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ABSTRACT

Background: Laser acupuncture (LA)—the use of nonthermal, low-intensity laser irradiation to stimulate acu-

puncture points—has become more common among acupuncture practitioners in recent years. LA is promoted as a

safer pain-free alternative to traditional acupuncture, with minimal adverse effects and greater versatility. However,

little is known about the mechanism of action of LA, laser characteristics, and effectiveness of LA therapy.

Objective: This concise review of LA describes basic parameters and procedures, potential mechanisms of

action, and the current evidence for its clinical efficacy. The article also highlights the need for more robust

research on LA that can be translated into evidence-based clinical practices.

Conclusions: LA has many features that make it an attractive option as a treatment modality, including minimal

sensation; short duration of treatment; and minimal risks of infection, trauma, and bleeding complications. Future

studies with high-quality methodologies, ample sample sizes, and consistent and reproducible laser parameters are

critically needed to increase understanding and establish potential future clinical applications.
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INTRODUCTION

Acupuncture, a key component of Traditional Chi-

nese Medicine, is believed to have been practiced for

more than 2500 years, and this modality is among the oldest

healing practices in the world. Acupuncture is based on the

idea that living beings have Qi, defined as an inner energy,

and that it is an imbalance in Qi or interruption in the flow of

Qi that causes illness and disease. Acupuncture therapy is

focused on rebalancing the flow of Qi,1 and the practice is

progressively gaining credibility as a primary or adjuvant

therapy by Western medical providers.2

Historically, stimulation of skin at specific acupoints might

have been performed with stones or bones; currently, tra-

ditional acupuncture is performed by inserting a metal fi-

liform needle into the skin at an acupoint, and electric

currents can be passed between needles (electroacupuncture

[EA]).1 More recently, acupuncture practitioners have begun

to use nonthermal, low-intensity laser irradiation to stimulate

acupoints. Laser acupuncture (LA), also termed low-level

laser therapy (LLLT), dates back to the 1970s with successful

treatment of asthma and hypertension in the Soviet Union.3 In

1984, Zhou4 reported using LA as a type of controlled an-

esthetic during oromaxillofacial surgery. More recently, LA

has been shown, via functional magnetic resonance imaging

(fMRI), to elicit cerebral activation, with involved brain areas

corresponding to specific acupoints.5 LA has also been in-

corporated into veterinary medicine as a way to accelerate

healing in cases such as spinal-cord injury.6,7

LA may be the preferred acupuncture modality for specific

patient populations—such as geriatric and pediatric patients—

because it is noninvasive, pain-free, and possibly associated

with fewer adverse effects. The treatment length of an indi-

vidual LA session (10–60 seconds per acupuncture site) is

shorter than that with metal needles (10–30-minute retention

time), which can reduce the treatment time significantly.8
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Portable LA machines can offer convenient, efficient, and

cost-effective treatment. Application of LA involves many

considerations, including existing data, technical parameters,

clinical indications, safety, and future research to promote

evidence-based clinical practices. The objectives of this re-

view are to offer a summary of LA, including up-to-date

knowledge and potential future of LA in medicine.

MECHANISM OF ACTION

In acupuncture, needles are inserted at specific acupoints,

which may be manually stimulated in various ways, in-

cluding gentle twisting or up-and-down movements. In ad-

dition, the depth of needle penetration is also manipulated by

the acupuncture practitioner. The patient may report sensa-

tions of De Qi, which are feelings of pressure, warmth, or

tingling in the superficial layers of the skin. Many theories to

explain how acupuncture works have been proposed, in-

cluding the gate-control theory of pain and the endorphin-

and-neurotransmitter model.1 Others have postulated that

acupuncture modulates transmission of pain signals and al-

ters release of endogenous endorphins and neurotransmit-

ters, resulting in physiologic changes.1

One clear difference between needle acupuncture and LA

is that LA does not physically penetrate the skin. Despite

greater understanding of LA, it is unclear how nonthermal,

low-intensity laser irradiation stimulates acupoints, and it is

possible that the mechanism of LA is entirely separate from

our present understanding of acupuncture. Current theories

postulate that LLLT could have a positive effect on modu-

lating inflammation, pain, and tissue repair, given appro-

priate irradiation parameters.9

Variables in LA could affect the degree of physiologic

response. The structure of skin is multilayered, inhomoge-

neous, and anisotropic, which makes its optical properties

complex. In addition, scattering and absorption causes incident

light to generally decrease in an exponential- and wavelength-

dependent manner as it passes through skin,10 and power output

and energy doses also affect the level of light penetration and

scattering. Furthermore, heterogeneity among individuals in

terms of skin pigment, thickness, and location on the body

makes light penetration inconsistent and difficult to standard-

ize. Hemoglobin and melanin can absorb ultraviolet radiation

and some wavelengths of visible light (380–625 nm), which

limits light transmission through skin.10 In contrast, visible red

light and infrared radiation (625–1000 nm) are absorbed less

and thus are most often used for LA.11,12 In addition, different

wavelengths, power outputs, and energy doses also affect the

level of light penetration and scattering. Because of the many

confounding variables inherent to LA, clear objective evalua-

tion continues to be a challenge.

Several animal and human studies have provided addi-

tional insight into the potential physiologic effects of laser

therapy.

Anti-Inflammatory Effect of Lasers

Inflammation reduction comparable to that of nonsteroi-

dal anti-inflammatory drugs has been reported with animal

studies that used red and near-infrared LLLT, with laser

outputs ranging from 2.5 to 100 mW and delivered energy

doses ranging from 0.6 to 9.6 Joules. Human studies have

shown similar anti-inflammatory effects with LLLT, which

may account for many of the associated positive clinical

effects.13

Neural Modulation by Laser

Low-level laser stimulation of acupoints has been reported

to influence peripheral and central nervous system activity.

In an animal study, stimulation of acupoints LI 4 and ST 36

with a 780-nm laser decreased somatosensory-evoked po-

tentials activated by noxious stimulation of tooth pulp.14 The

reduction observed with lasers was similar to that associated

with EA of the same acupoints. The reduced amplitude of

somatosensory-evoked potentials corresponded to the pro-

duction of analgesia.

In a human study, LA of the acupoint BL 67, empirically

associated with ophthalmic disorders, resulted in activation

of visual cortex areas on fMRI.5 Sham acupuncture at that

acupoint did not show activation.

In a study of 50 patients with diabetes mellitus and mild-

to-moderate, unilateral, carpal tunnel syndrome, application

of an infrared laser (20 mW; dose: 4.8 Joules) was compared

with ultrasound applied to the symptomatic volar wrist.15

One stimulation point was over the median nerve, 5 cm

proximal to the volar wrist crease (approximate location of

the PC 6 acupoint). The cohort receiving laser treatment had

marked pain reduction (* 4.5 points on a 10-point visual

analogue scale). In electrophysiologic tests, the laser cohort

had significantly reduced (improved) median distal motor

and sensory latencies (P£ 0.05 for both) and increased

(improved) median compound muscle action potential am-

plitudes and median motor conduction velocity (P £ 0.03 for

both).

Cellular Effects of LLLT

Red and infrared laser wavelengths are absorbed by cyto-

chrome C oxidase protein in the mitochondrial cell mem-

branes. This absorption is associated with increased adenosine

triphosphate production by the mitochondria, which. in turn,

increases intracellular calcium (Ca2+) and cyclic adenosine

monophosphate, which serve as secondary messengers that

aid in regulation of multiple body processes, including signal

transfer in nerves and gene expression.16

Nitric oxide (NO) inhibits cytochrome C oxidase activity,

but LLLT dissociates NO from cytochrome C oxidase and

improves cell physiology through increased cellular respi-

ration. LLLT also protects cells against NO-induced death.16
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LLLT appears to improve cell physiology by increasing the

overall cell redox potential toward greater oxidation and in-

creased reactive oxygen species while simultaneously de-

creasing reactive nitrogen species. These changes in the redox

state activate numerous intracellular-signaling pathways,

including nucleic-acid synthesis, protein synthesis, enzyme

activation, and cell cycle progression.17 LLLT also alters

expression of genes that can enhance cell growth and inhibit

cell apoptosis.16 These cellular effects of LLLT might re-

flect its ability to induce long-term changes in cells and

LLLT’s benefits for wound healing, nerve regeneration, and

reduction of inflammation.

LASER CHARACTERISTICS

Lasers with output exceeding 500 mW, which are used for

heating and direct tissue effects (e.g., tissue coagulation in

surgery applications) are categorized as Class 4 ‘‘hard’’ la-

sers.18 In contrast, lasers used for acupuncture applications

typically have a power output of 5–499 mW and are catego-

rized as Class 3b ‘‘soft’’ lasers. Some commercially available

‘‘laser devices’’ are not true lasers; rather, they use arrays of

red or infrared light-emitting diodes (LEDs) that have non-

collimated light outputs. Noncollimated light scatters and re-

flects at superficial 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,19 the low energy penetration of LED devices theoreti-

cally fails to stimulate acupoints. However, LED devices often

compensate for light scatter by using higher-output LEDs to

enhance energy penetration through the skin.

The power density of a laser, defined as laser energy

supplied per area (W/cm2), influences its depth of energy

penetration. A 50-mW laser with a beam size of 1 cm2 has

an energy density of 0.05 W/cm2, whereas the same power

laser with a beam size of 1 mm2 has an energy density of 5

W/cm2. A higher energy density results in deeper energy

penetration through skin.

Energy transmission through the skin is also affected

by absorption of light energy by skin structures. Light

wavelengths from 650 to 900 nm have the best penetration

through skin. Lower wavelengths are absorbed by melanin

and hemoglobin, and wavelengths longer than 900 nm are

absorbed by water. With a well-focused laser beam, red

wavelengths (* 648 nm) can penetrate 2–4 cm beneath the

skin surface, and infrared wavelengths (* 810 nm) can

penetrate up to 6 cm.20,21

LA devices may have 1 beam (a single-channel device) or

multiple beams. The Weber* laser needle system20 has 12

separate lasers to treat multiple acupoints simultaneously.

SAFETY OF LA

In contrast to needle acupuncture, LA is noninvasive and

can be a more feasible treatment for young and elderly pa-

tients or those who are afraid of needles.22 Typically, patients

do not feel any sensations when a low-light laser is used,23

although some patients have reported a tingling or ‘‘light

touch’’ sensation.24 Adverse effects, such as transient dizzi-

ness, headaches, and fatigue have been reported with LA.24

The noninvasive nature of LA also minimizes the risk of

adverse events, such as organ puncture, infection, or bleeding

complications25 (Fig 1). LA also facilitates stimulation of

areas that are difficult or uncomfortable to needle, such as

auricular acupoints.26 By using a multichannel laser system,

multiple acupoints can be treated simultaneously, just as in a

metal-needle acupuncture treatment.20

Because the lasers used in LA are Class 3b lasers, irra-

diation could potentially cause serious eye damage; there-

fore, patients and providers must wear protective eyewear

during treatment. In addition, other precautions should be

undertaken, including not directing the laser toward the

fetus if a patient is pregnant, not irradiating the heart region

of patients with cardiac conditions, and avoiding hemor-

rhagic areas and the gonads. The epiphyseal line in children

should be avoided, and children younger than age 2 should

not receive LA. Direct irradiation of tumors should be

avoided because it may stimulate their growth.27

CLINICAL EVIDENCE
OF LA’S EFFECTIVENESS

Globally, LA continues to be used clinically and experi-

mentally as a sole or adjunct modality for various indications,

most commonly management of chronic pain.28 Studies on

LA have mostly examined musculoskeletal disorders, with

pain reduction as the primary endpoint.9 Despite the growth,

FIG.1. Acupuncture of an upper extremity with red-laser nee-
dles.

*The Mayo Clinic does not endorse specific products or ser-
vices included in this article.
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popularity, safety profile, and versatility of LA, its effective-

ness in the clinical setting remains unclear. The skepticism

surrounding LA is compounded by the fact that its mecha-

nisms of action are understood poorly. In addition, no specific

guidelines have been developed for LA with regard to laser

parameters and energy dosages; hence, studies are difficult to

replicate and results are inconsistent.29 Conclusions of pre-

vious studies have been challenged because of the poor

methodology and inconsistent laser parameters used.10

In 2008, Baxter and colleagues28 conducted a systematic

review of randomized controlled trials (RCTs) to examine the

clinical effectiveness of LA. These researchers identified

moderate evidence supporting LA as an effective treatment

for reducing myofascial pain and moderate evidence sup-

porting the use of LA for postoperative nausea and vomiting.

LA has limited evidence supporting its use for treating chronic

tension headaches and insufficient evidence for treating lateral

epicondylitis. In 2015, Law and colleagues29 conducted a

systematic review and similarly reported moderate evidence

supporting the use of LA for managing musculoskeletal pain,

when applied in appropriate treatment dosages. Other sys-

tematic reviews that included LA as a treatment modality for

asthma in children noted that total sample sizes were small

and the methodologic quality of the studies was low, with no

compelling evidence to suggest that LA was an effective

treatment option.30 Similarly, LA was not effective for obesity

management.31

DISCUSSION

This concise review of LA, we provides additional insight

and understanding about a kind of treatment that is becoming

more common among acupuncture practitioners. Although

LA is promoted as a safer, pain-free alternative to traditional

acupuncture, with minimal adverse effects and greater ver-

satility, much remains to be learned about its mechanism of

action, how laser characteristics interact with human tissue,

and ultimately, the effectiveness of LA.

Existing evidence provides some insight into the anti-

inflammatory effects, neuromodulation, and cellular effects

of LLLT; however, the data remain sparse overall. Only a

limited number of studies have assessed the effects of LLLT

on specific acupoints. More robust studies are needed to

examine the effects of LLLT on additional acupoints and to

determine how these effects may be translated into clinical

outcomes. Differences in laser characteristics—such as

wavelength, power output, and energy dose—affect the le-

vel of light scattering and penetration through skin tissue. In

addition, light penetration is difficult to standardize because

of the complex optical properties of skin and heterogeneity

in skin characteristics and treatment locations among indi-

viduals. The skepticism surrounding LA is compounded by

the absence of guidelines for laser parameters and energy

dosages. Studies remain difficult to replicate, and published

results are inconsistent. However, systematic reviews of

RCTs examining the clinical effectiveness of LA show

promise in supporting it as an effective treatment for re-

ducing myofascial pain and for managing musculoskeletal

pain, and support LA’s use for addressing postoperative

nausea and vomiting.

LA has many features that make it an attractive treatment

option, compared with classic acupuncture, for certain patient

populations. LA may be preferred by pediatric and geriatric

patients and by patients with needle phobias because it does

not penetrate the skin, and LA is associated with minimal

sensation and minimal risk of infection, trauma, and bleeding

complications. These features may make LA more feasible in

patients with serious comorbid conditions, hospitalized pa-

tients, and other patients with increased risks of complica-

tions such as bleeding and infection. In addition, the duration

of treatment is generally shorter, and more acupoints can be

used during finite treatment times.

CONCLUSIONS

Despite the growing understanding of the physiologic

effects of LLLT and its interactions with animal and human

tissue, the mechanism of action of LA is still not understood

clearly. Conclusions drawn from systematic reviews of the

existing published trials are often weakened by incon-

sistencies in methodology and laser parameters used and by

the small sample sizes, highlighting the critical need to

conduct additional studies with high-quality methodologies,

greater sample sizes, and laser parameters that are consistent

and reproducible. These changes will increase understand-

ing of LA and can be used to establish clear recommenda-

tions for its clinical applications.
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