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Abstract

Neck with shoulder muscle stiffness/pain is a common disorder. Commonly used physical

therapy, pharmacotherapy, acupuncture, and moxibustion only temporarily alleviate the dis-

order in most cases, thus the disorder often recurs. Low power laser therapy is often used

for neck and shoulder stiffness/pain and has been effective in clinical trials. In this study, we

evaluated the safety and effectiveness of a newly developed self-care device for disorders

including neck with shoulder muscle stiffness/pain. The device incorporates light-emitting

diodes (LEDs), which are safer than lasers, as its light source. Ten adults with neck with

shoulder muscle stiffness/pain were subject to LED irradiation (wavelength 780 nm ± 15 nm,

output 750 mW, power density 3.8 W/cm2, energy density 5.7×102 J/cm2) for 3 minutes on

the affected shoulder at a standard acupuncture point (GB21, Jianjing). Immediately after

irradiation, the subjective symptoms of the neck with shoulder muscle stiffness and pain

evaluated by a visual analog scale were improved from 58.3 mm ± 18.7 mm to 45.5 mm ±
21.5 mm and from 45.8 mm ± 23.3 mm to 39.4 mm ± 21.8 mm, respectively. The symptoms

further improved after 15 minutes of irradiation. The skin temperature at the irradiated point

increased from 34.3˚C ± 1.1˚C to 41.0˚C ± 0.7˚C. The increase in skin temperature was

observed within approximately 5 cm of the irradiated area. There was no effect on the heart

rate variability, a measure of the autonomic nervous system; however, the baroreflex sensi-

tivity was slightly increased. No irradiation-related adverse skin events were observed. Our

LED irradiation device was found to be safe, and it improved the subjective symptoms of

muscle stiff neck with shoulders.

Introduction

Chronic neck with shoulder muscle pain/stiffness is a common symptom that can limit an

individual’s daily life [1]. The 12-month prevalence of neck pain in the world population, and
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Japanese male and female adults is 30%–50%, 5.7%, and 11.4%, respectively [2, 3]. Although

several treatments, such as pharmacotherapy, physical therapy, exercise, acupuncture, and

moxibustion are available to relieve symptoms, individuals often have recurrent episodes [4–

8]. As a result, the economic impact is increasing, and the development of evidence-based,

cost-effective treatments is needed [9].

Low-level laser therapy (LLLT) is a medical device frequently used to relieve pain and stim-

ulate acupuncture points in clinical settings. The safety and efficacy of LLLT for chronic neck

pain were shown in several clinical trials [10–12]. The Japanese government recently promoted

the development of self-care devices for chronic disease, and various low-level laser devices are

available as self-health care equipment for chronic neck with shoulder muscle pain/stiffness;

however, most of the devices have no medical device certification and no safety and efficacy

information. Thus, in this feasibility study, we aimed to assess the safety and efficacy of our

newly developed light-emitting diode (LED) light irradiation device for chronic neck with

shoulder muscle pain/stiffness treatment.

Materials and methods

Ethics statement

The study was conducted according to the guidelines of the Declaration of Helsinki and the

Clinical Trials Act. The clinical research review board of the Hamamatsu University School of

Medicine (1–20–1 Handayama, Higashi-Ku, Hamamatsu, Shizuoka, Japan) approved the

study in January 2021 (approval number: C018-2020). Written informed consent was obtained

from all patients before inclusion in the trial. This trial was registered at the Japan Registry of

Clinical Trials (jRCTs042200092).

Study participants

Participants were recruited from January 2021 to March 2021 via open public recruiting. Eligi-

ble participants were adults with muscle stiff necks with shoulders. The exclusion criteria were

participants with cervical spine disease (e.g., whiplash injury, disc herniation, facet arthropa-

thy), those receiving medical treatment for a stiff neck and shoulder provided by a physician,

those using a poultice bandage or receiving medical therapy, acupuncture, moxibustion, or

massage, those with a skin disorder at the treatment site.

Study design and protocol treatment

A single-center, single-arm, open-label feasibility study was conducted at Hamamatsu University

Hospital Translational Research Unit, Hamamatsu, Japan from February 2021 to March 2021.

Participants received a single irradiation of high-intensity infrared LED light (wavelength 780

nm ± 15 nm, output 750 mW, power density 3.8 W/cm2, energy density 5.7×102 J/cm2) (Proto-

type model; Saciperere Japan, Numazu, Japan) six times at three-second intervals for 30 seconds.

The LED light was directed to the affected shoulder at a standard acupuncture point (Jianjing,

GB21 of the World Health Organization’s standard acupuncture nomenclature, middle of shoul-

der foot gallbladder meridian,) for a total of 3 minutes while the patient was in a seated position.

Jianjing was chosen by an experienced acupuncture and moxibustion practitioner.

Efficacy measurements

Primary outcome measures were differences in the severity of the neck with shoulder muscle

stiffness and pain as quantified with a 100 visual analog scale (VAS) ranging from 0 (no neck

and shoulder stiffness or pain) to 100 (the most severe neck and shoulder stiffness or pain
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imaginable) before and after treatment. Secondary outcome measures included differences in

skin temperature, heart rate variability, and baroreceptor reflex sensitivity (BRS). The skin

temperature was measured by standard thermography. The heart rate variability and BRS were

measured by a noninvasive hemodynamic and electrocardiogram monitor (Finapres NOVA;

Zero C Seven, Inc., Tokyo, Japan). The pressure pain threshold measured by an algesiometer

(TDM-N1, Sato Shoji Inc. Kawasaki, Japan) was also selected as a secondary outcome measure;

however, it could not be measured because of the wrong usage of the algesiometer. The VAS

and skin temperature were assessed immediately before, 0, and 15 minutes after treatment.

The BRS and heart rate variability were continuously measured 5 minutes before to 15 minutes

after treatment. All measurements were performed when the subject was in a seated position.

Safety assessments

The safety of the subjects was measured by recording the sitting systolic and diastolic blood

pressure and pulse rates immediately before and 15 minutes after treatment. Adverse effects

were also reported 0–7 days after treatment.

Exploratory measurements. The differences in the surface electromyogram and an ultra-

sonography under weight load (a weight lifting task of 2–3 kg for 1.5–2 minutes) with the tra-

pezius muscles before and after treatment were also assessed (detailed procedures in S1 File).

Sample size. A sample size calculation was not performed because this was a feasibility study.

Ten patients were the minimum sample size to show the effectiveness of the LED light device.

Statistical analysis. The full analysis set for all patients who received study treatment was

the primary analysis set for all planned efficacy and safety analyses. Values are expressed as the

mean ± standard deviation (SD) of the indicated numbers or proportions (%). Before comput-

ing the statistical analysis, the distribution of all measurements, except for heart rate variability,

was verified to follow a normal distribution using Q-Q plots. The parameters of heart rate vari-

ability were confirmed to follow a normal distribution by natural log transformation. The VAS

scores and skin temperature immediately before and at 0 and 15 minutes and the mean of

5-minute periods (−5 to 0 minutes before treatment, 0 to 5 minutes after treatment, and 10–15

minutes after treatment) of the natural log-transformed heart rate variability (lnHF, lnLF, and

ln[LF/HF]) were compared using the General Linear Model (GLM) [13]. The mean of 5-min-

ute periods of BRS, and the diastolic and systolic blood pressure were compared using age-

adjusted GLM. The pulse rate was compared using GLM. P values less than 0.05 or 0.025 (if

multiple comparisons) (2-tailed) were considered statistically significant. Statistical analysis

was performed using IBM SPSS Statistics version 25.0 (IBM Corporation, Armonk, NY, USA).

Results

Study participant characteristics

A total of 10 participants (2 males and 8 females, age 43.7 ± 10.3 years (range 29–62 years old))

participated in the study between February 2021 and March 2021. Seven of ten participants

received treatment on the left shoulder, and three received treatment on the right shoulder. No

participant received LED light irradiation on both shoulders. All participants completed the

study and were analyzed; one participant’s heart rate viability and BRS were not recorded due

to a malfunction of the Finapres NOVA (Fig 1).

Efficacy

The stiffness intensity was significantly decrease (p = 0.018) immediately after treatment (VAS

score: 45.5 mm ± 21.5 mm) than before treatment (VAS score: 58.3 mm ± 18.7 mm). This
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improvement was sustained for 15 minutes after treatment (VAS score: 29.0 mm ± 17.3 mm,

p = 0.002, compared with before treatment) (Fig 2A). The pain intensity tended to decrease

both immediately after treatment (VAS score: 39.4 mm ± 21.8 mm, p = 0.142) and 15 minutes

after treatment (VAS score: 27.7 mm ± 17.2 mm, p = 0.028) compared with before treatment

(VAS score: 45.8 mm ± 23.3 mm); however, these pain intensity reductions did not reach sta-

tistical significance. (Fig 2B).

The skin surface temperature significantly increased 6.8˚C ± 1.5˚C at the acupuncture

point from 34.3˚C ± 1.1˚C to 41.0˚C ± 0.7˚C with treatment (p< 0.001), and returned to the

baseline temperature in 15 minutes (35.2˚C ± 0.5˚C, p = 0.033) (Fig 3A). Representative

images are shown in Fig 3B.

An increase in skin surface temperature was observed within approximately 5 cm of the

center of the irradiated area. Skin redness at the irradiation area caused by the skin tempera-

ture increase was observed in nine participants during the treatment or immediately after the

treatment; however, the temperature decreased in six of the nine participants 15 minutes after

treatment. No participant showed additional skin redness 7 days after the treatment.

Fig 4A–4C shows the changes in low frequency power (0.07–0.15 Hz; LF), high frequency

power (>0.15 Hz; HF), and LF/HF ratio indices of the heart rate viability. A treatment effect

Fig 1. CONSORT diagram.

https://doi.org/10.1371/journal.pone.0276320.g001
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was not observed with the LF power, HF power, or LF/HF ratio. Furthermore, LED light irra-

diation did not show any effects on BRS (Fig 4D). Detailed variables are shown in Table 1.

Safety

The systolic and diastolic blood pressures and pulse rates were comparable before and 15 min-

utes after treatment (the systolic blood pressures were 121.2 mmHg ± 11.1 mmHg (before

treatment) and 120.8 mmHg ± 15.5 mmHg (15 minutes after treatment), p = 0.150; the dia-

stolic blood pressures were 75.0 mmHg ± 6.8 mmHg (before treatment) and 72.4 mmHg ± 7.3

mmHg (15 minutes after treatment), p = 0.253; the pulse rates were: 75.8 ± 10.4 beats/minute

Fig 2. The effect of LED light irradiation on the VAS for chronic neck with shoulder muscle stiffness and pain for each subject. Variations in VAS

scores of the (A) neck with shoulder muscle stiffness and (B) pain before, immediately after, and 15 minutes after treatment.

https://doi.org/10.1371/journal.pone.0276320.g002

Fig 3. The effect of LED light irradiation on the skin surface temperature. (A) Variations in the skin surface temperature around the LED light irradiation site of

each study participant before, immediately after, and 15 minutes after treatment. (B) Thermography images of the skin surface before (upper left), immediately after

(upper right), and 15 minutes after LED irradiation (lower left).

https://doi.org/10.1371/journal.pone.0276320.g003
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and 72.0 ± 10.5 beats/minute, p = 0.149, respectively). No treatment-related advised effects

were observed.

Exploratory measurements

The surface electromyogram and echography underweight load with the trapezius muscles did

not show any treatment-specific findings that indicate treatment mechanisms.

Discussion

The present feasibility study showed the safety and efficacy of the LED-light irradiation device

for chronic neck with shoulder muscle pain/stiffness treatment in Japanese subjects. In this

Fig 4. The effect of LED light irradiation on the heart rate viability and baroreceptor reflex sensitivity of each study participant. Variations

in (A) low frequency power, (B) high frequency power, (C) low frequency power/high frequency power ratio, and (D) baroreceptor reflex

sensitivity before, immediately after, and 15 minutes after LED light irradiation.

https://doi.org/10.1371/journal.pone.0276320.g004

Table 1. Changes in the heart rate variability and baroreceptor reflex sensitivity.

Before treatment Immediately after treatment 15 minutes after treatment P value � P value†

ln LF power (ln[ms2]) 5.13 ± 1.41 5.14 ± 1.20 5.17 ± 1.14 0.976 0.861

ln HF power (ln[ms2]) 4.44 ± 1.16 4.40 ± 1.20 4.35 ± 1.17 0.751 0.927

ln (LF/ HF) 0.69 ± 0.78 0.74 ± 0.55 0.82 ± 0.89 0.691 0.604

BRS (ms /mmHg) 5.72 ± 2.90 5.25 ± 2.30 4.58 ± 2.20 0.061 0.063

Data are expressed as mean ± SD. �Comparison between patients before and immediately after treatment. †Comparison of the values before and 15 minutes after

treatment. The General Linear Model was used to analyze the difference. LF, low frequency; HF, high frequency; BRS, baroreceptor reflex sensitivity.

https://doi.org/10.1371/journal.pone.0276320.t001
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study, 3 minutes of infrared LED light irradiation on Jianjing immediately relieved both sub-

jective pain (changes in VAS score: −17.4%) and stiffness (changes in VAS score: −24.3%), fol-

lowed by further improvement in relief after 15 minutes (changes in VAS score: pain, −37.5%,

stiffness, −48.3%). The skin surface temperature significantly increased 6.8˚C ± 1.5˚C at the

irradiation site. No adverse effects, such as thermal burn at the treatment site associated with

LED irradiation, were observed even 7 days after the irradiation. These results were consistent

with previous systematic review and meta-analysis [14, 15]. The effect size on pain relief

assessed by VAS shown in the results of this study was a reduction of 18.1 mm, suggesting that

this may be equivalent to the effect size of 19.7 mm shown in previous systematic reviews [15].

To the best of our knowledge, there is no evidence of pain treatment by LED irradiation.

Thus, we referred to the evidence of pain treatment using LLLT to determine the irradiation

parameters. LLLT has been applied to the treatment of chronic or acute pain, with accumulat-

ing evidence of safety and efficacy. As a result, some reports have shown that LLLT can relieve

rheumatoid arthritis pain, morning stiffness, and chronic and acute back pain with few side

effects [16–18]. However, the efficacy of LLLT varies from disease to disease. The effectiveness

of LLLT in the treatment of carpal tunnel syndrome has not been established [19]. Thus, the

effects of LLLT on pain varies across diseases. Disease-specific heterogeneity in LLLT efficacy

is thought to depend on disease-specific characteristics and several factors, including laser

wavelength and power, and the irradiation time of the treatment site. However, the appropri-

ate irradiation dose, treatment site, and technique for each disease has not been established. A

previous systematic review reported that LLLT at infrared wavelengths of 780 nm, 810 nm,

and 904 nm showed efficacy in patients with neck pain [14]. Another systematic review indi-

cated that 820–830 nm doses in the range of 0.8–9.0 J per point with an irradiation time of 15–

180 seconds are safe and effective for the management of neck pain. Furthermore, one clinical

trial showed that a high dose (54 J) of 838 nm LLLT did not have any adverse effects [19]. Con-

sidering the wavelengths, irradiation time, and output parameters that have been reported to

be safe and effective with LLLT, we chose a wavelength of 780 nm ± 15 nm, an output of 750

mW, 180 seconds (i.e., 135 J) of irradiation, and selected Jianjing as the treatment site, which is

known as a trigger point in stiff shoulders. Our treatment device was safe to use, and reduced

the subjective symptoms of neck and shoulder stiffness. Although the safety of LLLT has been

proven in previous studies [15, 19–21], this LED irradiation treatment device may be safer

than LLLT and thus likely to be competitive in healthcare markets. Indeed, LEDs emit broad-

band light that is not monochromatic, is less directional, and is noncoherent compared with

lasers.

In this study, we showed that our LED irradiation device can improve subjective symptoms

of chronic neck with shoulder muscle pain/stiffness; however, the detailed mechanism has not

been clarified. Several mechanisms of pain relief via infrared irradiation have been proposed.

Possible mechanisms include anti-inflammatory effects via reduction of inflammatory cyto-

kines, oxidative stress reduction, and skeletal muscle fatigue [22, 23]. Studies in rodents have

shown that infrared laser irradiation selectively suppresses Aδ and C fibers [24, 25]. Further-

more, inhibition of neuromuscular junction transmission has also been proposed as a mecha-

nism of infrared laser on myofascial pain and trigger points [26, 27]. Thus, infrared laser-

mediated nerve inhibition is considered to be one of the most powerful mechanisms for pain

relief. Another possible mechanism for pain relief from infrared irradiation is the increase in

body temperature at and near the irradiated site. Local thermotherapy has been applied to the

treatment of acute and chronic pain. Although there is no established evidence, moxibustion, a

traditional Chinese heat therapy, is often used for pain relief. The effects of thermotherapy on

physiological effects have been studied. Body surface heating increases the skin temperature,

which in turn increases blood flow and metabolism. Additionally, an increase in skin
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temperature decreases the rigidity of the fascial tissue [28]. In previous animal studies, local

thermotherapy was reported to suppress non-sensory signals in the spinal cord and brain stem

via increased activity of small unmyelinated C-fibers [29]. It has also been reported that local

thermotherapy decreases the activity of γ fibers and the stretch sensitivity of muscle spindles

[30]. In the current study, we demonstrated that LED light irradiation increased the skin sur-

face temperature by 6.8˚C at the irradiation site, and the increase spread approximately 5 cm.

One possible mechanism for the effectiveness of our device may be the physiological changes

caused by the increase in skin temperature.

Our study has several limitations. First, the LED irradiation is a single application, and irra-

diation conditions are constant; as a result, the optimal number of applications, output, and

irradiation time have not been evaluated. The optimal irradiation conditions should be estab-

lished in further clinical studies by changing the number of consecutive applications and irra-

diation parameters. Second, selection of study participants via open recruitment could cause

selection bias, such as a healthy worker effect, and age and gender imbalance; however, the

LED light irradiation device used in this study is intended to be developed as a self-care device

in the future, and the results obtained in this study could serve as basic data for future large-

scale clinical studies to create evidence for the LED light irradiation devices. Third, our study

had a small sample size; however, it was designed to determine whether it would be feasible to

conduct the next clinical study, and we believe we achieved this purpose. Based on the results

of this study, a large-scale clinical trial is planned in the future.

Conclusion

A single irradiation with LED lights (wavelength 780 nm ± 15 nm, power 750 mW, power den-

sity 3.8 W/cm2, energy density 5.7×102 J/cm2, duration 3 minutes) was safe to use in the treat-

ment of chronic neck with shoulder muscle pain/stiffness, relieving patients’ pain and

stiffness. Further studies are needed to determine the optimal irradiation conditions and to

elucidate the mechanism of action.

Supporting information

S1 Checklist. TREND statement checklist.

(PDF)

S1 File. Detailed implementation procedures for exploratory measurements.

(DOCX)

S1 Dataset.

(XLSX)

S1 Protocol.

(DOCX)

S2 Protocol.

(DOCX)

S3 Protocol.

(DOCX)

Acknowledgments

We are grateful to all participants and clinical research associates who participated in this

study. We thank Kumiko Makino (Hamamatsu University Hospital) for supporting our

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0276320 October 17, 2022 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276320.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276320.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276320.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276320.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276320.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276320.s006
https://doi.org/10.1371/journal.pone.0276320


project; Tetsuyuki Nagafusa (Hamamatsu University Hospital) for helpful technical support.

We thank Ashleigh Cooper, PhD, from Edanz (https://jp.edanz.com/ac) for editing a draft of

this manuscript.

Author Contributions

Conceptualization: Keiichi Odagiri, Hiroaki Yokota.

Data curation: Keiichi Odagiri, Masahiro Toda.

Formal analysis: Keiichi Odagiri, Masahiro Toda.

Funding acquisition: Hiroaki Yokota.

Investigation: Keiichi Odagiri, Katsuya Yamauchi, Masahiro Toda, Ayako Uchida, Hiromi

Tsubota, Kazuyoshi Zenba, Hiroaki Okawai, Hideo Eda.

Methodology: Keiichi Odagiri, Hiromi Tsubota.

Resources: Keiichi Odagiri.

Software: Hideo Eda.

Supervision: Keiichi Odagiri, Katsuya Yamauchi, Kazuyoshi Zenba, Hiroaki Okawai, Hideo

Eda, Seiichiro Mizuno.

Validation: Keiichi Odagiri, Hiromi Tsubota.

Visualization: Keiichi Odagiri, Hideo Eda.

Writing – original draft: Keiichi Odagiri.

Writing – review & editing: Keiichi Odagiri, Hiroaki Yokota.

References
1. Luo X, Edwards CL, Richardson W, Hey L. Relationships of clinical, psychologic, and individual factors

with the functional status of neck pain patients. Value Health. 2004; 7(1):61–9. https://doi.org/10.1111/j.

1524-4733.2004.71264.x PMID: 14720131.

2. Hogg-Johnson S, van der Velde G, Carroll LJ, Holm LW, Cassidy JD, Guzman J, et al. The burden and

determinants of neck pain in the general population: results of the Bone and Joint Decade 2000–2010

Task Force on Neck Pain and Its Associated Disorders. Spine (Phila Pa 1976). 2008; 33(4 Suppl):S39–

51. https://doi.org/10.1097/BRS.0b013e31816454c8 PMID: 18204398.

3. Ministry of Health LaW. Summary Report of Comprehensive Survey of Living Conditions 2019. 2019.

4. Cote P, Cassidy DJ, Carroll LJ, Kristman V. The annual incidence and course of neck pain in the general

population: a population-based cohort study. Pain. 2004; 112(3):267–73. https://doi.org/10.1016/j.pain.

2004.09.004 PMID: 15561381.

5. Yamato TP, Saragiotto BT, Maher C. Therapeutic exercise for chronic non-specific neck pain: PEDro

systematic review update. Br J Sports Med. 2015; 49(20):1350. https://doi.org/10.1136/bjsports-2014-

093874 PMID: 25136081.

6. Maiers M, Bronfort G, Evans R, Hartvigsen J, Svendsen K, Bracha Y, et al. Spinal manipulative therapy

and exercise for seniors with chronic neck pain. Spine J. 2014; 14(9):1879–89. https://doi.org/10.1016/j.

spinee.2013.10.035 PMID: 24225010.

7. Bruflat AK, Balter JE, McGuire D, Fethke NB, Maluf KS. Stress management as an adjunct to physical

therapy for chronic neck pain. Phys Ther. 2012; 92(10):1348–59. https://doi.org/10.2522/ptj.20110489

PMID: 22700538;

8. Borenstein DG. Chronic neck pain: how to approach treatment. Curr Pain Headache Rep. 2007; 11

(6):436–9. https://doi.org/10.1007/s11916-007-0230-4 PMID: 18173978.

9. Webb R, Brammah T, Lunt M, Urwin M, Allison T, Symmons D. Prevalence and predictors of intense,

chronic, and disabling neck and back pain in the UK general population. Spine (Phila Pa 1976). 2003;

28(11):1195–202. https://doi.org/10.1097/01.BRS.0000067430.49169.01 PMID: 12782992.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0276320 October 17, 2022 9 / 11

https://jp.edanz.com/ac
https://doi.org/10.1111/j.1524-4733.2004.71264.x
https://doi.org/10.1111/j.1524-4733.2004.71264.x
http://www.ncbi.nlm.nih.gov/pubmed/14720131
https://doi.org/10.1097/BRS.0b013e31816454c8
http://www.ncbi.nlm.nih.gov/pubmed/18204398
https://doi.org/10.1016/j.pain.2004.09.004
https://doi.org/10.1016/j.pain.2004.09.004
http://www.ncbi.nlm.nih.gov/pubmed/15561381
https://doi.org/10.1136/bjsports-2014-093874
https://doi.org/10.1136/bjsports-2014-093874
http://www.ncbi.nlm.nih.gov/pubmed/25136081
https://doi.org/10.1016/j.spinee.2013.10.035
https://doi.org/10.1016/j.spinee.2013.10.035
http://www.ncbi.nlm.nih.gov/pubmed/24225010
https://doi.org/10.2522/ptj.20110489
http://www.ncbi.nlm.nih.gov/pubmed/22700538
https://doi.org/10.1007/s11916-007-0230-4
http://www.ncbi.nlm.nih.gov/pubmed/18173978
https://doi.org/10.1097/01.BRS.0000067430.49169.01
http://www.ncbi.nlm.nih.gov/pubmed/12782992
https://doi.org/10.1371/journal.pone.0276320


10. Enwemeka CS, Parker JC, Dowdy DS, Harkness EE, Sanford LE, Woodruff LD. The efficacy of low-

power lasers in tissue repair and pain control: a meta-analysis study. Photomed Laser Surg. 2004; 22

(4):323–9. Epub 2004/09/04. https://doi.org/10.1089/pho.2004.22.323 PMID: 15345176.

11. Siedentopf CM, Golaszewski SM, Mottaghy FM, Ruff CC, Felber S, Schlager A. Functional magnetic

resonance imaging detects activation of the visual association cortex during laser acupuncture of the

foot in humans. Neurosci Lett. 2002; 327(1):53–6. https://doi.org/10.1016/s0304-3940(02)00383-x

PMID: 12098499.

12. Verhagen AP, Schellingerhout JM. Low-level laser therapy for neck pain. Lancet. 2010; 375(9716):721;

author reply 2. https://doi.org/10.1016/S0140-6736(10)60296-6 PMID: 20189016.

13. Kobayashi H, Park BJ, Miyazaki Y. Normative references of heart rate variability and salivary alpha-

amylase in a healthy young male population. J Physiol Anthropol. 2012; 31:9. https://doi.org/10.1186/

1880-6805-31-9 PMID: 22738348.

14. Chow RT, Barnsley L. Systematic review of the literature of low-level laser therapy (LLLT) in the man-

agement of neck pain. Lasers Surg Med. 2005; 37(1):46–52. https://doi.org/10.1002/lsm.20193 PMID:

15954117.

15. Chow RT, Johnson MI, Lopes-Martins RA, Bjordal JM. Efficacy of low-level laser therapy in the man-

agement of neck pain: a systematic review and meta-analysis of randomised placebo or active-treat-

ment controlled trials. Lancet. 2009; 374(9705):1897–908. Epub 2009/11/17. https://doi.org/10.1016/

S0140-6736(09)61522-1 PMID: 19913903.

16. Panah HM, Abbasi M, Yazdi Z, Hayati M. Comparative study of combination therapy with non-steroidal

anti inflammatory drugs and different doses of low level laser therapy in acute low back pain. J Bodyw

Mov Ther. 2021; 27:705–9. https://doi.org/10.1016/j.jbmt.2021.05.015 PMID: 34391310.

17. 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;

17:360. https://doi.org/10.1186/s13075-015-0882-0 PMID: 26667480.

18. Brosseau L, Robinson V, Wells G, Debie R, Gam A, Harman K, et al. Low level laser therapy (Classes I,

II and III) for treating rheumatoid arthritis. Cochrane Database Syst Rev. 2005;(4):CD002049. https://

doi.org/10.1002/14651858.CD002049.pub2 PMID: 16235295.

19. Iain A Rankin HS, Rehman Haroon, Gurusamy Kurinchi Selvan. Low-level laser therapy for carpal tun-

nel syndrome. Cochrane Database of Systematic Reviews. 2017;(8):CD012765. https://doi.org/10.

1002/14651858.CD012765 PMID: 35611937

20. Dundar U, Evcik D, Samli F, Pusak H, Kavuncu V. The effect of gallium arsenide aluminum laser ther-

apy in the management of cervical myofascial pain syndrome: a double blind, placebo-controlled study.

Clin Rheumatol. 2007; 26(6):930–4. https://doi.org/10.1007/s10067-006-0438-4 PMID: 17021664.

21. 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;(2):CD005107.

Epub 2008/04/22. https://doi.org/10.1002/14651858.CD005107.pub4 PMID: 18425909.

22. Leal Junior EC, Lopes-Martins RA, Vanin AA, Baroni BM, Grosselli D, De Marchi T, et al. Effect of 830

nm low-level laser therapy in exercise-induced skeletal muscle fatigue in humans. Lasers Med Sci.

2009; 24(3):425–31. Epub 2008/07/24. https://doi.org/10.1007/s10103-008-0592-9 PMID: 18649044.

23. Bjordal JM, Lopes-Martins RA, Iversen VV. A randomised, placebo controlled trial of low level laser ther-

apy for activated Achilles tendinitis with microdialysis measurement of peritendinous prostaglandin E2

concentrations. Br J Sports Med. 2006; 40(1):76–80; discussion 76–80. Epub 2005/12/24. https://doi.

org/10.1136/bjsm.2005.020842 PMID: 16371497.

24. Tsuchiya K, Kawatani M, Takeshige C, Matsumoto I. Laser irradiation abates neuronal responses to

nociceptive stimulation of rat-paw skin. Brain Res Bull. 1994; 34(4):369–74. https://doi.org/10.1016/

0361-9230(94)90031-0 PMID: 8082027

25. Tsuchiya K, Kawatani M, Takeshige C, Sato T, Matsumoto I. Diode laser irradiation selectively dimin-

ishes slow component of axonal volleys to dorsal roots from the saphenous nerve in the rat. Neurosci

Lett. 1993; 161(1):65–8. https://doi.org/10.1016/0304-3940(93)90141-7 PMID: 8255549.

26. Olavi A, Pekka R, Pertti K, Pekka P. Effects of the infrared laser therapy at treated and non-treated trig-

ger points. Acupunct Electrother Res. 1989; 14(1):9–14. https://doi.org/10.3727/036012989816358560

PMID: 2568075.

27. Nicolau RA, Martinez MS, Rigau J, Tomas J. Neurotransmitter release changes induced by low power

830 nm diode laser irradiation on the neuromuscular junctions of the mouse. Lasers Surg Med. 2004;

35(3):236–41. https://doi.org/10.1002/lsm.20087 PMID: 15389739.

28. Freiwald J, Magni A, Fanlo-Mazas P, Paulino E, Sequeira de Medeiros L, Moretti B, et al. A Role for

Superficial Heat Therapy in the Management of Non-Specific, Mild-to-Moderate Low Back Pain in Cur-

rent Clinical Practice: A Narrative Review. Life (Basel). 2021; 11(8). https://doi.org/10.3390/

life11080780 PMID: 34440524.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0276320 October 17, 2022 10 / 11

https://doi.org/10.1089/pho.2004.22.323
http://www.ncbi.nlm.nih.gov/pubmed/15345176
https://doi.org/10.1016/s0304-3940%2802%2900383-x
http://www.ncbi.nlm.nih.gov/pubmed/12098499
https://doi.org/10.1016/S0140-6736%2810%2960296-6
http://www.ncbi.nlm.nih.gov/pubmed/20189016
https://doi.org/10.1186/1880-6805-31-9
https://doi.org/10.1186/1880-6805-31-9
http://www.ncbi.nlm.nih.gov/pubmed/22738348
https://doi.org/10.1002/lsm.20193
http://www.ncbi.nlm.nih.gov/pubmed/15954117
https://doi.org/10.1016/S0140-6736%2809%2961522-1
https://doi.org/10.1016/S0140-6736%2809%2961522-1
http://www.ncbi.nlm.nih.gov/pubmed/19913903
https://doi.org/10.1016/j.jbmt.2021.05.015
http://www.ncbi.nlm.nih.gov/pubmed/34391310
https://doi.org/10.1186/s13075-015-0882-0
http://www.ncbi.nlm.nih.gov/pubmed/26667480
https://doi.org/10.1002/14651858.CD002049.pub2
https://doi.org/10.1002/14651858.CD002049.pub2
http://www.ncbi.nlm.nih.gov/pubmed/16235295
https://doi.org/10.1002/14651858.CD012765
https://doi.org/10.1002/14651858.CD012765
http://www.ncbi.nlm.nih.gov/pubmed/35611937
https://doi.org/10.1007/s10067-006-0438-4
http://www.ncbi.nlm.nih.gov/pubmed/17021664
https://doi.org/10.1002/14651858.CD005107.pub4
http://www.ncbi.nlm.nih.gov/pubmed/18425909
https://doi.org/10.1007/s10103-008-0592-9
http://www.ncbi.nlm.nih.gov/pubmed/18649044
https://doi.org/10.1136/bjsm.2005.020842
https://doi.org/10.1136/bjsm.2005.020842
http://www.ncbi.nlm.nih.gov/pubmed/16371497
https://doi.org/10.1016/0361-9230%2894%2990031-0
https://doi.org/10.1016/0361-9230%2894%2990031-0
http://www.ncbi.nlm.nih.gov/pubmed/8082027
https://doi.org/10.1016/0304-3940%2893%2990141-7
http://www.ncbi.nlm.nih.gov/pubmed/8255549
https://doi.org/10.3727/036012989816358560
http://www.ncbi.nlm.nih.gov/pubmed/2568075
https://doi.org/10.1002/lsm.20087
http://www.ncbi.nlm.nih.gov/pubmed/15389739
https://doi.org/10.3390/life11080780
https://doi.org/10.3390/life11080780
http://www.ncbi.nlm.nih.gov/pubmed/34440524
https://doi.org/10.1371/journal.pone.0276320


29. Kanui TI. Thermal inhibition of nociceptor-driven spinal cord neurones in the cat: a possible neuronal

basis for thermal analgesia. Brain Res. 1987; 402(1):160–3. https://doi.org/10.1016/0006-8993(87)

91060-2 PMID: 3828783.

30. (Ed.) SL. Physiological responses to heat and cold. Therapeutic heat and cold ( 2nd ed) Waverly

Press, Baltimore (MD) (1965) 126–169. 1965.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0276320 October 17, 2022 11 / 11

https://doi.org/10.1016/0006-8993%2887%2991060-2
https://doi.org/10.1016/0006-8993%2887%2991060-2
http://www.ncbi.nlm.nih.gov/pubmed/3828783
https://doi.org/10.1371/journal.pone.0276320

