ow-Level
Laser
herapy

The light spectrum encompasses ultraviolet, visib
and infrared energy. Although some therma l effec
may be obtained from these modalities, the prima
benefits are derived from photochemical effects.

Electromagnetic energy is the most abundant form of
energy in the universe. The energy found in the electromag
netic spectrum, including radio waves, and x-rays, is catego
rized by the frequency and length of its wave (Appendix B).
Light, a form of electromagnetic energy, has three general
classifications: ultraviolet, visible, and infrared (Fig. 19-1).
Energy having a wavelength greater than 780 nanometers
(nm) (the upper end of visible light) is infrared energy. The
ultraviolet (UV) spectrum is located in the area below the
range of visible light (380 nm).
Many therapeutic modalities presented in this text
use energy within the light range of the electromagnetic
spectrum, although the light energy may not be visible to
humans. UV light is used for the treatment of certain skin
conditions. Medical lasers produce beams of energy that can
cause either tissue destruction or therapeutic effects within
the tissues.

• Therapeutic Lasers

Lasers produce highly refined, monochromatic • light
the ultraviolet, visible, or infrared range. Lasers, an acrony
for Light Amplification by Stimulated Emission of Rad
tion, consist of highly organized light (photons) • that elic
physiological events in the tissues. Low-level laser therap
(LLLT) does not normally cause tissue destruction.J98 T
U.S. Food and Drug Administration (FDA) has approv
LLLT for the treatment of carpal tunnel syndrome • a
musculoskeletal shoulder and neck pain; however, clinical
it is used for a wide range of conditions.
The energy produced by therapeutic lasers can have
wavelength between 650 and 1200 nanometers (nm).J99 Th
range includes UV, visible, and infrared light on the electr
magnetic spectrum. The frequency (wavelength) determin
the color of the laser light. Frequency and wavelength, oft

Nanometer: One-billionth (10-9 ) of a meter.
Monochromatic: Light that consists of only one color.
Carpal tunnel syndrome: Compression of the median nerve that produces pain, numbness, and weakness
in the palm and ring and index fingers .
Photon: A unit of light energy that has zero mass, no electrical charge, and an indefinite life span.
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Figure 19- 1. The Electromagnetic Spectrum. The visible portion of the light spectrum consists of
energy having a wavelength of approximately 380 to 780 nm. Infrared light has a wavelength between
780 and 12,500 nm; energy with a wavelength between 180 and 400 nm is in the ultraviolet range. There
is a slight amount of overlap between the visible light range and that of ultraviolet and infrared light.

used interchangeably, are inversely related to each other: as
frequency increases, wavelength decreases (and vice versa).
The photons emitted during LLLT activate certain skin
receptors that stimulate or inhibit physiological events.
These effects are caused by activation of chromophores,
parts of a molecule (generally melanin • and hemoglobin)
that absorb light having a specific color (wavelength). Because
of the specificity of chromophores in absorbing light energy,
wavelength is thought to determine which skin receptors are
affected. 2oo
Class 4 lasers ("hot lasers") produce thermal changes
in the tissues, causing the tissues to be destroyed, evapo
rated, or dehydrated or causing protein coagulation (see
Table 19-1).20I Hot lasers are used for surgery, capsular
shrinkage, ocular surgery, and wrinkle and tattoo removal.
Because of their destructive potential, high-power lasers are
not found in the rehabilitation setting.
Other forms of light therapy include ultraviolet lamps,
superluminous diodes (SLDs) , and light-emitting diodes
(LEDs). These types of light modalities are reported to evoke
some of the effects of phototherapy, but their biophysical ef
fects are different. A laser applicator may include LEDs and
SLDs to produce visible light to assist in targeting the laser,
especially when the laser output is not in the visible light
range. Some manufacturers may include LEDs and SLDs to
promote an additive effect to the laser treatment.

• Laser Characteristics
Lasers produce a refined, homogeneous beam of light char
acterized by three features: the light is (1) monochromatic,
(2) coherent, and (3) collimated. Monochromatic means all

of the light energy has the same wavelength, thereby produc
ing the same color. Sunlight passing through a prism creates
a rainbow of colors because it has light of different wave
lengths. A laser light passed through a prism simply bends
and the color leaving the prism the same as that entering it.
Light photons travel in waves having different lengths.
This wavelength determines the color of the light. When all
of the light waves are in phase, they are said to be coherent
(Fig 19-2). Light from a light bulb spreads-diverges-as
it travels. Laser light is collimated because the beam does
not tend to diverge as it travels through space.
Lasers are classified by the FDA's Center for Devices
and Radiological Health (CDRH) based on the Accessible
Emission Limit (AEL). The AEL is the maximum permis
sible power level for each class, ranging from 1 (minimum
risk of causing harm) to 4 (extreme risk) (Table 19-1).
Non-coherent light

Coherent light

Note the synchronicity
of the waves

A

B

Figure 19-2. light Waves In and Out of Phase. Light
having the same wavelength, but the photons are out of
phase. With coherent light the photons are in phase.

Melanin: Pigmentation of the hair, skin, and eye produced by melanocytes.
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u.s. Food and Drug Administration's Center for Devices and Radiological Health Lase
Classification System
CLASSIFICATION

2

2a

3a

3b

4

DESCRIPTION

These lasers are exempt from most control measures.
The laser output is either safe to the human eye or contained within the device in a manner that
keeps the laser from escaping.
No special labeling is required.
Low-power lasers-visible light may be emitted.
Output does not exceed 1 m W.
The normal eye blink reflex (approximately 0.25 s) will protect the eye from direct contact with
laser output.
Must be labeled with "CAUTION-Laser Radiation: Do not stare into beam."
Visible laser is produced (e.g., a bar code scanner).
Eye damage can occur if the laser enters the eye for more than 1000 seconds.
The labeling is the same as for type 2 lasers.
Produces an output up to 5 m W.
Direct contact with the eye for short periods is not hazardous. Viewing the laser through magnify
optics such as eyeglasses can present a hazard.
Must be labeled with "CAUTION-Laser Radiation: Do not stare into beam or view directl
with optical instruments."
Class 3a lasers do not require that the patient and clinician wear goggles during treatment.
Medium power lasers producing an output of 5 m W to 500 m W.
Direct contact of the laser output with the eyes can result in damage.
Must be labeled with "DANGER-Visible and/or invisible laser radiation-avoid direct
exposure to beam."
The patient and the clinician (and anyone in the immediate area) must don goggles during
treatment.
High power lasers having an output of greater than 500 mW.
Direct or indirect contact with the skin and eyes can be hazardous.
Toxic airborne contaminants may be produced.
The output creates aflre hazard.
Must be labeled with "DANGER-Visible and/or invisible laser radiation-avoid eye or ski
exposure to direct or scattered beam."

Laser Output Parameters
In the United States therapeutic lasers have a wavelength of
650 nm to 1200 nm. The low and medium power output as
sociated with LLLT does not cause significant thermal
changes in the tissues, so therapeutic benefits are thought
to be related to photochemical events. 199,202 The magni tude
of the tissue's reaction to laser light is based on the physical
characteristics of the output frequency/wavelength (absorp
tion, reflection, and transmission), power density (irradi
ance), the duration of the treatment, and the vascularity of
the target tissues. 199,203 The depth of penetration is also af
fected by the skin's melanin and blood hemoglobin content,
both of which absorb photons. 2oo
Effects that occur from the absorption of photons are
termed the direct effect. An indirect effect is produced by
chemical events caused by the interaction of the photons
emitted from the laser and the tissues. The indirect effect
may produce changes that occur deeper in the tissues than
those caused by the direct effect.

In some cases therapeutic lasers require a base unit
houses the laser generator (Box 19-1). The output is deliv
to the body through a fiber optic cable and a handapplicator. The laser medium (e.g., gallium alumi
arsenide, argon, helium-neon) determines the wavelen
and therefore the effects of-the laser output.

Wavelength and Frequency

Wavelength and frequency are inversely related. L
wavelengths have a lower frequency than shorter w
lengths (see Appendix B). LLLT has a frequency of u
5000 Hz, a duration of 1 to 500 milliseconds, and
interpulse interval of 1 to 500 milliseconds, altho
there is variability depending on the make and mode
the unit. 204
The laser's depth of penetration, the point w
photons are absorbed by the tissues, depends on
wavelength of the light. Longer wavelengths (80
1000 nm) penetrate deeper into the tissues than la

Box 19-1. PRODUCTION OF LASER
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Laser production requires four essential components: (1) an active (ampli.fying) medium, (2) a mecha
nism for exciting the medium (a pump), (3) a reflective mirror, and (4) a partially reflective mirror that
allows for some transmission of light and reflects the rest.
Lasers are referred to by the type of active medium (the atoms that are stimulated to produce the
light) they use, HeNe (helium-neon) or GaAs (gallium-arsenic), for example. The active medium is a
solid, liquid, or gas that contains atoms, molecules, or ions, that are capable of storing energy that, when
stimulated, release their energy as Ilight. Any subsequent increase in light energy through the lasing
mechanism is known as gain.
Through a process known as pumping, energy is introduced into the active medium. For a solid
medium, the pumping is obtained by irradiating the medium with a bright light; gaseous mediums are
energized by passing an electrical current through the medium.
When a photon of light is absorbed by <;In atom, molecule, or ion, an outer electron moves from its
normal orbit, its ground state, to a higher orbit termed the excited state. By being moved to a higher
orbit, the el'ectron, and therefore the atom, reaches a higher energy state. After a brief stay (less than a
millionth of a second) in the higher orbit, the electron spontaneously returns to its ground state and in
the process releases another photon. The released photon will have the same wavelength (and therefore
frequency) as the photon that was absorbed.
Stimulated response occurs when a photon strikes an atom that is already in the excited state
and causes the electron that is in the higher orbit to move to a lower one. In this case, instead of
. a single photon being released, two photons are released. Each of these photons has the same
wavelength and is in phase. When more atoms are in an excited state than in the ground state, a
population inversion, more photons are emitted than absorbed, forming the basis for the emission
of laser.
A laser generator consists of an oscillator, the active medium located between two mirrors. One
mirror reflects 100% of the photons that strike it and the other mirror is only partially reflective. Photons
that reflect off the mirrors are reflected back into the medium for further amplification. Those photons
that transmit through the partially reflective mirror form the laser output.

having shorter wavelengths (600 to 700 nm). There is an
"optical window" where the penetration of light energy
through the tissues is maximized. Thi s window is con
tingent on the type and consistency of the tis sues. 199 The
amount of power-discussed in the next section-also
affects the depth of penetration.

r!~

_______

~rBctical

Evidence

Helium-neon CHeNe) lasers have been demon
strated to be the most effective for stimulating tissue
healing; ga'llium aluminum arsenide CGaAIAs) lasers
appear to be more effective in reducing pain. 205 ,2o6
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The laser's wavelength depends on the medium used
(Table 19-2). New evaluation methods have indicated that
some low-power lasers can affect tissues up to 2 cm deep
secondary to indirect responses, especially when applied
over bony prominences such as the cervical spine and
skull. 207

HeHum-neon (HeNe) lasers stimulate a mixture of
helium and neon gases, producing light with a wavelength
of 632.8 nm, within the visible red light range. The
maximum output of HeNe lasers is usually 1 mW or less
(although some models may produce output between 0.5 to
35 mW), and the energy can penetrate up to 0.8 to 15 mm
deep.208 The indirect effect may produce tissue changes
deeper than 15 mm. HeNe lasers typically have an output
in the range of 14 to 29 mJ (millijoule, 10-3 joule). The
clinical availability of HeNe laser is limited because of their
relative expense.
Gallium arsenide (GaAs) laser is produced by a
semiconductor diode chip and delivers a light wave between
904 to 910 nm. This wavelength places the GaAs laser
within the infrared spectrum (invisible to the human eye).
The energy can penetrate the tissues up to 2 cm. GaAs lasers
may produce up to 2 mW output that is often pulsed, deliv
ering a significantly lower average power than HeNe lasers
(see Power and Treatment Dosage). GaAs lasers have a
visible light pointing system that illuminates when the laser
output is being emitted to target the treatment effects.
Gallium aluminum arsenide (GaAIAs) laser multi
ple diodes with each diode producing up to 30 mW of
power at a wavelength of 830 nm. The outputs of the diodes
combine to produce a total treatment output of 90 m W,
theoretically producing a deeper depth of penetration. 209
Although multidiode systems produce an increased output,
their dosage specifications are unclear. 202

Power
Dosage, the amount of energy applied to the tissues, is
similar to that used for therapeutic ultrasound. The power
density of the treatment is expressed in milliwatts per square
centimeter (m W/cm 2) and is based on the laser output
(expressed in mW) and the surface area (circumference) of
the emitted energy. This calculation is based on the formula:
Power density (mW/cm2) =
Watts (mW)fTarget area (cm2)

Laser output is described in joules, and is the m
meaningful output measure when pulsed laser outpu
used. This calculation factors in the actual amount of t
that the energy produced and is expressed in terms of jou
per square centimeter (J/cm2):

Energy density (J/cm2) = Watts (W) x Time (Sec)/
Target area (cm 2)

Treatment Dosage

Most LLLT treatments are based on dose-oriented tr
ments per unit of area. The treatment duration is based
the energy density Uoules per square centimeter [J/cm
the average power of the output, and the area of the ou
beam. Most generators perform the following calculatio
determine the treatment duration:
Treatment duration = (J!cm2/Average power) X
Target area (cm2)

Practical Evidence

Similar to therapeutic ultrasound, many LLLT trea
ments are delivered at a dosage that is well below
that expected to evoke biological responses. 21
Proper dosing is required to produce the desire
physiological effects.

For example, assume a treatment dosage of 5.0 J/
with an average output of 1 mW over an area of 1 squ
centimeter. The total treatment time would be:
Treatment duration = (5 J/cm2/0.00l W) X 0.01 cm
Treatment duration = 5000 X 0.01 cm 2
Treatment duration = 50 seconds

Common clinical dosage of LLLT ranges from
to 10.0 J/cm 2. As with most therapeutic modalities,
Arndth-Schultz principle dictates appropriate dosing (
Appendix A).21 I Insufficient dosages will not stimu
the desired response; doses that are too intense will ca
tissue damage or hinder the healing process.
Acute conditions are treated with an output of
than 0.5 J/cm 2. The dosage for chronic conditions
normally less than 3.0 J/cm 2 (Table 19-3). Individ

TABLE 19-2 Types of Therapeutic Lasers
NAME

ABBREVIAT ION

Argon
Galli urn-arsenide
Gallium aluminum arsenide*
Helium-neon
Indium gallium aluminum phosphate

Ar
GaAs
GaAIAs
HeNe
InGaAIP0 4

WAVELENGTH ( NM)

* Gallium aluminum arsenide can be manipulated to create different wavelengths.

488
904
830
632.8
670

LIGHT BAND

Blue
Infrared
Infrared
Red
Red

TABLE 19-3 Treatment Dosing Based on the

of laser diodes.

Pathology
Inflammatory State
CONDITION

ACUTE

CHRONIC

Tendinopathy
Sprains
Strains

24 to 30 J
25 to 30 J
25 to 35 J

35 to 40 J
35 to 45 J
35 to 45 J

•

EFFECTS

ON

The Injury Response Process

The applied treatment dosage should be based on the density of
the energy (J/cm 2).
This table is provided as a sample. Refer to the manufac
turer's recommendation and the current literature for the
recommended dosage.
Adaptedfrom McLeod fA. Low-level laser therapy in athletic
training. Athl Ther Today. 9:17, 2004.

laser manufacturers publish recommended treatment in
tensity and durations, although the evidence base for mak
ing this decision is currently lacking. On units that
combine laser and LED and/or SLD emitters, the dosage

Laser energy can stimulate tissues at depths up to 2 cm below
the surface of the skin.212,213 Although several studies have
demonstrated positive effects of LLLT, the exact mechanism
of action has yet to be identified. Current evidence suggests
that the biophysical benefits are related to photomechanical
or photochemical, rather than photothermal effects.204 This
response is based on the first law of photobiology, which
states that for light to affect tissue, it must be absorbed by
specific receptors (Fig. 19-3).199
In human tissues the primary photoreceptors (chro
mophores) include hemoglobin, COX, myoglobin • , and
flavoproteins • . The energy from the absorbed photons af
fects the mitochondria, which stimulates the production of
adenosine triphosphate (ATP).205 The energy produced by
ATP alters molecular-level activity, including short-term
stimulation of the electron transport chain, stimulation of

Laser energy applied to the skin

Photons absorbed by photoreceptors

Facillatory response

Inhibitory response

Indirect effect

production

Increased cell
membrane
permeability

Figure 19-3. Proposed Mechanism

of Low-Level Laser Therapy.

enzyme activity

Tissue
repair

~

Reduced
inflammation

Myoglobin: A blood-based protein that stores oxygen in the tissues.
Flavoprotein: A protein involved in oxidation within a cell.
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the mitochondrial respiratory chain, increased synthesis of
adenosine triphosphate (ATP), and a reduction in intracel
lular pH and COX production.199 ,202
These actions are theorized to affect pain-producing
tissue, such as areas of muscle spasm, by restoring the
normal properties of muscle tissue via the increased
formation of ATP and increased enzyme activity.213,214
The effects of laser energy are most pronounced when the
cells are traumatized, possibly explaining the lack of
physiological changes noted in subjects using healthy
subjects. 204 ,209,215

Inflammation and Tissue Repair
Although the exact mechanism of action is yet to be sub
stantiated, LLLT can produce anti-inflammatory or proin
flammatory responses that affects healing. The biophysical
effects depend on the type of laser applied and the power
applied (Fig, 19-4).216 There are overlapping areas where
multiple effects occur. In the range of approximately 2.5 to
5 J, an anti-inflammatory effect and fibroblast stimulation
occurs. Between the range of approximately 7 to 14 J
anti-inflammatory effects continue, but fibroblast produc
tion is inhibited. 210 ,216 Anti-inflammatory effects appear to
be more pronounced in laser in the high red or infrared
bands (e.g., HeNe, GaAs, and GaAIAs).210
GaAs lasers promote muscle healing in the active
inflammatory phase.217 HeNe laser applied 2 days post
injury and applied at 48-hour intervals is more effective in
promoting healing than placebo for the first 21 days.205

*__&acticaLEvide,oc.e

Therapeutic Windows for LLLT

Fibroblast inhibition
Fibroblast stimulation 1[:=1
Anti·inflammatory

5

15
20
Dose in Joules

10

Lasers are used to assist in the healing of superficial wo
including skin ulcerations, surgical incisions, and b
Because of their relatively low power output, HeNe
are less effective in destroying bacteria than indium ga
aluminum phosphate (lnGaAlP0 4) lasers.218
The healing process is enhanced by the accele
phagocytic activity and the selective destruction of b
ria.218 ,219 The absorption of photons is believed to
increased ATP synthesis that accelerates cell metab
and encourages the release of free radicals .218,220
membrane permeability is altered and there is an inc
in fibroblast, lymphocyte, and macrophage activit
Blood and lymph circulation is improved in the
surrounding the treatment area, promoting the grow
granulation tissue 222 and the growth of new capillari
Increased fibroblast proliferation has been associated
LLLT; the response appears to be tissue and wavele
specific. 204 Laser therapy is also thought to increase c
gen content and increase tensile strength of he
wounds .223
The bactericidal effects of low-power lasers ar
hanced by the preapplication of photosensitizers. These
stances, not to be confused with photosensitizing medica
such as tetracycline, absorb light having a specific frequ
increasing the intensity of the laser output. The increased
uptake increases cell membrane permeability and enh
the production of free radicals and singlet oxygen •
selective cell death occurS. 218

Pain Reduction

When applied at a sufficient and appropriate
dosage, LLLT yields pain relief and produces anti
inflammatory markers that are Significantly better
than markers observed using a placebo. 210

o

Wound Healing

25

30

Figure 19-4. Dosage in Joules Required to Affect Tissue
Repair. Adapted from Lopes- Martin RAB. Penna SC. Joensen J.
Iversen W. et al : Low level laser therapy [LLLT] in inflammatory
and rheumatic diseases: A review of therapeutic mechanisms.
Curr Rheumatol Rev. 3:147, 2007

LLLT has been used to decrease acute and chronic
Proposed mechanisms of pain reduction include alt
nerve conduction velocity or decreasing muscle spas
These pain control approaches have been augmented
the use of sympathetic blocks and antidepressant me
tion. 225 Low-intensity laser can reduce the rate and vel
of sensory nerve impulses in inflamed nerves, but cha
are seldom observed in healthy nerves .2lO Decre
prostaglandin synthesis may also account for decre
pain. 215 ,216
Theories on how laser disrupts sensory nerve cond
include effects similar to that seen during cold applicatio
without the thermal changes. 208 Low-intensity GaAIAs
having a wavelength of 830 nm and applied at 9.6 J/cm
and HeNe having a wavelength of 632.8 nm appli
19 mJlcm2 208 reduced the rate of nerve conduction at th
of the treatment and distally. These effects had a signif
latency period following the treatment.
Decreased skin resistance indicates the presence of
hypersensitive areas such as trigger points and acupun
points. HeNe laser applied to cervical trigger poin
and acupuncture points corresponding to pain cause

Singlet oxygen: An uncharged form of oxygen that can selectively destroy cells.

dose = 2 J) for 1 minute (total dose = 2 J) at each tender
joint demonstrated significant decrease in pain and improved
clinical function following 10 days of treatment (5 days
per week for 2 weeks).215
Laser therapy has demonstrated the ability to reduce
the pain associated with post-herpetic neuralgia 225 and to
resolve neurapraxia. 222 Another possible explanation for
pain reduction following laser treatment is the release of
endogenous opiates. 210 ,230

,:.~

_____ctical Evidence

Laser having a wavelength of 904 nm (GaAs) has
demonstrated effectiveness in the short-term relief
of pain associated with lateral epicondalygia. 231

Fracture Healing
Many of the same biophysical effects that assist soft tissue
healing are theorized to enhance fracture healing and bone
remodeling via an indirect effect. These effects, including
increased capillary formation, calcium deposition, increased
callus formation, and reduction of hematoma, may be asso
ciated with the direct or indirect effect. Photons striking
the tissues may create micropressure waves that affect the
healing bone in a manner similar to ultrasonic bone growth
stimulators. 22l ,232
Using an animal model, both GaAs and GaAIAs
lasers applied daily at 4.0 J/cm 2 increased the density of
the healing callus relative to a control group. However, the
longer wavelength GaAs laser group had significantly
denser callus than the GaAIAs group, but there was no im
provement in the bones' tensile strength.232 ,233 Laboratory
studies have also demonstrated that GaAIAs improves
bony fixation to titanium implants. 234 A higher-power car
bon dioxide (C0 2) laser increased the rate of hematoma
absorption and the removal of necrotic tissue, leading to
enhanced fracture healing in laboratory animals. 221
The preponderance of studies comparing the effects of
laser-induced fracture healing relative to other bone growth
stimulation techniques involves animal studies. At this point
these studies are limited and inconclusive. One study sug
gests that there is no difference in healing between laser and
pulsed ultrasound (US),235 while other studies suggest im
proved healing relative to pulsed US.236,237 These limited
results prevent them from being applied to human bone
growth stimulation.

•

Contraindications and
Precautions

Laser produces nonionizing radiation, greatly reducing the
possibility of causing permanent damage to cellular struc
tures or damaging DNA. The retina is sensitive to low-power

~~-------

negating the eye's protective blink reflex. Depending on the
type of laser being used, appropriate safety goggles should
be worn by both the patient and the clinician (refer to
the manufacturer's instructions regarding eye protection).
Because of the risk of increasing the rate of cancerous cell
growth, low-power laser therapy must not be applied to
tumors or cancerous lesions.
Some medications such as tetracycline, antihista
mines, oral contraceptives, and antidepressants increase
the skin's sensitivity to sunlight. In these cases begin the
patient with a below normal LLLT dosage and note any
adverse reaction. If a question exists about the potential
contraindication to laser therapy, contact the patient's
physician or a pharmacist.
Some tattoo inks function as a photosensitizer, poten
tially predisposing the patient to adverse treatment effects.
When possible, avoid the application of laser directly over
tattoos. If direct application over tattoos is unavoidable,
decrease the intensity of the initial treatment and monitor
the patient for signs of "burning" (similar to a sunburn)
or increased inflammation. These signs may take up to
48 hours to be seen.

•

Overview of the Evidence

LLLT is an evolving treatment approach that must be
considered in the context of unclear treatment protocol,
different forms of laser energy applied, conflicting results,
and unknown biophysical effects. Although the evidence
is building to support the use of LLLT, it is difficult to
make an informed decision because of methodological
issues associated with several studies. The application
of laser energy to the tissues with a power well below
that needed to evoke physiological changes is perhaps
the single largest confounder in substantiating the effi
cacy of laser therapy.210 Another confounding factor is
that healthy tissue appears not to react to laser energy,
negating the findings of studies performed on healthy
subjects.204 ,210,215
Although therapeutic laser has been used to control
pain and otherwise alter nerve conduction velocity, re
search studies using various types of lasers and a range
of output parameters have not significantly substantiated
this effect.202,209,212,239 The anti-inflammatory benefits
of GaAs laser was substantiated by a well-designed, con
trolled study.226 However, several prior studies have
concluded that laser treatment was not effective in treat
ing musculoskeletal pain210 including myofascial pain,240
lateral epicondylagia,239 traumatic orthopedic pain,241
rheumatoid arthritis,230 and tooth extraction. 242 Two early
meta-analyses of the effect of laser therapy in treating
orthopedic and skin conditions strongly suggest that
this is not an effective modality in the treatment of these
conditions. 243 ,244
A study investigating the effects of HeNe laser, GaAs
laser, and standard treatment protocol on pain and range of
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motion associated w it h tendinopathies demonstrated that
all three treatmen t g roups improved over a 2-week period,
but the laser treatmen t groups had no significant benefits
relative to the control g ro up.24S O ther studies, however. do
demonstrate improved function and reduced pain following
L LLT.2 IS,2:1 1,246
Several st ud ies investig ating the effec t of laser on
wound healing have questione d the efficacy of th is tech
nique. 204 Using human s ubj ects, no significant difference in
the healing rates of c hronic ve nou s leg ulcers was found
betwee n a g roup receiving standard tre atment protocol
augmented by HeNe lase r (applied at 6 mW) and a group
receiving standard treatment and s ham laser. 247 A laboratory
study investigatin g the healing c haracteri stics of straight
line inci s ions in rat skin concluded that HeNe laser app li 
ca tion demonstrated s light increases in tensile strength an d
other healing measures early, but these differences we re
only stati stically significant, not clinically significa nt. There
was no lon g- ter m di ffe rence in he alin g characteristics
between irradiated and non irradiated groups, 248
Although cell ular level effects and increased callus for
mation in fractures treated with GaAs and GaA l As, 2:12 and
CO 2 22 1 lasers have been ide ntified, these effects were not
replicated using the more common H eNe lasers applied at
2 or 4 p l l The evidence that laser improves fracture healing
is lacking, 2:l2
The lack of a substantiated biological mechanism of
action in response to LLLT, identific ation of the specific
wavelength for use with certain conditions, and evide nce of
adequate treatment dosages must be addressed for LLLT to
be accepted by mainstream medicine. 2 l o

Clinical Application
of Therapeutic Lasers
Setup and Application
The setup, application, and dosage are device-specific.
Refer to the user 's manual for the exact applicati on proce
dures, The following is provided as a general overview and
should not repl ace formal training on the device being used.
Most units have preprogrammed protocol based on the clin
ical problem being treated (e .g" pain, mu sc le spasm, wound
healing).
L aser therapy should be administered in a space th at
prevents unintended expos ure to laser output by others in
th e facility. Class II and III lasers should be admini stered
only by those who have been trained to use these devices .238
Instrumentation
Although there are a limited number of laser units marketed
in the U nited States, the available functions and types of
lase r output produced (e.g., HeNe, GaAs) create di versity
in the instrumentation. Whe n units produced outside of the

United States are con sidered , (he di fference in instrume
tation becomes even greater.

Timer: Se lects the duration of lhe treatmen t. On some uni

the timer function may be ove rridden by se lecti ng t

MANUAL switch.

Frequency: For pulsed output, adjusts the frequency or dur

tion, or both, of the laser pulses. Do not confuse this paramet
with the outpu t frequency of the laser. Wavelength is the be
description of the energy being administered.

Source: Sel ec ts the type of laser, typically G aAIAs, GaA
or HeNe .

Power: Adjusts the output in watts. The total amount of e
ergy is equal to the output wattage and the treatment durati
(joules = power X duration). The total output per unit of ar
is measured as joules per square centimeter (J/cm2).

Preparation of the Generator
I , If applicable, clean th e laser lens(es) with an
ap proved cleaner a nd/or polish.
2. Determine the treatmen t dosage and technique to
be administered during the treatme nt.
3, Select the appropriate si ze laser applicator head .
4, If laser is being applied to open wounds, cover th
applicator face with a clear plastic wrap to preve
tran smission of contaminants, This technique
results in the loss of approximately 8% of the
total lase r energy.249

5. Select the desired power output disp lay. Jou les p
sq uare centimeter (J/cm 2) is the recommended
output measure.

Preparation of the Patient
1. Assure that the patient is free on any cOlltraindic
tions to the applic ation of LLLT.
2. If applicable to the type of laser being used , the
patient and clinician should wear goggles.
3. Clean the area to be treated with soap and water
or alcohol swabs. Allow the area to dry thor
oughly before initiating the treatment.
4. Cryotherapy may be administered prior to
LLLT. The decreased blood flow and decreased
tissue profusion are bel ieved to inc re ase the
depth of laser penetration and decrease the in
flammatory effects of th e treatmen t. Hea ting th
a re a prior to the application in c rea<;es blo od
flow. there by decreasing the depth of penetra
tion and increasi ng the infla m mato ry effects,2U
5 . Determine the application tech nique to be used :

Point technique: L as er is applied to predete rmi n

points for a duration sufficient to deliv er the appr
priate amount of energy

Tendinopathy: Any di sease or trauma involving a mu scle's tendon, tissues surrounding the tendon, or the
tend on' s insert ion into the bone.

Description

Indications

Laser is a highly organized form of ultraviolet, visible, or
infrared light. Photons that are absorbed by the cells
produce direct changes in their function. Indirect effects
occur secondary to photochemical events.

• Wound healing
Fracture healing
• Musculoskeletal pain
• Myofascial pain/fibromyalgia 2 15
• Trigger points
• Inflammatory conditions
• Osteoarthritis
• Rheumatoid arthritis
• Arthritis
• Carpal tunnel syndrome

Primary Effects

Contraindications

•
•
•
•
•

•
•
•
•

Altered nerve conduction velocity
Vasodilation of microvessels
Increased ATP production
Increased collagen production
Increased macrophage activity

Application to the eyes
Application over the thyroid gland
High-intensity application over areas of hemorrhage
Over areas of active deep vein thrombosis or
thrombophlebitis
• Over cancerous areas
• Do not apply to the low back or abdomen during
pregnancy
• Do not apply to the testicles

Treatment Duration

Precautions

The treatment duration depends on the type of laser
being used (e.g., helium-neon), the pathology being
treated, and the power of the output.

• LLLT should not be applied within 6 months of
radiation therapy.
• Because of unknown effects, lasers should not
be applied over unfused epiphyseal plates, or be
administered to small children .
• The patient may experience dizziness during the
treatment. If this occurs, discontinue the treat
ment. If the episode recurs, laser therapy should
not be applied to the patient.
• Caution should be used with patients who are tak
ing medications that increase sensitivity to light in
cluding certain antihistamines, oral contraceptives,
NSAIOs, tetracyclines, and antidepressants.
• Some tattoo inks may increase the absorption of
laser energy.
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Grid technique: Used for larger areas, an imagi
nary glid with points spaced 1 cm apart is placed
over the treatment area. The laser is then applied to
each point. 2oo
Scanning technique: This method of laser applica
tion resembles traditional US application. The laser
probe is slowly moved over the target tissues until
the desired treatment dosage is reached. This method
of application can decrease energy transmission.
6. When treating a joint, position it in the open-packed
position (usually flexion) within patient comfort.
Initiation of the Treatment

1. Determine the treatment DOSAGE in J/cm 2.
2. Select the treatment DURATION (seconds). If
the generator uses a dose-oriented treatment, the
output (J/cm2) will change in response to changes
in the treatment duration.
3. Select the output mode. If the pulsed mode is
selected, use the FREQUENCY control to
select the number of pulses. Low pulse frequen
cies (1 to 20 pps) are used to promote tissue
healing; pain is treated with a frequency greater
than 20 pps.
4. View the dosage based on the treatment duration,
frequency, and duty cycle used. If the dosage is

out of range of the desired treatment parameters
make adjustments as needed.
5. Hold the applicator so that the laser energy strik
the skin at a 90-degree angle.
6. Press the START button. If the laser head requir
charging a countdown timer will indicate the tim
until the treatment actually begins.
7. Unless otherwise indicated, the applicator shoul
remain in contact with the patient's skin through
out the treatment.
Maintenance

Following Each Treatment
1. Clean the head using a manufacturer-approved
cleanser.
At Regular Intervals

1. Check all cords and cables for kinks, frays,
and cuts.
2. Check lens for dirt, grime, and/or oil buildup.
Annually

1. Have the unit inspected and calibrated by an
authorized technician. LED lasers may need to
be recalibrated every 6 months. 238

Case stUQ~ : Bertha
Bertha is a 62-year-old female who sustained a right wrist
fracture 6 weeks ago, which was medically managed with
immobilization of a fiberglass cast. The cast was removed
3 days ago by the physician, and today you are the treating
therapist for this patient. Her primary limitations are pain
4/10 rest, 10/10 activity; greater than 50% limited active
and passive wrist range of motion; and poor strength due
to pain and edema. Her edema measures 3 cm greater
midpalm right versus left. She is medically healthy, except
for a history of ovarian cancer 20 years ago that was
treated successfully.

2. What are the physiological effects on the injury
response cycle from the application of this thermal
agent?
3. What are the clinical symptoms that you hope to
address with this intervention?
4. What other interventions may be appropriate over
the following 2 weeks for this diagnosis? Why?

1. What are some edema management options to
consider in this situation?

Case Stu(l~ : Sam
Sam is a 40-year-old man who is diagnosed with a her
niated lumbar disk with left leg radiculopathy. He has
mild osteoarthritis. His evaluation shows limited trunk
active range of motion, moderate spasm in his lum
bosacral paraspinals, and pain that radiates into the left
buttock. The physician would like him to receive a course
of treatment of lumbar traction.

3. What are the clinical symptoms that you hope to
address with this intervention?
4. What other thermal modalities may be appropriate
over the following 2 weeks for this diagnosis?
Why?

1. What are the indications for traction?
2. What are the physiological effects on the injury
response cycle from the application of this agent?

CaseStQ~ Mr. Smith
Mr. Smith is a 77-year-old man with 10 years of progres
sive degenerative joint disease at the knee. He is currently
2 days out of surgery for a total knee arthroplasty. A con
tinuous passive machine is requested by the physician.

2. What are the physiological effects on the injury
response cycle from the application of this thermal
agent?
3. What are the clinical symptoms that you hope to
address with this intervention?

1. What are three contraindications to the use of a
continuous passive machine?
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Continuation of Case Study From Section 1
(The following discussion relates to Case Study 2 in
Section 1.)
Two of the modalities presented in this section, cer
vical traction and massage, would be appropriate for our
patient's cervical trauma.

Massage
Soft tissue massage using effleurage and petrissage
strokes can promote relaxation of the involved muscles.
Depending on the clinician's preference, the patient could
be placed in the supine, prone, or seated position, with
the head resting on a table to promote relaxation. The
massage strokes should run parallel to the muscle fibers
to help lengthen them. The patient would further benefit
from massage by increased local blood flow and de
creased neuromuscular excitability. Deep, localized fric
tion massage can be used to help break up trigger points.

eee

Cervical Traction
Cervical traction would be used only in the later stages
of this patient's treatment protocol. Recall that the patient
has been diagnosed as having a cervical strain and
sprain. If traction were used too soon after the injury, the
force may cause further damage to the cervical liga
ments. Likewise, the patient does not show signs of ra
diating pain, decreasing the likelihood of cervical nerve
root impingement.
Intermittent cervical traction, applied in two 5-minute
intervals with a maximum of 25 pounds of tension, will
assist in decreasing muscle spasm and pain, especially if
the treatment is preceded by the application of moist heat
packs. Placing the patient in the supine position lowers
the amount of tension needed to elongate the muscles by
decreasing motor activity in the cervical musculature.

Section 5 Quiz

1. All of the following effects have been attributed to
continuous passive motion (CPM) except:
A. Increased nutrition to the meniscus
B. Increased nutrition to the articular cartilage
C. Increased tensile strength of tendons and
allografts
D. Increased nutrition to the anterior cruciate ligament

5. Which of the following techniques produces the
greatest amount of femoral blood flow?
A. Pneumatic sleeve
B. Manual calf compression
C. Straight-leg raises
D. Anatomic CPM

6. All of the following are indications for the use of in
2. Intermittent cervical traction can be useful in reliev
ing the pain associated with intervertebral disk herni
ations. This reduction of pain occurs by reducing the
bulge of the
through the _ _ _ _ _.
A. Fibrous pulposus • nucleus pulposus
B. Annulus fibrosus • nucleus pulposus
C. Nucleus pulposus • annulus fibrosus
D. Nucleus pulposus • fibrous pulposus
3. When applying intermittent compression to an extrem
ity, the pressure in the appliance should not exceed:
A. The diastolic blood pressure
B. The systolic blood pressure
C. The difference between the diastolic and systolic
blood pressure
D. The resting heart rate

4. Electromyographic biofeedback measures:
A. The amount of tension produced by a muscle group
B. The amount of electrical activity within a muscle
C. The amount of myelin activity within a muscle
D. All of the above

termittent compression except:
A. Postsurgical edema
B. Gangrene
C. Lymphedema
D. Venous stasis ulcers
7. Which of the following types of continuous passive
motion designs provides for the most joint stability?
A. Free linkage
B. Anatomical
C. Nonanatomical
8. Light having a wavelength of 780 to 12,500 nm
would be classified as:
A. Ultraviolet
B. Blue
C. Red
D. Infrared

9. Therapeutic laser is being applied at a total of 5 watts
for 10 seconds over an area of 10 square centimeters.
What is the energy density (J/cm 2 )?
A. 5 J/cm 2
B. 25 J/cm 2
C. 0.5 J/cm 2
D. 50 J/cm 2

12. In addition to the amount of force applied, what
other parameters influence the effect of cervical
traction?
A.

B.
C.
D.

10. The depth that laser energy penetrates into the body is
related to:
A. Total watts
B. Duty cycle
C. Wavelength
D. Total joules

13. List two reasons why separation of the vertebral
column occurs at a lower percentage of the patient's
body weight in the reclining position than in the
sitting position.
A.
B.

11. The body's fascia can be elongated using
a
force.
A. Quick, high-intensity
B. Slow, high-intensity
C. Quick, moderate-intensity
D. Slow, moderate-intensity

14. Match the following massage strokes to method of
delivery:
A. Petrissage
Pounding of the skin
B. Tapotement
Kneading of the skin
C. Effleurage
Stroking of the skin
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