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D

espite its analgesic, anti-inflammatory
and bio-stimulating effects, laser therapy
is currently underutilized by the medical

community due to a lack of knowledge regarding
its benefits.

Introduction
Cold (nonsurgical) laser therapy is a form of photobiomodulation (PBM) therapy, which can be used for the
treatment of both acute and chronic pain. Compared
with alternative therapies like acupuncture (ca. 80003500 B.C.), chiropractic (1895), and even physical medicine and rehabilitation (1947), cold laser therapy is a
relatively recent development in medicine. The first cold
laser was FDA-approved for treating pain in 2001, and
low-level laser therapy (LLLT) has only been widely used
in clinical practice in the United States since 2002. Highintensity laser therapy (HILT) is a more recent development, with the first publications appearing in 2009.1 LLLT
using Class II and III lasers (producing <500 mWatts

[mW] or <0.5 W of power) is a noninvasive, painless and
easily administered therapy for a wide variety of superficial clinical conditions (Tables 1-3).2 It has been promoted
as an effective way to produce analgesia and accelerate
healing when used as an adjuvant to both pharmacologic
analgesics and physicotherapy.2-4
Studies have revealed that LLLT is effective in alleviating pain associated with superficial medical and
surgical conditions (e.g., women with nipple pain associated with prolonged breastfeeding,5 plantar fasciitis,6
and facilitating wound healing7; Table 3). LLLT devices
use red beam or near-infrared nonthermal lasers with a
wavelength between 600 and 1,000 nanometers (nm)
and from 5 to 500 mW of power (Tables 1, 2 and 4).
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On the other hand, HILT devices are more powerful Class IV lasers producing >40 W of power at longer
wavelengths (e.g., Phoenix Thera-lase [1,275 nm] and
CureWave [1,280 nm]), thereby allowing deeper tissue

penetration (Table 1). These devices have been introduced as noninvasive treatment modalities for both
acute and chronic pain requiring deeper tissue penetration (Table 1).8 HILT therapy has been used to treat

Table 1. Characteristics of Cold Laser Devices
Used for Providing Low-Level Laser Therapy and High-Intensity Laser Therapy
Feature

Low-Level Laser Therapy

High-Intensity Laser Therapy

Laser class

I, Im, II, III

IV

Wavelength

600–980 nm

660–1,280 nm

<1 W

1-75 W

Low (<2 cm)

Deep (5-15 cm)

<1.0°C

Low thermal accumulation

Power
Penetration abilities
Temperature changes

Table 2. Commercially Available Cold Laser Systems
Brand Name

Wattage

Wavelength

Apollo

0.5-20 W

810 nm

1-60 W

810-980 nm

0.66-1.4 W

808 nm

BioLase Epic

10 W

940 nm

BioLight Aura PTL

5 mW

635 nm

BTL 6000 High Intensity Laser

10 W

1,064 nm

1-44 W

1,280 nm

1.1-3.3 W

810 nm

7.5-20 mW laser diodes

635 nm

Aspen Summit
Avant

CureWave HILT
Cutting Edge
Erchonia XLR8 laser
Ga–Al–As laser
Infrared laser IR810/400 probe
Irradia Mid-Laser
K-Laser
Light Force/LiteCure
Lumix Series 2-3
Multiradiance LaserStim
Nd:YAG laser

50 mW

809 nm

400 mW

808 nm

120 mW

660 nm

20 W

904 nm

6-20 W

660-980 nm

10-25 W

810/980 nm

45-250 W

810-910 nm

7.5 mW

660 nm

25 W

905 nm

0.25 W

1,064 nm

10 W

810-980 nm

37-75 W

1,275 nm

9W

810-980 nm

R650/50 probe

50 mW

658 nm

TerraQuant

15-50 W

660-905 nm

150 mW

660 nm

2W

810 nm

Nexus
Phoenix Thera-Lase
Pilot Diode Laser

THOR Laser
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degenerative joint conditions and a wide variety of musculoskeletal disorders.8-11 HILT lasers work by administering a focused laser beam with peak power in the
range of 20 to 75 W (which represents the maximum
optical power of a given pulse) at longer wavelengths of
light (>800 nm).12-13 The newest HILT device is manufactured by CureWave Lasers LLC (Dallas), and provides a
maximum 44 W of power at a wavelength of 1,280 nm.
The main advantage of the CureWave HILT device is
that it can come in closer contact with the skin without overheating or burning the skin. The wavelength is
important because higher wavelengths have reduced
absorption of the laser beam by melanin, oxyhemoglobin and hemoglobin (Figure 1), thereby allowing deeper
penetration into the soft tissue and muscle. With more
powerful lasers, which also function at longer wavelengths, HILT devices can effectively stimulate larger
tissue areas while also penetrating more deeply into the
soft tissue (Figure 1).14 Although there are several different commercially-available HILT devices (Figures 2-7),
not all of these devices have been approved for clinical
use by the FDA.

Proposed Mechanisms of PBM Therapy
PBM therapy has been studied for over 40 years.
The more recently introduced form of PBM, namely
cold laser therapy, has been demonstrated to produce an anti-inflammatory effect which promotes tissue healing and reduces pain. Animal studies suggest
that cold lasers also promote fibroblast proliferation
and the synthesis of Types I and III procollagen mRNA,

which hastens bone healing and facilitates wound
revascularization.15
The proposed mechanism of action of laser therapy relates to the ability of damaged cells to absorb
the emitted photons of light and transform the energy
into ATP (Table 4). Laser stimulation enhances the production of ATP by forming singlet oxygen and reactive
oxygen species.15 The light-absorbing components of
the cell are termed chromophores (i.e., photo-acceptors or photon receptors) and are contained within the
mitochondria and cellular membrane. Cell components
(e.g., cytochrome c, porphyrins and flavins) also have
light-absorbing capacity.
The proposed mechanism of LLLT is related to electronic excitation of chromophores via cytochrome
c oxidase (unit IV in the mitochondrial respiratory
chain), which modulates a redox status of the molecule to enhance cellular functional activity. The chromophores contain both heme and copper centers that
absorb light in the near-infrared region. The light-emitted photons dissociate inhibitory nitric oxide from the
cytochrome c oxidase enzyme leading to an increase
in electron transport and the mitochondrial membrane potential, thereby enhancing ATP production.
The energy density (joules[J]/cm 2) correlates with
the efficiency of laser radiation. The energy density
is also responsible for regulating or “speeding up” the
transport of electrons in the mitochondrial respiratory
chain.16
The World Association of Laser Therapy has established that target tissues need an energy density of 5

Table 3. Clinical Applications of Low-Level Laser Therapy and High-Intensity
Laser Therapy for Acute and Chronic Pain
Low-Level Laser Therapy

High-Intensity Laser Therapy

• Acute and chronic pain related to herpes virus
• Bactericidal effects
• Carpal tunnel syndrome
• Dental pain
• Fibromyalgia-related pain
• Headache
• Low back pain
• Mucositis-associated pain
• Musculoskeletal back pain
• Neck pain
• Neuropathic pain
• Opioid dependence
• Osteoarthritis
• Pain due to acute muscle injury
• Plantar fasciitis
• Postoperative pain
• Shoulder pain
• Trigeminal neuralgia
• Wound repair

• Bactericidal effects
• Chronic lumbar radiculopathy
• Fibromyalgia-related pain
• Hemophilic arthropathy
• Low back pain
• Myofascial pain syndrome
• Neck pain
• Opioid dependence
• Osteoarthritis
• Pain related to herpes virus
• Post-burn pruritus
• Postoperative pain
• Shoulder pain
Note: Several of the applications listed for LLLT have also
been successfully treated with HILT. Although some of
these applications have not been formally studied using
a HILT device, there is no reason to expect that these
conditions would not respond as well or even better
compared with LLLT.
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Table 4. Terminology and Definitions Used in Laser Science and Laser Safety Issues
Term

Definition

Notes

Photobiomodulation

The new term for LLLT, cold laser, laser therapy
and HILT.

A form of light therapy that uses non-ionizing light
sources, including lasers, light-emitting diodes and/or
broadband light.

Electromagnetic
radiation

The radiant energy released by certain
electromagnetic processes.

Includes radio waves, microwaves, infrared radiation,
visible light, ultraviolet radiation, x-rays and gamma rays.

Electromagnetic
spectrum

The range of wavelengths and frequencies of
electromagnetic radiation.
The part of the molecule that captures light energy.

Cytochrome c

A component of the electron transport chain in
mitochondria.

Laser wavelength
(nm)

Wavelength refers to the physical distance
between crests of successive waves in the laser
beam.

Near-infrared
(NIR) window

Therapeutic or optical window:
The range of wavelengths from 650 to 1,350 nm
where light has its maximum depth of penetration
into biological tissue.

Medical laser wavelengths:
Visible: 400-700 nm
Near-infrared: 650-1,350 nm
10 6

Absorption Coefficient µa [cm-1]

Chromophore

10 5

Therapeutic
window

Collagen

Protein

10 4
10 3

Melanin

10 2
Hb

101

Hb02

10 0

Water

0.1

0.3

0.650 µm

1.3 µm

3

10

Wavelength λ [µm]

Laser pulse
energy (J)

Pulsed mode: the energy of laser pulse is a more
reliable parameter for reporting the power of these
lasers.

Continuous wave

A laser which runs at constant power output for a
defined period of time (60-80 sec).

Laser power (W)

The rate at which energy is generated by the laser.
Radiant energy emitted per unit of time.
Laser power of 1 watt = 1 joule of energy in 1 second.

Pulse duration (ms)
or pulse width

Temporal length of laser pulse; that is, the time
during which the laser actually emits energy.

Peak power

Power level during an individual laser pulse.

Laser beam area
or spot size (cm2)

Diameter of the laser beam on the target. By
changing the distance of the laser head from the
skin, the laser beam spot size will vary.
Area of the beam on a surface. Beam area will
depend on treatment head used and distance the
treatment head is held from the surface.*

Treatment area
(cm2)

Area of the skin surface that is treated.

Energy is measured in joules.

Peak power = Pulse energy/Pulse duration
Skin Surface
Beam
Area

Skin Surface

Beam Area

Treatment
Area

table continues on next page
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Table 4. Terminology and Definitions Used in Laser Science and Laser Safety Issues
Notes

Fluence (J/cm )
Dose of energy or
energy density

Amount of energy (J) delivered to the treated area
(cm2).

Fluence = Energy/Area

Frequency
(hertz [Hz])
(repetition rate)

Laser pulses are emitted periodically at a pulse
rate, such as 10-40 pulses/sec. The Class III
super-pulsed lasers, e.g., Multi Radiance Medical
Technology (Solon, Ohio), produce “high powered
light (905 nm) in billionth of a second” pulses to
create a high photon density. This type of LLLT
device is alleged to generate a total power of up to
50,000 mW (comparable to a HILT device).
Pulses per second = Hz

Irradiance or
power density
(W/cm2)

The output power of the laser divided by the beam
area. The power intensity at the surface of the skin.

10 Hz

Time

Time

20 Hz
Power

Power

Continuous
Wave

Time

40 Hz
Power

Definition
2

Power

Term

Time

Skin Surface

Beam
Area

Dose = Irradiance
x exposure time
(J/cm2)

Total energy delivered divided by the total
treatment area.

Skin Surface Area = 100 cm2

1,000 Joules
Delivered to Area

Dose
1,000 J/100 cm2
= 10 J/cm2

Absorption
coefficient =
absorbed energy/
laser energy

The amount of absorbed energy versus the total
used energy.

One of the most important optical features of target
tissue is its ability to absorb the laser light.

Thermal
relaxation time
(TRT)

The time it takes for an object to cool down from
100º C to 50º C.
Rule: A smaller object cools faster than a larger
object of the same material and shape, which
means that the smaller target has a shorter TRT.
This fact is important when the tissue needs to
be heated to a desired temperature at a certain
fluence setting. If the pulse width is too long,
the tissue will start cooling itself via thermal
conduction prior to the completion of a pulse,
causing a negative clinical effect.

The second parameter that should be taken into
consideration when estimating the TRT is the shape
of the target tissue. A sphere (e.g., skin cells) having
360 degrees of cooling surface area cools faster
than a cylinder (e.g., hair follicles). This allows a hair
follicle to retain its heat while the skin cells can cool
much more efficiently. For this reason, parameters
can be selected to destroy the follicle without causing
damage to the skin. For targeting smaller structures,
a shorter pulse duration and higher fluence are
recommended.

Laser safety
issues

Eye protection

All persons in the operating room must wear safety
eyewear. Light from the laser can cause severe
corneal and retinal damage to the unprotected eye.
Eyewear must have side shields and be worn over
prescription glasses.

Reflection

Laser light is easily reflected, and care must be taken
to ensure the beam is not directed toward shiny
surfaces.

Electrical hazard

The interior of the laser machine contains high
voltages and exposed invisible laser radiation. Only
technicians trained in electrical and laser safety are
authorized to perform internal maintenance.

A n e s t h e s i o l o g y N e w s S p e c ia l E d i t i o n 2 0 1 9

69

to 7 J/cm2 to elicit a biological cellular response.17 Several studies using cold laser therapy for musculoskeletal pain have shown that better therapeutic effects
of laser therapy are achieved with higher energy density (i.e., HILT), as well as by administering additional
laser treatment sessions.18,19 Huang et al20 also demonstrated that the beneficial outcomes of cold laser
therapy were related to the amount of energy (J)
administered to the injured tissue/nerves.
Additionally, HILT may have a direct stimulatory
effect on nerve structures, which could increase the
speed of recovery from conduction block or inhibition of A-delta and C-fiber transmission.21 Chow and
Armati22 reported that animal studies using noxious
stimuli indicate that HILT devices produce nociceptor-specific inhibition of nerve conduction, leading to
inhibited transduction of pain signals from the periphery to the central nervous system. In addition, there is
increasing evidence that laser therapy can disrupt neuronal physiology, affecting axonal flow and cytoskeleton organization. These laser-induced changes are

100,000

completely reversible with no side effects or residual
nerve damage.
In summary, laser-induced analgesia appears to be
based on the capacity of infrared light to modulate
various metabolic processes by converting the laser
light energy through biochemical and photo-physical processes to transform the laser light into energy,
which is used to promote cellular healing.21

Techniques Used for Administering
Laser Therapy
Multiple variables affect the clinical therapeutic
effects of infrared laser treatments, including energy
density, wavelength, laser delivery system, the number of treatment sessions and their duration.23 The
lack of consistency with respect to controlling these
important parameters contributes to the inconsistent results reported in the peer-reviewed literature.
It has also been suggested that a therapeutic window
exists in order to generate effective photo-stimulation
in order to achieve the therapeutic benefits of PBM
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10,000

Melanin
ND:YAG

1,000

Absorption Coefficient
(per centimeter)

CO2
Hemoglobin

100

Water

Diode
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Oxyhemoglobin

1.0
0.1

1,250 nm

0.01

1,500 nm

0.001

0.2

1.0

{

0.0001

1,280 nm

3.0

10

Wavelength (microns)

Visible
Light Spectrum
Figure 1.
This graph illustrates the effect of different wavelengths of the laser beam on absorption of the infrared light by
water, hemoglobin, oxyhemoglobin and melanin. High-intensity laser therapy (HILT) devices like Phoenix Thera-lase
and CureWave, which function at longer wavelengths (>1,250 nm), have markedly reduced absorption by melanin,
hemoglobin and oxyhemoglobin compared with HILT devices like LightForce (LiteCure; 980 nm).
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therapy.23 Other important issues that require further
study include determining the effects of laser therapy
on the activity of abnormal cancer cells when laser
therapy is used for treating cancer-related pain, as well
as the effects of laser therapy in patients with concussions and chronic neurodegenerative diseases.
The therapeutic laser dose depends primarily on
three factors: power output, wavelength and time
(i.e., duration of treatment sessions).17 These factors
have also been reported to have the greatest influence in enhancing tissue healing and improving clinical outcomes.20,24-25 Surprisingly, the optimal laser
dose required to produce the desired photo-stimulating effect on specific body regions remains largely
unknown. Achieving a therapeutic dose without underor overstimulating the target tissues is one of the most
challenging aspects in administering PBM therapy.25 If
the amount of energy absorbed is insufficient to stimulate the absorbing tissues, no reactions or changes
can occur in the targeted body tissues. Weak stimuli
(i.e., underdosing) produces little or no effect on cellular function, moderate to strong laser stimuli positively enhance cellular function, while excessively
strong stimuli (i.e., overdosing) can suppress or inhibit
cellular function and further damage the tissue due to
the adverse effects of overheating the tissue.20 Future
research is needed to determine the optimal doses and
frequency/duration of cold laser treatments for treating acute and chronic pain with both LLLT and HILT.
Wavelength is obviously an important parameter
because it determines the ability of a laser beam to
penetrate tissue (Figure 1 and Table 4).26 When light
therapy is administered directly to the patient’s skin,
some of the laser light effect is attenuated by superficial tissue layers due to absorption into skin pigments (e.g., melanin). Joensen et al27 revealed that the
amount of penetrating light energy is 20% for a wavelength of 810 nm and 58% for a wavelength of 904
nm. Tuner and colleagues have analyzed the reasons
for negative studies with LLLT.28-31 For example, the
majority of light energy (50% to 90%) was absorbed
by the skin and subcutaneous tissues and only 10% to
50% penetrates into the deeper tissue layers, depending on the wavelength.
Diodes with wavelengths ranging from 400 to 700
nm can transmit light energy only to the epidermal and
subdermal tissue layers (<1 cm) and are therefore best
suited for treating superficial wounds and skin disorders. These lasers can also lead to burning when they
are in close contact with the skin surface. Laser diodes
with wavelengths ranging from 820 to 904 nm can
transmit light energy from 2 to 4 cm beyond the skin
surface. Lasers with higher wavelengths (>1,000 nm)
are best suited for treating deep soft tissue injuries
(e.g., muscle, deep fascia, ligaments, joints).24,32-33
In contrast to LLLT, HILT is delivered either in short
bursts (120-150 msec) or continuously at 60-sec
intervals, with a brief duty cycle (0.1%), to prevent
the laser from reaching the thermal tissue threshold

while allowing time for adequate thermal relaxation
(Table 4). This is important for preventing superficial
tissue damage and avoids potentially harmful thermal
accumulation leading to tissue damage from overheating of the soft tissue. Additionally, the pulsed delivery
of light allows higher doses of photo-energy to reach
deeper tissues, particularly at short pulsed and low
repetition rates.34 For example, a 905-nm continuous
wave infrared laser allows 2.5 cm penetration of a clinically effective dose of photo-energy, while a 905-nm
super-pulsed infrared laser can achieve a depth of 10
cm for nanoseconds.34 However, with the use of higher
wavelengths (>1250 nm) it is possible to administer
longer pulse durations, up to and including a brief continuous wave lasting 60-80 sec to achieve deeper tissue penetration for a more sustained period of time,
resulting in a greater clinical effect without producing tissue damage. High-power longer pulsed continuous emission provides broader coverage (i.e., wider
treatment area) and a greater therapeutic photomechanical effect. The wider coverage provided with the
newer more powerful HILT devices also reduces treatment times.
Cold laser therapy is administered using a simple
“point and shoot” technique at the involved tissue
area(s) and/or nerves. In addition to accurately identifying the painful area (as well as the nerve innervation
to the symptomatic area [i.e., peripheral nerve roots]),
other important variables to consider in administering laser therapy are the optimal power level (W) and
wavelength (nm) of the laser beam itself to achieve
adequate tissue penetration, treatment times, and
number of initial and follow-up treatment sessions. The
laser technician administering the treatments must
be trained in laser safety procedures and have background training in anatomy, kinesiology and/or physical therapy. After identifying the painful area, the laser
beam is pointed directly at the overlying skin area at
varying distances depending on the power and wavelength of the laser device. The low-power lasers used
for LLLT can be placed in direct contact or within 3
to 5 in of the skin surface. However, direct contact of
the laser head with the skin can potentially lead to
cross contamination between patients. Typically, these
superficial LLLT treatments require 5 to 20 min.
However, the more powerful HILT devices require that
the laser probe be held a distance of 10 to 12 in from
the skin surface to avoid overheating the treated area.
The designated body area(s) are treated with a series of
interrupted continuous 60-sec treatments to cover the
symptomatic area (the exact distance depends on the
width of the laser beam). With the current HILT devices,
the width of the laser beam varies from 2.5 up to 5 cm.
Limiting the HILT treatment times to 60 to 80 sec at
each point will avoid overstimulating the tissue, which
leads to tissue fatigue and release of muscle enzymes.
Depending on the size of the painful area and/or
number of symptomatic body areas, a HILT treatment
session can last from 10 to 45 min. The patients may
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Figure 2.

Figure 3.

Phoenix Thera-lase high-intensity laser therapy device.

CureWave high-intensity laser therapy device.

Lightforce high-intensity laser therapy device (LiteCure).

Figure 6.
Aspen Summit high-intensity laser therapy device
(Aspen Laser Systems).
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Figure 5.
K-Laser Cube high-intensity laser therapy device
(Eltech K-Laser).

Figure 7.
BTL-6000 high-intensity laser (BTL).

Product photos courtesy of their respective companies.

Figure 4.

be asked to perform simple range of motion exercises
immediately before, during and after the laser treatment session if the treatment involves a tendon or joint
to optimize the treatment response. Typically, the analgesia following a single laser treatment session lasts 2
to 4 days, and with repeated treatments the analgesic
effect can be prolonged 7 to 10 days or longer. Although
some acute injuries resolve after only 1 to 2 treatment
sessions, most chronic pain conditions require a series
of 8 to 12 treatment sessions over 3 to 4 weeks, followed by maintenance treatment every 3 to 5 weeks
for progressive conditions. Interestingly, we have found
that the clinical pain-relieving effects of HILT in patients
with chronic pain are similar to the effects achieved
with acustimulation using needles at either acupoints
or dermatomes.2 However, the magnitude of the acute
response to HILT appears to be greater than acustimulation and the beneficial effect is longer lasting.
Laser beams target surgical incision sites for postoperative analgesia (and to stimulate faster wound
healing), painful trigger points, acupoint sites associated with the painful symptoms, paraspinous region
of the spinal column, peripheral nerves innervating
areas of numbness and pain (e.g., neuropathic pain),
and/or broad soft tissue coverage to reduce localized pain and inflammation, thereby stimulating tissue
and peripheral nerve healing.35 From a safety standpoint, the most important consideration is to avoid
direct exposure of the laser beam to the eye, which
will cause retinal damage. Special protective goggles
should be worn by both the patient and the operator
during the treatment sessions. These goggles should
block the wavelength of the cold laser system being
used and can be purchased from laser safety manufacturers (e.g., Laservision USA). All laser technicians
should be certified in laser safety procedures by completing an online laser training course (e.g., Thor Labs’
cold laser training program, found at www.thorlaser.
com/courses/index-US.php).36

Evidence-Based Clinical Applications of
Cold Laser Therapy
Osteoarthritis
Cold laser therapy has been proven to reduce pain
and improve physical disability associated with osteoarthritis (OA) of the knee,4,9,37-39 even prolonging the time
to needing knee replacement surgery40 and improving physical activity.9,37,38 Other OA studies in former professional athletes have demonstrated reduced
pain and improved activity after only a few treatment
sessions.11,41,42

Hemophilia-Induced Arthritis
Hemophilia-induced arthropathy due to recurrent
joint bleeding leads to physical, psychological and
socioeconomic problems in children. HILT reduced pain,
increased functional capacity, and improved gait performance in children with hemophilic arthropathy after
only a few treatment sessions.43,44

Chronic Low Back Pain
Low back pain is a major cause of medical expenses,
absenteeism and disability, with an estimated prevalence
in developed countries of 23%, and 48% in low and middle income countries.45,46 HILT has been shown to be
highly effective in patients with musculoskeletal back
pain,47 improving pain and functionality and reducing disability.14,48,49 However, some studies have found that LLLT
fails to provide pain relief or improve functional capacity
in patients with low back pain.50-52

Chronic Neck Pain
Neck pain is a common and costly condition for which
pharmacologic management has limited evidence of efficacy. Studies and systematic reviews have revealed the
benefit of laser therapy for acute and chronic neck pain.45
HILT can provide short-, intermediate- and long-term
benefits with respect to pain control, improved range of
motion and functional activity.45,53-55 HILT is also effective
for the treatment of myofascial pain syndrome.56-58

Plantar Fasciitis
Laser therapy has been reported to reduce chronic
heel pain arising from plantar fasciitis.6,59 Both LLLT and
HILT have been reported to improve pain control, functionality and quality of life in patients with plantar fasciitis.60,61 However, both the short- and long-term beneficial
effects of LLLT are more variable than with HILT.59,62

Acute Postoperative Pain
About 80% of patients experience mild to severe pain
after elective surgery.63 Inadequately treated pain may
result in clinical and psychological changes that increase
morbidity and mortality and hamper the rehabilitation
process, decrease patient satisfaction regarding the
overall surgical experience, and can even lead to chronic
pain.64 Excessive reliance on opioid analgesics has been
reported to result in prolonged opioid dependence after
both major and minor surgery.65,66 In patients who have
become opioid-dependent after surgery, HILT can be an
effective therapy for weaning patients off chronic opioid
medications.17,67-74

Acute Dental and Oral-Related Pain
Laser therapy has been demonstrated to improve
orthodontic treatment by modulating the pain associated with tooth movement, preventing relapse (i.e., the
tendency for teeth to return to their pretreatment position) and reducing orthodontic treatment time.75-79 Use of
both LLLT and HILT has been shown to reduce soft tissue
swelling, postoperative pain and the need for anti-inflammatory drugs after oral surgery.80

Mucositis, Leukoplakia and Pain Related to
Radiation Therapy
Mucositis-associated pain is a major side effect of
radiotherapy for head, neck and breast cancer and
can lead to chronic opioid dependence. This complication impairs oral alimentation and adversely affects the
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nutritional state of oral surgery patients, resulting in the
need to use opioid (narcotic) analgesics.81 Laser therapy
has been shown to be effective in treating mucositis, leukoplakia and pain after radiotherapy in both adult and
pediatric patient populations.82-94

Headache Pain
Headache is a common health problem that remains
poorly responsive to pharmacologic therapies.95 Laser
therapy has been applied at acupoints in the head and
neck region to treat chronic headaches. The use of laser
acupuncture has been reported to be a safe, noninvasive treatment for headache pain that is devoid of side
effects.95-98 LLLT was effective in treating tension headaches associated with temporomandibular joint disorders, resulting in a 64% reduction in headache pain.99

Pain Due to Trigeminal Neuralgia
Trigeminal neuralgia pain, a periodic, sharp and electric shock–like facial pain, is the most common neuralgia
of the head and neck region.100 The application of laser
therapy can reduce the intensity of chronic neuropathic
pain by increasing nerve function, promoting axonal
growth and improving the capacity for myelin production in injured cranial nerves.101-107

Acute and Chronic Pain Associated With
Herpes Infections
Laser therapy appears to be beneficial in improving pain control for patients with both herpes simplex
and herpes zoster, as well as for recurrent herpes labialis.108 Laser treatments can also reduce the incidence
of postherpetic neuralgia109 and facilitate healing of skin
lesions,110 leading to a decrease in the viral titer,111 reduced
level of pain and improved quality of life.112

Acute Joint and Soft Tissue Injuries
Acute muscle and soft tissue injuries are common
in both weekend warriors and high-level athletes, and
can lead to the loss of muscle function and result in a
decreased quality of life.113,114 LLLT has been widely used
as an adjuvant strategy for treatment of musculoskeletal
disorders,115 to delay the onset of fatigue after exercise,
to reduce the fatigue response and to improve post-exercise recovery in athletes.116-119 Laser therapy has also been
shown to be efficacious for the treatment of acute lateral
epicondylitis,120,121 and tendinopathies (e.g., Achilles tendon). HILT is also beneficial in treating patients suffering
from acute joint injuries.

Burn-Related Pain and Skin Conditions
HILT has been effective in the treatment of post-burn
pruritus, leading to an improved quality of life, decreased
pain and improved functionality.122 Laser therapy has also
been shown to be effective in the treatment of xanthelasma palpebrarum,123 port-wine stain124 and cutaneous
leishmaniasis.125 Other skin-related superficial pain conditions that have also been successfully treated with
both LLLT and HILT include genitourinary syndrome of
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menopause126-131 and rectovaginal fistula in patients with
Crohn’s disease.132

Fibromyalgia-Related Pain
Fibromyalgia is a chronic musculoskeletal condition,
characterized by widespread pain in the body, associated
with particular tender points at the shoulder, back and
hip region.133 A wide variety of pharmacologic drugs and
dietary supplements have been used with limited success
in treating the musculoskeletal pain. Laser therapy has
been shown to be safe and effective in the treatment of
fibromyalgia.133-135 Laser therapy promotes analgesic and
anti-inflammatory effects and improves tissue healing,
reduces pain and can minimize the social impact related
to this common disease.136,137

Carpal Tunnel Syndrome
Carpal tunnel syndrome is one of the most common peripheral neuropathic conditions. Laser therapy
has been shown to reduce pain and symptom severity,
decrease sensory impairments, improve functionality,
and increase hand grip strength and finger pinch muscle strength.138-148 However, there are discrepancies in the
literature regarding the effectiveness of LLLT in treating
this common condition.149,150

Neuropathic Pain, Radiculopathy and Allodynia
Neuropathic pain is caused by a lesion or disease of
the somatosensory nervous system, and epidemiological
studies estimate the prevalence of neuropathic pain to be
6.9% to 10%.151 Neuropathic pain is the result of abnormal
processing of neuronal impulses within the central and/
or peripheral nervous systems. Nerve injury often results
in persistent or chronic neuropathic pain characterized
by spontaneous burning pain accompanied by allodynia
and/or hyperalgesia.152 Patients with neuropathic pain are
commonly medicated with multiple analgesic and psychiatric medications, which increases the risk for drug–drug
interactions.153 Laser therapy has proven to be clinically
effective in reducing pain sensitivity,35 improving neurologic function and quality of life.154-165

Diabetic Peripheral Neuropathic Pain
According to the International Diabetes Federation in
2017, approximately 425 million adults are affected with
diabetes, and many of these patients develop neuropathic pain in their extremities.166 Laser therapy has been
found to be effective at improving diabetic peripheral
neuropathic pain167 and improving the tissue repair process of chronic wounds in diabetic patients (e.g., diabetic
foot ulcers),168,169 leading to an improved quality of life in
this patient population.170

Treatment of Opioid Dependence
Opioid dependence imposes social, economic and cultural problems. In 2014, in excess of 10 million people in
the United States were reportedly using prescription opioids for non-medical reasons, and approximately 2 million people met diagnostic criteria for a substance use

disorder involving prescription opioids—the highest number of individuals considered to have an opioid addiction
since the late 19th century.171 In a recent editorial, White
suggested that nonopioid analgesics and nonpharmacologic analgesic therapies like cold laser therapy should
be more extensively used for treating chronic pain rather
than simply prescribing more opioid-containing medications.172 A series of 8 to 12 HILT treatments has been
shown to help patients who developed opioid dependence after a major operation to discontinue their use
of oral opioid-containing analgesic medications and
resume their normal activities of daily living.67 Compared
with other more traditional methods for treating acute
and chronic pain, laser therapy has been reported to be
more cost-effective and is associated with fewer side
effects.173 Laser therapy also avoids the uncomfortable
side effects commonly associated with opioid and nonopioid analgesics.

devices cost between US$35,000 and $139,500). The
availability of leasing programs for these devices should
make them more readily available for pain clinics, surgical facilities, sports medicine clinics, rehabilitation centers
and emergency departments.
The funding available to support clinical research with
this novel therapeutic modality is also very limited compared with the financial support for clinical trials with
new pharmaceutical agents. Given the highly questionable benefits of opioid analgesic therapy for chronic pain
and the current global opioid epidemic, it would behoove
organizations like the National Institutes of Health and
International Association for the Study of Pain, as well as
the American Academy of Pain Medicine, to start funding studies examining the role of novel nonpharmacologic therapies like cold laser therapy as an adjunct to
pharmacotherapy and physical therapy in the management of acute and chronic pain.

Contraindications and Potential Side Effects Of
Laser Therapy

Conclusion

In contrast to pharmacotherapy, laser therapy has very
few contraindications and is associated with a high degree
of patient acceptance due to the absence of side effects
when properly administered by a trained technician. A
review by Navratil et al174 enumerated the contraindications to laser therapy: history of malignant carcinoma,
irradiation of the neck region in hyperthyroidism, epileptic conditions, and direct exposure of the retina or the
abdomen of a pregnant woman to the laser beam. Frigo
and Lucio reported that cancer cells exposed to high dosages of laser energy (>9 J) can result in a dose-dependent increase in tumor growth, altered characteristics of
collagen fibers, and can eventually lead to blood vessel
growth and tumor revascularization. However, LLLT dosages (~3 J) did not alter melanoma cellular activity.175 The
only well-known side effect of cold laser therapy is transient skin discoloration (redness) and a warming sensation if the hand-held laser head of a HILT device comes in
close proximity to the surface of the skin (<8 in).
The current limitations to the optimal use of both LLLT
and HILT for acute and chronic pain management relate
to a lack of clear guidelines for optimal dose, duration
and frequency of treatments when using HILT or LLLT
for specific clinical disorders. Even the laser terminology
(and treatment parameters) used in the peer-reviewed
literature is often ambiguous. Secondly, many early clinical studies lacked a true sham-laser control group (or an
active comparator group) to minimize the expected placebo effect and bias associated with using a novel analgesic therapy. Unfortunately, it is very difficult to provide
a true sham treatment effect with the more powerful HILT
devices.
Thirdly, many of the currently marketed laser systems
differ with respect to both technical specifications and
application modes (e.g., pulsed, super-pulsed, continuous). Finally, there is the substantial capital cost associated with purchasing a laser device itself (e.g., LLLT
devices cost between US$7,500 and $49,000 and HILT

Cold laser therapy is an FDA-approved, safe and effective, noninvasive, adjunctive analgesic therapy for treating acute and chronic pain. Its use is associated with high
patient acceptance in the treatment of chronic pain due
to its efficacy and lack of side effects. Despite its analgesic, anti-inflammatory and bio-stimulating effects, laser
therapy is currently underutilized by the medical community due to a lack of knowledge regarding the benefits of
this nontraditional therapy and the high cost associated
with the laser device itself. Given the inherent side effects
associated with both opioid and nonopioid analgesics,
laser therapy should play a much more prominent role
as an adjuvant for treating both acute and chronic pain.
A key factor in determining the efficacy of laser therapy with respect to providing pain relief is controlling local
inflammation and facilitating wound healing. While LLLT
devices with shorter wavelengths (Class I to III lasers) are
more limited in their effectiveness due to their inability to
deliver a sufficient number of photons to deeper tissue
targets, HILT devices functioning at longer wavelengths
(>1,000 nm) are able to stimulate larger areas and penetrate more deeply into soft tissues. Although both LLLT
and HILT devices have been reported to be beneficial for
the management of acute and chronic pain symptoms,
additional clinical studies are needed to determine the
optimal dose, intensity, duration, and number of the laser
treatments for specific pain syndromes.
In addition, studies of the effects of laser therapy in
patients with cancer, concussions and chronic degenerative neurologic diseases (e.g., chronic dementia, chronic
traumatic encephalopathy, Alzheimer’s, parkinsonism)
are clearly needed. The use of a combination of pharmacologic and nonpharmacologic therapies would provide
a safer and more cost-effective approach to the management of pain in the future. We conclude that laser therapy
could be a cost-effective adjunctive analgesic treatment
for patients suffering from both acute and chronic pain.
Dr. White is the corresponding author, at paul.white@cshs.org or
whitemountaininstitute@hotmail.com.
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