0.87(0.401)

M, Mean; SD, standard deviation; BP, blood pressure;

*, paired t- test.

https:/doi.org/10.1371/journal.pone.0269282.t006

ILA at 650 nm resulted in significant improvements in pain intensity and disability related
to pain, and ILA at 830 nm resulted in significant improvements in disability related to pain

for patients with CNLBP.

There are several reasons for our results. First, the analgesic effects of LLLT may have influ-
enced the results. LLLT, also known as photobiomodulation, uses red or near-infrared light to
stimulate tissue healing and regeneration. Cytochrome c oxidase in the mitochondria and
light-/heat-gated ion channels are primary chromophores; both of these lead to the generation
of reactive oxygen species that can activate transcription factors, which may act as exercise
mimetics [36]. Multiple mechanisms underlie LLLT analgesia. Experimental evidence has sug-
gestedthat laser irradiation induces peripheral neural blockade, suppresses central synaptic

Table 7. Difference in changes in vital signs (Week4 vs. Week0) among three groups.

Control group 650 group 830 group
Systoric BP difference (M+SD) -2.6749.13 -2.07+11.03 1.47+11.54
Ep) " 0.66 (0.520)
Diastoric BP difference (M+SD) -0.3349.04 ‘ 1.07+9.54 | -2.87+8.15
F(p) 0.75(0.480)
Pulse difference (M+SD) 1.20+7.44 ‘ 1.47+8.44 | 0.60+10.68
Ep)' 0.04(0.964)
Respiration difference (M+SD) 0.00+0.00 ‘ -0.13+0.52 | 0.13+0.52
Fp)' 1.50 (0.235)
Temperature difference (M+SD) -0.07+0.28 ‘ -0.20+0.33 | 0.05+0.24
FQp)' 2.99(0.061)

M, Mean; SD, standard deviation;
T, One-way ANOVA test.

https://doi.org/10.1371/journal.pone.0269282.t1007
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activity, modulates neurotransmitters, reduces muscle spasm and interstitial edema, and exerts
anti-inflammatory effects [37]. A recent systematic review and meta-analysis of LLLT (includ-
ing LA) for CNLBP reported that LLLT has a significant positive effect on reducing pain and
improving functional disability and rarely produces severe AEs [15]. Second, the nature of the
ILA may have affected the results. Noncollimated light scatters and is reflected at the superfi-
cial skin layers, which limits energy penetration through the skin. Because the acupuncture
meridians and their acupoints are thought to exist in the myofascial layer of the body, the low
energy penetration of light-emitting diode devices theoretically fails to stimulate acupoints
[38]. However, ILA can compensate for light scatter and enhance energy penetration because
the laser is irradiated at the tip of the acupuncture needle inserted under the skin. During a
previous study, 660 nm laser irradiation of the skin did not result in significant pain reduction
for patients with LBP [18]. Third, the laser parameters and dosage may have affected the
results. The power density and wavelength affect the level of light penetration and scattering.
The power density of a laser, defined as the laser energy supplied per area (W/cm?), influences
the depth of energy penetration. Higher energy density results in deeper energy transmission
[38]. Light wavelengths from 650 to 900 nm penetrate the skin the most. With a well-focused
laser beam, red wavelengths (approximately 648 nm) can penetrate 2 to 4 cm beneath the skin
surface, and infrared wavelengths (approximately 810 nm) can penetrate up to 6 cm beneath
the skin [38].

Our study had some limitations. First, because of limited research funds, study period, and
recruitment opportunities, we adopted a pilot study design. The sample size was not sufficient
to investigate the efficacy and safety of ILA for CLBP; therefore, this may have led to bias in
the results. Second, we did not use the various laser parameters or dosages typically used as
treatment of CNLBP. Different wavelengths, power outputs, and energy doses affect the level
of light penetration and scattering. There are various laser parameters and dosages for treating
CNLBP [10,12]. However, the laser parameters and dosages used during this study are limited.
Therefore, further studies investigating effective laser parameters and dosages should be per-
formed. Third, we adopted a patient and assessor-blinded approach because the characteristics
of acupuncture application make investigator-blinding impossible.

Conclusions

ILA at 650 nm led to significant reductions in pain intensity and improvements in pain-related
functional disability with CNLBP. ILA at 830 nm led to a significant improvement in pain-
related functional disability for patients with CNLBP. Our results suggest that ILA therapy at
650 nm and 830 nm can be used to treat CNLBP. However, because our study was a pilot clini-
cal trial with a small sample size, further rigorously designed clinical studies with a larger sam-
ple size are needed to validate these results.

Supporting information

S1 Fig. The appearance and components of Ellise.
(DOCX)

S2 Fig. Invasive laser acupuncture procedure and electroacupuncture procedure.
(DOCX)

S1 File. Data.
(DOCX)

S2 File. CONSORT checklist.
(DOC)

PLOS ONE | https://doi.org/10.1371/journal.pone.0269282 May 31, 2022 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269282.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269282.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269282.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269282.s004
https://doi.org/10.1371/journal.pone.0269282

PLOS ONE

Invasive laser acupuncture for chronic non-specific low back pain

S3 File. Study protocol.
(PDF)

Acknowledgments

The authors express their sincere thanks to their colleagues and the staff at Dongshin Univer-
sity Gwangju Korean Medicine Hospital for their support.

Author Contributions

Conceptualization: Jae-Hong Kim, Chang-Su Na.
Data curation: Jae-Hong Kim, Jeong-Soon Lee.
Formal analysis: Jeong-Soon Lee.

Funding acquisition: Jae-Hong Kim.

Investigation: Jae-Hong Kim, Myoung-Rae Cho, Gwang-Cheon Park.
Methodology: Jae-Hong Kim, Myoung-Rae Cho.
Project administration: Jae-Hong Kim, Chang-Su Na.
Resources: Gwang-Cheon Park.

Software: Gwang-Cheon Park.

Supervision: Jae-Hong Kim, Chang-Su Na.

Validation: Jae-Hong Kim.

Visualization: Myoung-Rae Cho, Gwang-Cheon Park.
Writing - original draft: Jae-Hong Kim, Chang-Su Na.

Writing - review & editing: Jae-Hong Kim, Chang-Su Na, Myoung-Rae Cho, Gwang-Cheon
Park, Jeong-Soon Lee.

References

1. Delitto A, George SZ, Van Dillen L, Whitman JM, Sowa G, Shekelle P, et al. Low back pain. J Orthop
Sports Phys Ther. 2012; 42: A1-A57. https://doi.org/10.2519/jospt.2012.42.4.A1 PMID: 22466247

2. Vereckei E, Susanszky E, Kopp M, Ratko I, Czimbalmos A, Nagy Z, et al. Psychosocial, educational,
and somatic factors in chronic nonspecific low back pain. Rheumatol Int. 2013; 33: 587-592. https://doi.
org/10.1007/s00296-012-2398-0 PMID: 22476243

3. Andersson GB. Epidemiological features of chronic low-back pain. Lancet. 1999; 354: 581-585. https://
doi.org/10.1016/S0140-6736(99)01312-4 PMID: 10470716

4. Bogduk N. Management of chronic low back pain. Med J Aust. 2004; 180: 79-83. hitps://doi.org/10.
5694/j.1326-5377.2004.tb05805.x PMID: 14723591

5. Luo X, Pietrobon R, Sun SX, Liu GG, Hey L. Estimates and patterns of direct health care expenditures

among individuals with back pain in the United States. Spine (Phila Pa 1976). 2004; 29: 79-86. https:/
doi.org/10.1097/01.BRS.0000105527.13866.0F PMID: 14699281

6. Oliveira CB, Maher CG, Pinto RZ, Traeger AC, Lin CC, Chenot JF, et al. Clinical practice guidelines for
the management of non-specific low back pain in primary care: an updated overview. Eur Spine J.
2018; 27: 2791-28083. https://doi.org/10.1007/s00586-018-5673-2 PMID: 29971708

7. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet. 2017; 389: 736-747.
https://doi.org/10.1016/S0140-6736(16)30970-9 PMID: 27745712

8. Rubinstein SM, van Middelkoop M, Kuijpers T, Ostelo R, Verhagen AP, de Boer MR, et al. A systematic
review on the effectiveness of complementary and alternative medicine for chronic non-specific low-

PLOS ONE | https://doi.org/10.1371/journal.pone.0269282 May 31, 2022 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269282.s005
https://doi.org/10.2519/jospt.2012.42.4.A1
http://www.ncbi.nlm.nih.gov/pubmed/22466247
https://doi.org/10.1007/s00296-012-2398-0
https://doi.org/10.1007/s00296-012-2398-0
http://www.ncbi.nlm.nih.gov/pubmed/22476243
https://doi.org/10.1016/S0140-6736(99)01312-4
https://doi.org/10.1016/S0140-6736(99)01312-4
http://www.ncbi.nlm.nih.gov/pubmed/10470716
https://doi.org/10.5694/j.1326-5377.2004.tb05805.x
https://doi.org/10.5694/j.1326-5377.2004.tb05805.x
http://www.ncbi.nlm.nih.gov/pubmed/14723591
https://doi.org/10.1097/01.BRS.0000105527.13866.0F
https://doi.org/10.1097/01.BRS.0000105527.13866.0F
http://www.ncbi.nlm.nih.gov/pubmed/14699281
https://doi.org/10.1007/s00586-018-5673-2
http://www.ncbi.nlm.nih.gov/pubmed/29971708
https://doi.org/10.1016/S0140-6736(16)30970-9
http://www.ncbi.nlm.nih.gov/pubmed/27745712
https://doi.org/10.1371/journal.pone.0269282

PLOS ONE

Invasive laser acupuncture for chronic non-specific low back pain

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

back pain. Eur Spine J. 2010; 19: 1213-1228. https://doi.org/10.1007/s00586-010-1356-3 PMID:
20229280

Whittaker P. Laser acupuncture: past, present, and future. Lasers Med Sci. 2004; 19: 69-80. https://doi.
0rg/10.1007/s10103-004-0296-8 PMID: 15349795

Law D, McDonough S, Bleakley C, Baxter GD, Tumilty S. Laser acupuncture for treating musculoskele-
tal pain: a systematic review with meta-analysis. J Acupunct Meridian Stud. 2015; 8: 2—16. https://doi.
org/10.1016/j.jams.2014.06.015 PMID: 25660439

Baxter GD, Bleakley C, McDonough S. Clinical effectiveness of laser acupuncture: a systematic review.
J Acupunct Meridian Stud. 2008; 1: 65—-82. https://doi.org/10.1016/S2005-2901(09)60026-1 PMID:
20633458

Yousefi-Nooraie R, Schonstein E, Heidari K, Rashidian A, Pennick V, Akbari-Kamrani M, et al. Low
level laser therapy for nonspecific low-back pain. Cochrane Database Syst Rev. 2008 Apr 16;(2):
CD005107. https://doi.org/10.1002/14651858.CD005107.pub4 PMID: 18425909

Glazov G, Yelland M, Emery J. Low-level laser therapy for chronic non-specific low back pain: a meta-
analysis of randomised controlled trials. Acupunct Med. 2016; 34: 328—341. https://doi.org/10.1136/
acupmed-2015-011036 PMID: 27207675

Huang Z, Ma J, Chen J, Shen B, Pei F, Kraus VB. The effectiveness of low-level laser therapy for non-
specific chronic low back pain: a systematic review and meta-analysis. Arthritis Res Ther. 2015 Dec 15;
17:360. https://doi.org/10.1186/s13075-015-0882-0 PMID: 26667480

Yeum H, Hong Y, Nam D. Low-level laser therapy including laser acupuncture for non-specific chronic
low back pain: systematic review and meta-analysis. J Acupunct Res. 2021; 38(1): 8—19. https://doi.
org/10.13045/jar.2020.00283

Glazov G, Yelland M, Emery J. Low-dose laser acupuncture for non-specific chronic low back pain: a
double-blind randomised controlled trial. Acupunct Med. 2014; 32: 116—123. https://doi.org/10.1136/
acupmed-2013-010456 PMID: 24280948

Glazov G, Schattner P, Lopez D, Shandley K. Laser acupuncture for chronic non-specific low back
pain: a controlled clinical trial. Acupunct Med. 2009; 27: 94—100. https://doi.org/10.1136/aim.2009.
000521 PMID: 19734378

Shin JY, Ku B, Kim JU, Lee YJ, Kang JH, Heo H, et al. Short-term effect of laser acupuncture on lower
back pain: a randomized, placebo-controlled, double-blind trial. Evid Based Complement Alternat Med.
2015; 2015: 808425. https://doi.org/10.1155/2015/808425 PMID: 26516333

Kim JH, Na CS, Park GC, Lee JS. Effects of different wavelengths of invasive laser acupunctureon
chronic non-specific low back pain: a study protocolfor a pilot randomized controlled trial. Trials. 2021;
22:118. https://doi.org/10.1186/s13063-021-05038-6 PMID: 33546748

Lim JA, Chae WS, Lee SH, Jeong SH, Youn DH, Na CS. Effects of GaAlAs laser and acupuncture ther-
apy at BL40 on neuropathic pain in rats. Korean Journal of Acupuncture. 2011; 28: 37—-47.

Youn DH, Yoo PS, Kim WI, Kim MR, Choi DH, Na CS. Effects of laser acupuncture therapy according
to the wavelength at GB34 - GB39 on Neuropathic Pain Rat Induced by Tibial and Sural Nerve Tran-
section. Korean Journal of Acupuncture. 2014; 31: 195-207. https://doi.org/10.14406/acu.2014.038

Kim MR, Lee YM, Choi DH, Youn DH, Na CS. Effects of laser and electro acupuncture treatment with
GB30 - GB34 on Change in Arthritis Rat. Korean Journal of Acupuncture. 2019; 36: 189-199. https:/
doi.org/10.14406/acu.2019.023

Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gatzsche PC, Krleza-Jeri¢ K, et al. SPIRIT 2013 state-
ment: defining standard protocol items for clinical trials. Ann Intern Med. 2013; 158: 200-207. https:/
doi.org/10.7326/0003-4819-158-3-201302050-00583 PMID: 23295957

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT2010 statement: updated guidelines
for reporting parallel group randomised trials. BMJ. 2010; 340: ¢332. https://doi.org/10.1136/bmj.c332
PMID: 20332509

Lim TK, Ma Y, Berger F, Litscher G. Acupuncture and neural mechanism in the management of low
back pain-anupdate. Medicines (Basel). 2018; 5: 63. https://doi.org/10.3390/medicines5030063 PMID:
29941854

Lee S, JoHJ, Lee SH, Jung WM, Kim SY, Park HJ, et al. Systematic review of selection of acupuncture
points for lower back pain. Korean J Acupunct. 2012; 29: 519-536.

WHO western Pacific region. WHO Standard Acupuncture Point Locations in the Western Pacific
Region. Seoul: Elsevier Korea; 2009. p. 115, 116, 190.

Huskisson EC. Measurement of pain. Lancet. 1974; 2: 1127—1131. https://doi.org/10.1016/s0140-6736
(74)90884-8 PMID: 4139420

Chiarotto A, Maxwell LJ, Ostelo RW, Boers M, Tugwell P, Terwee CB. Measurement properties of
visual analogue scale, numeric rating scale, and pain severity subscale of the brief pain inventory in

PLOS ONE | https://doi.org/10.1371/journal.pone.0269282 May 31, 2022 13/14


https://doi.org/10.1007/s00586-010-1356-3
http://www.ncbi.nlm.nih.gov/pubmed/20229280
https://doi.org/10.1007/s10103-004-0296-8
https://doi.org/10.1007/s10103-004-0296-8
http://www.ncbi.nlm.nih.gov/pubmed/15349795
https://doi.org/10.1016/j.jams.2014.06.015
https://doi.org/10.1016/j.jams.2014.06.015
http://www.ncbi.nlm.nih.gov/pubmed/25660439
https://doi.org/10.1016/S2005-2901(09)60026-1
http://www.ncbi.nlm.nih.gov/pubmed/20633458
https://doi.org/10.1002/14651858.CD005107.pub4
http://www.ncbi.nlm.nih.gov/pubmed/18425909
https://doi.org/10.1136/acupmed-2015-011036
https://doi.org/10.1136/acupmed-2015-011036
http://www.ncbi.nlm.nih.gov/pubmed/27207675
https://doi.org/10.1186/s13075-015-0882-0
http://www.ncbi.nlm.nih.gov/pubmed/26667480
https://doi.org/10.13045/jar.2020.00283
https://doi.org/10.13045/jar.2020.00283
https://doi.org/10.1136/acupmed-2013-010456
https://doi.org/10.1136/acupmed-2013-010456
http://www.ncbi.nlm.nih.gov/pubmed/24280948
https://doi.org/10.1136/aim.2009.000521
https://doi.org/10.1136/aim.2009.000521
http://www.ncbi.nlm.nih.gov/pubmed/19734378
https://doi.org/10.1155/2015/808425
http://www.ncbi.nlm.nih.gov/pubmed/26516333
https://doi.org/10.1186/s13063-021-05038-6
http://www.ncbi.nlm.nih.gov/pubmed/33546748
https://doi.org/10.14406/acu.2014.038
https://doi.org/10.14406/acu.2019.023
https://doi.org/10.14406/acu.2019.023
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/pubmed/23295957
https://doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/pubmed/20332509
https://doi.org/10.3390/medicines5030063
http://www.ncbi.nlm.nih.gov/pubmed/29941854
https://doi.org/10.1016/s0140-6736(74)90884-8
https://doi.org/10.1016/s0140-6736(74)90884-8
http://www.ncbi.nlm.nih.gov/pubmed/4139420
https://doi.org/10.1371/journal.pone.0269282

PLOS ONE

Invasive laser acupuncture for chronic non-specific low back pain

30.

31.

32.

33.

34.

35.

36.

37.

38.

patients with low back pain: a systematic review. J Pain. 2019; 20: 245-263. https://doi.org/10.1016/].
jpain.2018.07.009 PMID: 30099210

Fairbank JC, Pynsent PB. The Oswestry disability index. Spine (Phila Pa 1976). 2000; 25: 2940-2952;
discussion 2952. https://doi.org/10.1097/00007632-200011150-00017 PMID: 11074683

Jeon CH, Kim DJ, Kim SK, Kim DJ, Lee HM, Park HJ. Validation in the cross-cultural adaptation of the
Korean version of the Oswestry Disability Index. J Korean Med Sci. 2006; 21: 1092—-1097. https://doi.
org/10.3346/jkms.2006.21.6.1092 PMID: 17179693

Kim MH, Cho YS, Uhm WS, Kim S, Bae SC. Cross-cultural adaptation and validation of the Korean ver-
sion of the EQ-5D in patients with rheumatic diseases. Qual Life Res. 2005; 14: 1401-1406. https://doi.
org/10.1007/s11136-004-5681-z PMID: 16047514

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing
of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011; 20: 1727—-1736. https://doi.org/
10.1007/s11136-011-9903-x PMID: 21479777

Johanson GA, Brooks GP. Initial scale development: sample size for pilot studies. Educ Psychol Meas.
2010; 70: 394—-400. https://doi.org/10.1177/0013164409355692

Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharm Stat. 2005; 4: 287-291.
https://doi.org/10.1002/pst. 185

Hamblin MR. Mechanisms and mitochondrial redox signaling in photobiomodulation. Photochem Photo-
biol. 2018; 94: 199-212. https://doi.org/10.1111/php.12864 PMID: 29164625

Hamblin MR, Huang YY, editors. Chapter 51. Low-level laser therapy in treatment of pain. Handbook of
photomedicine. Boca Raton: Taylor & Francis; 2013. pp. 591-601.

Chon TY, Mallory MJ, Yang J, Bublitz SE, Do A, Dorsher PT. Laser acupuncture: a concise review. Med
Acupunct. 2019; 31: 164—168. https://doi.org/10.1089/acu.2019.1343 PMID: 31297170

PLOS ONE | https://doi.org/10.1371/journal.pone.0269282 May 31, 2022 14/14


https://doi.org/10.1016/j.jpain.2018.07.009
https://doi.org/10.1016/j.jpain.2018.07.009
http://www.ncbi.nlm.nih.gov/pubmed/30099210
https://doi.org/10.1097/00007632-200011150-00017
http://www.ncbi.nlm.nih.gov/pubmed/11074683
https://doi.org/10.3346/jkms.2006.21.6.1092
https://doi.org/10.3346/jkms.2006.21.6.1092
http://www.ncbi.nlm.nih.gov/pubmed/17179693
https://doi.org/10.1007/s11136-004-5681-z
https://doi.org/10.1007/s11136-004-5681-z
http://www.ncbi.nlm.nih.gov/pubmed/16047514
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/pubmed/21479777
https://doi.org/10.1177/0013164409355692
https://doi.org/10.1002/pst.185
https://doi.org/10.1111/php.12864
http://www.ncbi.nlm.nih.gov/pubmed/29164625
https://doi.org/10.1089/acu.2019.1343
http://www.ncbi.nlm.nih.gov/pubmed/31297170
https://doi.org/10.1371/journal.pone.0269282

