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Remembering: State and describe the fundamental properties
of a laser light and the key physical components of a laser
device.

Understanding: Distinguish between the process of
spontaneous and stimulated emission of photons.

Applying: Demonstrate contact versus noncontact methods
as well as gridding. scanning, and stationary application
techniques.

170

IV. DOSIMETRY
A. Laser and Nonlaser Lights
B. Dosimetric Parameters, Formulas, and Units
C. Dosimetric Examples
D. Online Dosage Calculator: Low-Level Laser Therapy

V. APPLICATION, CONTRAINDICATIONS, AND RISKS

Application, Contraindications, and Risks
Case Studies

VI. THE BOTTOM LINE
Vil. CRITICAL THINKING QUESTIONS
VIIl. REFERENCES

Analyzing: Explain how laser energy induces
photobiomodulation effects in soft tissues.

Evaluating: Explain the difference between laser and nonlaser
light as well as the difference between visible red and

_infrared laser therapy.

Creating: Formulate the strength of evidence behind the use
of low-level laser therapy, and write a recommendation on
its overall effectiveness.




I. FOUNDATION

A. DEFINITION

Laser is the acronym for light amplification by stimulated
emission of radiation. Light is defined as the emission of
electromagnetic waves, made of photons, traveling in
space. A laser light, in comparison with all other forms
of light, such as incandescent (light bulb) and lumines-

In 1917, Albert Einstein proposed the theoretical biophysical
concept of stimulated (S) emission {E) of radiation {R), which
became the central process underlying the production of a laSER
light. Einstein is thus considered to be the biophysical father of all
lasers. In 1960, American physicist Theodore Maiman developed
and manufactured the first laser, using a solid ruby crystal as

the lasing medium (Calderhead, 1988; Baxter, 1994). A year later,
another American physicist, Ali Javan, constructed the first
HeNe gas laser. The invention of diodes, or semiconductors, in
the 1970s led to the development of lower-cost, more powerful
lasers than the first HeNe gaseous lasers. Today, the very large
majority of lasers used to deliver low-level laser therapy (LLLT)
are diode-type lasers made of gallium arsenide {GaAs), and
gallium-aluminum-arsenide {GaAlAs) lasing substrates. A few

B. LASER CLASSIFICATION

Lasers are classified into four major hazard classes (I, II,
[1Ta/111b, and 1V) based on the power outputs and exposure
time of the devices (Occupational Safety and Health
Administration, 2007). Hazard refers to the potential risk
of laser to cause biologic damage to the skin and eyes.
Class I, 11, and I1]a lasers have single-diode power outputs
of less than 5 megawatt (mW) and are not used for thera-
peutic purposes. Class I11b lasers have power outputs rang-
ing between 5 and 500 mW and are used for therapeutic
purposes. These lasers pose eye hazards, such as damage
to the retina, if their beams of energy are focused on the
human eye. They pose no hazard to the skin. Finally, class
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cent (fluorescent tube), is monochromatic, collimated,
and coherent in nature. The use of lights, or photons, for
therapeutic purposes, is known as phototherapy. Low-
level laser therapy, known under the acronym LLLT, is
the application of Jow-power light energy, in the visible
red and near-infrared band of the electromagnetic spec-
trum, for the purpose of photoactivating cellular mecha-
nisms leading to enhanced soft-tissue repair and pain
modulation.

Historical Overview

years after the first laser was invented, Hungarian Endre Mester
wanted to test whether laser radiation might cause cancer in
animals (Mester et al., 1968). He shaved the dorsal hair of mice,
divided them in two groups, and exposed one group to a low-
power ruby laser. The results were spectacular. Mester showed
not only that ruby laser radiation caused no cancer in the skin
of the irradiated mice but also that the hair of the treated group
of mice grew more quickly than the hair of the untreated group.
This was the first demonstration that laser energy can induce
photobiostimulation effects on in vivo mammalian soft tissues
(Hamlin et al., 2006). Mester is credited with the first human
applications of LLLT conducted in patients with various chronic
and recalcitrant wounds and ulcers {(Mester et al., 1971, 1985,
1989).

IV lasers, which have single-diode power outputs greater
than 500 mW, are not used therapeutically, because they
pose eye (damage to retina) and skin (cell destruction) haz-
ards if their beams of energy are focused on these biologic
tissues.

C. THERAPEUTIC LASERS

Lasers with power outputs less than or equal to 500 mW
are labeled as low-level laser (LLL) and are used for ther-
apy (T), thus the acronym LLLT, Lasers with power out-
puts greater than 500 mW, on the other hand, are labeled
as high-level laser (HLL) and are used for surgery (S).
Table 11-1 shows a comparison between class I111b and

TABLE 11-1 COMPARISON OF LASER TYPES USED IN HEALTH CARE

LLLT
OSHA classification Ilib
Single diode power <500 mW
Use Therapy

Physiologic effect

Therapeutic effect

Photobiomodulation

Enhance cellular function

HLLS

Y

>500 mW
Surgical therapy
Photothermal

Cellular destruction

LLLT, low-level laser therapy; HLLS, high-level laser surgery; OSHA, Occupational Safety and Health Administration.
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1V lasers used in health care (see Baxter, 1994; Kamami,
1987; Karu, 1998; Schindl et al., 2000; Tuner et al., 2002).
The word therapy is used in reference to the improved cell
function achieved through laser-induced photobiomodu-
lation effects. Class [V lasers, because of their high power
level, are used in surgery; this application is known under
the acronym HLLS. The term surgery is used in reference
to the cell destruction due to laser-induced photothermal
effects. This chapter focuses on the use of low-level laser
devices to treat soft-tissue pathologies in the field of phys-
ical rehabilitation.

D. LOW-LEVEL LASER DEVICES
AND ACCESSORIES

Figure 11-1 illustrates a typical line-powered cabinet-type
diode laser used to deliver LLLT. A complete laser device
consists of a console (power supply) attached via a cable
to the applicator, which contains the diodes. Figure 11-2
shows two common types of applicators or probes used
to deliver LLLT. The key difference between the wand
(see Fig. 11-2A) and cluster (see Fig. 11-2B) probe is that
the former contains only one laser diode (LLD), whereas
the latter contains a group, or a cluster, of LDs. An array
pad applicator, with its diodes positioned in an array as
opposed to a cluster fashion, is also used. Practically
speaking, wand probes are used to treat smaller areas,
whereas cluster probes and array pads are used to treat
medium to large treatment surfaces. The use of class I1lb
lasers requires both the patient and the operator to wear
eye protection goggles during therapy (www.osha.gov).
Figure 11-2C also shows a typical pair of laser safety gog-
gles. These goggles fhlter out the wavelength(s) generated
by the LLLT device while allowing maximum visible light
transmission to the clinician’s eye during therapy. For a

FIGURE 11-1 Typical cabinet diode-type low-level laser therapy
device. (Courtesy of THOR Laser, Inc.)

pair of goggles to be effective, its filter must match the
photonic wavelength range generated by the laser device
being used.

E. RATIONALE FOR USE

The use of LLLT arose from pioneering studies on ani-
mals and humans performed in the 1960s and 1970s by
the Hungarian Endre Mester, who is regarded by many in
the held as the therapeutic father of LLLT (Calderhead,
1988; Baxter, 1994, Tuner et al., 2002). More specifically,
Mester et al. (1970, 1971, 1985, 1989) claimed that by
using a ruby-type laser of low-level power, a therapeutic
response rate of approximately 90% was obtained after
treating more than 1,000 patients with various chronic
and recalcitrant wounds and ulcers. Global recognition of
these Andings spurred researchers and clinicians to fur-
ther explore the photobiologic effects induced by LLLT

FIGURE 11-2 Typical wand (A) and cluster (B) applicators used to
deliver low-level laser therapy. Each applicator may contain a mix
of laser diodes, superluminous diodes, and light-emitting diodes.

C: Typical laser protective goggles worn by both patient and opera-
tor during treatment. {A-C: Courtesy of THOR Laser, Inc.)
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in humans. There is clear evidence, based on the body
of research, that the use of the gaseous helium-neon
(HeNe) laser is now obsolete, with the focus now being
on the use of diode-type lasers. This chapter, therefore,
focuses on the use of diode-type lasers, emitting within
red and infrared lights, for treating soft-tissue pathology.
In summary, the rationale for inducing photobiomodula-
tion using LLLT is based on its ability to affect cellular
function using a nonthermal, nondestructive source of
light energy with no known side effects.

Il. BIOPHYSICAL CHARACTERISTICS

A. FUNDAMENTAL ELEMENTS

The biophysics of lasers is a very complex subject (Nolan,
1987; Karu, 1989, 1998; Baxter, 1994; Kamami, 1997;
Knappe et al., 2004), and addressing its full complexity is
beyond the scope of this chapter. Nonetheless, to under-
stand the basis of laser therapy, one must consider the
following three fundamental elements: the properties of
light, the physical components of a laser, and the process
of laser light emission.

1. Properties of Light

Laser light, as shown in Table 11-2, differs from all other
lights based on the following three properties of light:
monochromacity, coherence, and collimation (Baxter,
1994; Knappe et al., 2004). Monochromacity implies that
all photons accounting for the laser light have a single
wavelength, and thus a single color. The therapeutic
advantage of monochromatic light is that its absorption
can be rargeted at specific, wavelength-dependent photo-
acceptor molecules, called chromophores, buried within
soft tissues. Coherence refers to the fact that the photons
that make up a laser light travel in phase, in both time
(temporal) and space (spatial), with each other. In other
words, it means that all photons travel in the same direc-
tion at the same time. Collimation refers to the ability of a
beam of laser light not to diverge, or spread, significantly
with distance. The advantage of a collimated beam of light
is its ability to be focused precisely on a very small target
area. Table 11-2 thus indicates that laser light, generated
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by an LD, is monochromatic, coherent, and collimated
in nature. It also shows that all regular lights (incandes-
cent and fluorescent) are polychrome, incoherent, and
noncollimated, with the exception of lights generated by
light-emitting diodes (LEDs), and superluminous diodes
(SLDs), which are monochomatic and collimated but
noncoherent. Lights originating from LEDs and SLDs,
therefore, are nonlaser lights (see later discussion).

2. Laser Physical Components

The second element to consider is the three basic physi-
cal components of a laser device: active medium, reso-
nance chamber, and power source (Knappe et al., 2004).
As shown in Table 11-3 and illustrated in Figure 11-3,
LLLT is clinically delivered using gaseous- and diode-
type lasers. The first component, the active medium, also
known as the lasing medium, corresponds to the material
used to emit a laser light, for which the laser is named.
For example, a laser made of a mixture of two inert gases,
such as helium (He) and neon (Ne), is labeled as a HeNe
laser (see Fig. 11-3A). Diode Jasers, as their name implies,
are made of diodes—that is, semiconductors (two slabs
of material separated by a junction) made of different
chemical lasing elements (see Fig. 11-3B). The three
main active media, or organic material, used to construct
a diode laser for LLLT are gallium (Ga), aluminum (Al),
and arsenide (As). These lasers are thus named GaAs
lasers and GaAlAs lasers (see Table 11-3). The second
component of a laser, the resonance chamber, is the cavity
within the laser device that contains the active medium.
In this chamber, the active medium is activated or lased,
leading to the production of a beam of laser light. The
resonance chamber of a HelNe laser is made of a sealed
glass tube, housing the active medium (see Fig. 11-3A).
This tube is mounted with a fully reflective mirror at one
end and a semi-reflective mirror at the other. The beam
of laser light is emitted through the semi-reflective mir-
ror. The resonance chamber of a diode laser, on the other
hand, corresponds to the p—n junction gap between two
slabs of semiconductor material sandwiched together (sece
Table 11-3). This p—n junction gap is commonly referred
to as a diode (see Fig. 11-3B). The p—n junction is created
by placing a p-type semiconductor material (p for posi-
tively charged, because it has a deficit of free electrons

TABLE 11-2 PROPERTIES OF LIGHT

Light Monochromacity

Laser diode Monochromatic

Light-emitting diode Monochromatic
Superluminous diode

Regular Polychromatic

Coherence Collimation
Coherent Collimated
Noncoherent Collimated
Noncoherent Noncollimated
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TABLE 11-3 PHYSICAL COMPONENTS OF LOW-LEVEL LASER

Component Gaseous

Active medium

Resonance chamber

Power source Electrical

and therefore contains holes that accept free electrons)
in contact with an n-type semiconductor material (# for
negatively charged, because it has a surplus of electrons).
The chamber’s parallel reflecting mirrors are obtained
by cleaving along the natural planes of the semiconduc-
tor materials used to make the diode. The third physical
component, the power source, is electrical in nature and
is common to both gaseous- and diode-type lasers. An
electrical current, passing through the resonance cham-
ber, powers the laser, thus stimulating (or lasing) its active
medium, which results in the emission of a beam of laser
light (see arrows in Fig. 11-3).

Fully reflective mirror

Resonant chamber

Gas-filled tube
- Helium—

Neon
Semi-reflective mirror

Energy
source

Laser beam

Fully refiective
surface

Energy
source

« Semi-reflective

-lype
0P surface

material

n-type
material

p—n

junction gap

Laser beam

B
FIGURE 11-3 Schematic physical representation of a helium-neon
(A) and diode-type (B) laser device. The active medium, resonance
chamber, and power source are shown for each laser type. The
laser beam (shown by arrows) for both lasers escapes through the
semi-reflective mirror of the resonance chamber.

Helium—Neon (HeNe)

Sealed glass cylinder

»

Diode

Gallium arsenide {GaAs)
Gallium-aluminum-arsenide (GaAlAs)

Diode p—n junction gap

Electrical

3. Process of Laser Light Emission

The third and final element that one needs to know in
order to understand the nature of laser is the all impor-
tant process of light emission, which results from activation
of the active medium, housed in the resonance chamber.
The sequential biophysical steps leading to emission of a
laser light are described next. These biophysical steps are
the same regardless of the laser type. Figure 11-4 illus-
trates a simple atomic model to help visualize the complex

El
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Eo
B
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Photon
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C
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photon
WU\ Emitted
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D

FIGURE 11-4 Schematic sequences of key atomic states and pro-
cesses leading to emission of a laser beam of light. For simplicity, an
active medium population of only five atoms is presented in a system
with two energy levels. A: Active medium in its resting or ground
state. B: Pumping of active medium causes the majority of atoms

to jump to their metastable energy level, thus causing a population
inversion. G: Spontaneous emission of a photon traveling parallel

to the lateral wall of the resonance chamber. D: An incident photon
striking an electron in its metastable energy level, thus causing the
process of stimulated emission, which corresponds to the release of
a newly emitted photon perfectly identical to the incident photon.

E,, metastable energy state; E,, ground energy state.




fundamental steps needed to create a laser light. This
model presupposes the use of an active medium with a
population of five atoms, all shown resting (i.e., power
Off) at their ground level (see Fig. 11-4A). In reality, any
given active medium has a population of millions of mol-
ecules and billions of atoms.

a. First Step: Pumping of Active Medium

This step involves the activation, or pumping, of the
active medium caused by an electrical current (i.e., power
On) passing into the resonance chamber. To pump the
active medium is to energize it. It is the process of mov-
ing atoms, and therefore their electrons, from their resting
ground state (Eq) to their excited state (E;). This means
that in the resonance chamber, there are now a growing
number of atoms whose electrons have been excited.

b. Second Step: Population Inversion

This step is achieved when a majority of atoms are in their
excited state. Figure 11-4B illustrates this population
inversion by showing electrons of four of the five atoms
(80%) in their excited state.

¢. Third Step: Spontaneous Emission

This step corresponds to the emission of a photon caused
by the spontaneous drop of an electron from its excited
state to its ground state, as illustrated in Figure 11-4C. As
more and more electrons spontaneously drop from their
higher energy level, more and more spontaneous photons
are emitted in the resonance chamber. All photons not
traveling parallel to the wall of the resonance chamber
are absorbed by the lining of the wall and cease to exist.
These three first steps are common to the production of
all light sources.

d. Fourth Step: Stimulated Emission

This fourth step is critical to the creation of a laser light.
Remember that the term laser stands for light amplifica-
tion by stimulated emission of radiation. This process cor-
responds to the emission of a photon caused by an inci-
dent photon striking an atom’s electron into its metastable
energy state, which is defined as an excited state that has
a long lifetime (i.e., a state that lasts long enough for the
incident photon to strike the excited atom before it spon-
taneously de-excites itself by dropping to its ground state).
This striking action, illustrated in Figure 11-4D, causes
the electron to drop from its metastable energy level to its
resting energy level, releasing a new photon that is identi-
cal to the incident photon. Physics has shown that only
one spontaneously emitted photon, traveling parallel to
the lateral wall of the resonance chamber, is needed to
trigger the process of stimulated emission. Both the inci-
dent and the newly emitted photons now travel together
and in phase with each other in the resonance chamber
(see Fig. 11-4D). This process of stimulated emission is
self-perpetuating in that these 2 traveling photons will
later strike 2 other excited electrons, leading to the emis-
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sion of 4 photons, and later to 8, 16, 32, 64 photons, and
SO on.

e. Fifth and Final Step: Amplification

The final step—amplification—is achieved through the
back-and-forth movements of incident and newly emitted
photons traveling parallel to the lateral wall of the reso-
nance chamber as they are reflected between the paral-
lel reflective and semi-reflective mirrors forming the end
walls of the chamber. Physics has shown that the back-
and-forth passing of these photons through the active
medium dramatically amplifies the process of stimulated
emission, triggering a chain reaction as more and more
perfectly identical photons fill the resonance chamber
(see earlier discussion). The ultimate emission of a beam
of laser light through the laser's probe occurs when the
amplification process is maximal—that is, when the reso-
nance chamber has reached its maximum capacity to store
photons. At this point, and as long as pumping continues
(i.e., the laser device is turned On), a percentage of pho-
tons escapes the chamber through the semi-reflective
mirror to form an almost perfect monochromatic, colli-
mated, and coherent beam of light at the tip of the probe.

This beam of laser light is then delivered to soft tissues
during LLLT.

B. LOW-LEVEL LASER THERAPY
RADIATION SPECTRUM

Photons emitted by LLLT lasers have different wave-
lengths that are determined by the nature and specific
composition of their active medium. Figure 11-5 illus-
trates the electromagnetic radiation spectrum occupied
by LLLT, which spans between the visible red and the
infrared band of the electromagnetic spectrum. The vis-
ible band of the electromagnetic spectrum is between
750 and 400 nm. Visible light is made of six different

Infrared Visible Uitraviolet
\\\
N
R|O|Y |G |B |V
1,000 nm 750 nm 400 nm
750 nm 600 nm
804 860 780 632.8
I [ l

GaAs GaAlAs HeNe

FIGURE 11-5 Low-level laser therapy radiation spectrum. GaAs,
gallium arsenide; GaAlAs, gallium-afuminum-arsenide; HeNe,
helium-neon. {R, red; 0, orange; Y, yellow; G, green; B, blue; V, violet)
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lights ranging [rom violet to red. The infrared band is
adjacent to the visible band, with wavelengths ranging
between 1,000 and 750 nanometers (nm). Infrared light
is invisible to the human eye. Low-level laser light is
nonionizing in nature because its energy per photon is
well below the 10 electron volt (eV) ionizing energy per
photon threshold value (see Chapter 10).

C. RED AND INFRARED LASERS

Lasers used to deliver LLLT are commonly referred to as
red and infrared lasers. The gaseous HelNe laser emits a
light having a specific wavelength of 632.8 nm (107° m).
[ts laser light is red and visible to human eyes because
it falls within the red band of the visible spectrum (see
Fig. 11-5). Within the red band of visible light can be
found Mester's original ruby laser, which emitted photons
with a wavelength of 694 nm. Diode-type lasers, on the
hand, emit lights within the infrared band. Located in
Figure | 1-5 are the GaAlAs laser, emitting photons within
860 to 780 nm, and the GaAs laser, emitting photons at
904 nm. Infrared light is invisible. Why then do practi-
tioners see a red beam of light at the tip of an infrared
laser applicator? What is the purpose of this red light?
The red light comes from one or many LEDs embedded
in the applicator, which contains one or many LDs. This
red visible light has two purposes. First, it serves as a
safety measure to remind both patient and operator that an
invisible therapeutic laser beam is being emitted from the
applicator. Second, it serves as a visual guiding aid to help
in guiding this therapeutic beam of invisible light over the
area being treated.

D. DIODE TYPES AND LOW-LEVEL LASER
THERAPY LIGHTS

Three types of diodes are found in today's low-level
lasers: LDs, SLDs, and LEDs (Fig. 11-6). LDs are the
only diodes emitting a laser light—that is, a light that is
monochromatic, coherent, and collimated. As discussed
earlier, SLDs and LEDs emit nonlaser light—that is, a
light that is monochromatic and collimated but noncoher-
ent. Depending of the types and proportion of diodes con-
tained in the applicators, modern lasers used to deliver
LLLT may deliver laser-only light, or both laser and non-
laser lights to the tissues. Why does the field of laser
therapy include nonlaser light? There is evidence to sup-
port the view that as soon as the laser light passes through
the first millimeters of skin (see Fig. 11-5), its qualities of
coherence and collimation are both lost. This means that
the lights emitted by all three types of diodes should have
the same phototherapeutic effects because their lights
now share the same property—that of being monochro-
matic. To make use of nonlaser light in the field of LLLT,
one has to postulate that it is the light's wavelength, or
monochromacity, that is therapeutically important, not its
coherence and collimation properties.

Laser light Nonlaser light

Near Visible Near infrared

infrared red to visible red
904 nm 860—780 nm 1,000-600 nm
Applicator
M M M M
Beam of light €ol Col Col Col
Goh  coh NCoh  NCoh
R B3
Supericial
Penetration
D
depth .
Tissue

FIGURE 11-6 Laser and nonlaser light properties. LD, laser diode.
M, monochromacity; Col, collimation; Coh, coherence.

E. PENETRATION DEPTH

Laser light emitted in the near-infrared band pen-
etrates soft tissue deeper than light emitted in the vis-
ible red band (see Fig. 11-6). Why Is it s0? As shown in
Table 11-4, the depth to which a laser beam of light can
penetrate soft tissues depends on two factors: absorption
and scattering. First, the greater the absorption of photons
by superficial tissues, the fewer the number of photons
the deeper tissues can absorb. In other words, penetra-
tion depth (P) is inversely related to absorption (A), mean-
ing that the greater the absorption superficially, the lesser
the penetration depth (P = 1/A). Biophysics indicates that
visible red laser light is absorbed much more by superfi-
cial tissues (skin and blood) than is infrared invisible light
(Nussbaum et al., 2003). Second, for any laser light to
physiologically and therapeutically affect tissues, it must
first be able to penetrate the skin and underlying targeted
soft tissue before being absorbed by the wavelength-

. specific chromophores buried in the layers of this tissue.

When a laser beam of light hits soft tissues, a significant
portion of its photons is scattered, or deflected, in vari-
ous directions away from the original direct path to the
targeted area. The biophysics of laser indicates that scat-
tering is inversely related to wavelength (S = 1/4). It is
greatest at short wavelengths and gradually decreases at
longer wavelengths (Houza et al., 1993; Nussbaum et al.,
2003). This means that photons of red lasers will experience
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TABLE 11-4 LOW-LEVEL LASER PENETRATION DEPTH

Parameter Formula
Light

Wavelength (A)

Absorption (A}

Scattering (S) S=1/A
Penetration (P) P=1/A
Penetration (P} P=1/S

Penetration depth

GaAlAs and GaAs
Red Infrared
600-780 nm 780~904 nm

+ +

+ +

+ +

+ +
~1.0cm ~5.0cm

GaAlAs, gallium-aluminum-arsenide; GaAs, gallium arsenide; +, less; ++, more.

more scattering than those of infrared lasers when pen-
etrating soft tissues. Biophysics has also established that
penetration depth (P) is inversely related to scattering (S),
meaning that penetration depth decreases as scattering
increases (P = 1/S). As stated earlier, scattering is more
pronounced with shorter-wavelength lasers (red) than
with longer-wavelength lasers (infrared). Compared to
red light lasers, infrared light thus penetrates deeper into
soft tissues because it presents less superficial absorption
and scattering (see Table 11-4 and Fig. 11-6). Penetration
depth value is defined (Low et al., 1990; Baxter, 1994) as
the tissue depth, measured in centimeters, at which the
laser beam energy is reduced to 37% of its original value
(100%). This value is derived from the following formula:
Penetration depth value = /e, where ¢ is a constant value
of 2.718. Penetration depth values for human tissues are
approximately less than 1 cm for red light lasers and less
than 5 cm for infrared light lasers.

F. APPLICATOR DIODE ARRANGEMENT

The proportion of one type of diode, with each diode
having different wavelengths and power, contained in a
given applicator, varies from one manufacturer to the next.
The wand probe, or single probe, contains one and only
one LD. It may also contain one or two SLDs or LDs, if
the Jight emitted by the LD is within the infrared or invis-
ible spectrum. In such a case, the red light emitted by the
SLD serves to guide the laser beam and ensure applica-
tion safety. Cluster probes may contain up to 100 diodes
and array pads up to 200 diodes, with both applicators also
having different proportions of LDs, SLDs, and LEDs.
It is important to keep in mind that the useful life of a laser
is predetermined and specified by the manufacturer. This
is because the laser’s active medium has a finite number of
hours, which may vary between 5,000 and 20,000 hours,
during which it can be optimally stimulated or Jased.

G. LAWS GOVERNING APPLICATION

As is the case with the application of electromagnetic
energy using shortwave diathermy therapy (Chapter 10),
the application of LLLT is also governed by the same four
laws—that is, Arndt-Shultz (dosage), Grotthuss-Draper
(absorption), inverse square (divergence), and Lambert's
cosine (reflection). These laws are fully described and illus-
trated in Chapter 10. Note that the inverse square law does
not apply to laser light (LD) application because its beam is
collimated, thus showing no divergence with distance from

the skin.

lll. THERAPEUTIC EFFECTS
AND INDICATIONS

A. PHOTOBIOMODULATION

The exact physiologic and therapeutic effects of LLLT on
human soft tissues are, unfortunately, far from well estab-
lished or understood. There is a strong consensus in the
scientific literature, however, that LLLT induces photobi-
omodulation effects through photochemical interactions
between photons and healthy cells within and surrounding
the soft-tissue pathology (see Knappe et al., 1994; Reddy,
2004; Hamblin et al., 2006; Lopes-Martin et al., 2007;
Bjordal et al., 2010; Chung et al., 2012; Farraresi et al.,
2012; Prindeze et al., 2012).

B. PROPOSED THERAPEUTIC EFFECTS

Figure 11-7 illustrates the proposed physiologic and
therapeutic effects of LLLT. It shows that the delivery of
low-level laser electromagnetic energy within the visible
red and near-infrared bands causes chromophore acti-
vation, which then triggers photobiostimulation effects
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Photobiomodulation

Analgesia
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Pain Tendinopathy
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in soft tissues. A chromophore, meaning “color lover”
(chromo = color; phore = lover) is a light-absorbing part
of a molecule that gives its color. Melanin (skin dark-
ening), hemoglobin (red blood), and retinal rhodopsin
{color vision) are among the best-known chromophores,
or pigments, found in human tissues. The photobio-
logic effects of LLLT at the cellular level are based on
the absorption of monochromatic visible {(greater than
600 nm) and near-infrared {less than 1 mm) radiation
or light by those photoacceptor molecules found in bio-
logic tissues. There is evidence to suggest that LLLT
photobiomodulates soft tissues by increasing the oxida-
tive metabolism in mitochondria, which is caused by
electronic excitation of components of the respiratory
chain (see Smith, 1991 ; Knappe et al., 1994; Chung
et al.,, 2012). The absorption of light energy by those
chromophores (i.e., mitochondrial cytochromes) is pre-
sumed to trigger the process of photobiomodulation.
As shown in Figure 11-7, effects such as analgesia,
anti-inflammation, and increased protein and collagen
synthesis have been postulated, leading to enhanced
cellular metabolism and function promoting soft-tissue
healing. The body of research shows that LLLT has
been primarily used for the management of wounds,
tendinopathies, and pain.

C. RESEARCH-BASED INDICATIONS

The search for evidence behind the use of LLLT,
displayed in the Research-Based Indications box led to
an impressive collection of 157 English peer-reviewed
human clinical studies. The methodology, as well as the

Wound
management

Anti-inflammatory

Enhance cell metabolism and function

FIGURE 11-7 Proposed physiologic and therapeutic
effects of low-level laser therapy.

criteria, used to assess the strength of evidence and thera-
peutic effectiveness are described in Chapter 2. As indi-
cated, the strength of evidence is ranked as strong for all
the following conditions: dermal wounds, tendinopathies,
myofascial/trigger point pain, rheumatoid arthritis, mixed
painful musculoskeletal conditions, osteoarthritis, herpes/
postherpetic pain, neck/low back pain, temporomandibu-
lar disorders, and carpal tunne! syndrome. Therapeutic
effectiveness is substantiated for those conditions with the
exception of tendinopathies and mixed painful muscu-
loskeletal conditions, where the evidence is found to be
conflicting. Analysis is pending for all other health condi-
tions because fewer than five studies.could be collected.
Over all conditions, the strength of evidence behind the
use of LLLT is found to be strong and its therapeutic
effectiveness substantiated.

IV. DOSIMETRY

A. LASER AND NONLASER LIGHTS

As discussed eatlier, there is evidence to show that the
monochromacity of both laser (LD) and nonlaser (LED,
SLD) lights may be the key property behind the photobio-
modulation process attributed to LLLT. This is because
both coherence and collimation properties are lost (see
Fig. 11-6) as soon as their photons are absorbed by the
exposed tissues (Enwemeka, 2006; Jenkins et al., 2011).
This explains why today’s LLLT lasers may emit laser light
only, or a mixture of laser and nonlaser lights, for thera-
peutic purposes.
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Benefit—Yes

Health Condition ~ Rating

Dermal |
wound

Strength of evidence: Strong

Reference
Schindl et al.,
1998
Hopkins et al.,
2004

Kymplova et al.,
2003

Schindl et al.,
2002

Gupta et al.,
1998

lusim et al.,
1992

Robinson et al.,
1991

Bihari et al.,
1989

Sugrue et al.,
1990

Crous et al.,
1988

Mester et al.,
197

Mester et al., 1985

Schindl, et al.,
1999b

Morita et al., 1993
Gogia et al., 1988

Ashford et al.,
1999

Khan, 1984
Lagan et al., 2000

Herascu et al.,
2005

Ohshiro et al.,
1992

Schindl et al,, 2000

Schindl etal.,
1997

Schindl et al.,
1999

Therapeutic effectiveness: Substantiated

Tendinopathy |

Vasseljen et al.,
1992

Lam et al., 2007

Simunovic et al.,
1998

Lam et al., 2007

England et al.,
1989

Saunders, 1995

Benefit—No

Rating Reference

Kopera et al.,
2005

Malm et al.,
1991
Santoianni
etal., 1984
Lundeberg
et al., 1991
Kokol et al.,
2005

Lagan etal,,
2002

Lucas et al.,
2000
Freanek

et al,, 2002
Lucas et al.,
2003
Nussbaum
et al., 1994

Lagan et al.,
2001

Lundeberg
et al., 1987
Krashen-
innikoff

et al., 1994
Haker et al.,
1990
Papadopoulos
etal, 1996
Haker et al.,
1991a

Haker etal.,
1991b
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Health Condition

Strength of evidence: Strong

Rating
|

Beneﬁl—_Yes

> Research-Based Indications

Reference
Bjordal et al.,
2006a

Stergioulas
et al., 2008

Sharma et al.,
2002

Terashima et al.,
1990
Stergioulas, 2007
Oken et al., 2008
Palmieri, 1984

Saunders, 2003

Therapeutic effectiveness: Conflicting

Myaofascial/trigger
point pain

Strength of evidence: Strong

Ceccherelli
et al., 1989

llbuldu et al.,
2004

Guretal,
2004

Snyder-Mackler
et al.,, 1989

Olavi et al.,
1989

Simunovic, 1996
Logdberg-

Andersson et al.,
1997

Ceylan et al., 2004

Hakguder et al.,
2003

Therapeutic effectiveness: Substantiated

Rheumatoid
arthritits

Strength of evidence: Strong

Palmgren et al.,
1989

Goldman et al,,
1980

Walker, et al.,
1987b

Goats et al.,
1996

Fulga, 1998

Fulga et al., 1994
Longo et al., 1997
Asada et al., 1989
Obara et al., 1987

Therapeutic effectiveness: Substantiated
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Benefit—No

Rating Reference

| Basford
et al., 2000

| Vecchio
etal., 1993

| Darre et al.,
1994

| Tumilty et al.,
2008

| Siebert et al.,
1987

Il Konstantinovic
et al, 1997

Il Okenetal.,
2008

Il Vasseljen
et al., 1992

| Altan et al.,
2005

| Thorsen
et al., 1992

| Waylonis
et al., 1988

| Dundar et al.,
2007

| Laakso et al.,
1997

| Heussler
etal., 1993

| Johannsen
etal, 1994

| Hall et al.,
1994

Il Bliddal et al.,
1987
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Benefit—Yes

Benefit—No

Rating Reference

Health Condition  Rating Reference

Mixed painful |
musculoskeletal
conditions I

Walker, 1983

Atsumi et al.,
1987

| Emmanoulidis
et al., 1986

Il Shiroto et al.,
1989

1] Stergioulas,
2004

il Li, 1990
Il Gartner et al., 1987
Il Tam, 1999

Strength of evidence: Strong
Therapeutic effectiveness: Conflicting

De Bie
etal., 1998

Mulcahy
etal., 1995
Basford

et al,, 1998
Bingol et al.,
2005
Rogvi-Hansen
etal, 1991

Osteoarthritis | Lonauer,

1986

| Willner et al.,
1985

| Jensen et al.,
1987

| Walker, 1983

| Stelian et al., 1992
| Gur et al., 2003a

|

Ozdemir et al.,
2001

| Lewith et al., 1981
1l Trelles et al., 1991

Strength of evidence: Strong
Therapeutic effectiveness: Substantiated

Biilow et al.,
1994

Basford
et al., 1987

Brosseau
et al., 2005

Schindl et al.,
1999a

| Moore et al., 1988

| Ohtsuka et al.,
1992

Il McKibben et al.,
1990

Il Kemmotsu et al.,
1991

Il Yaksish, 1993

Il Matsumura
et al., 1993

Strength of evidence: Strong
Therapeutic effectiveness: Substantiated

Herpes/ |
Postherpetic pain

Neck/low back |
pain

Basford et al.,
1999

| Soriano et al., 1998
| Toyaetal, 1994
| Chow et al., 2006
Il Djavid et al., 2007
Il Guretal., 2003b

Strength of evidence: Strong
Therapeutic effectiveness: Substantiated

Klein et al.,
1990

Benefit—Yes

Benefit—No

Health Condition  Rating Reference Rating Reference
Temporomandibular | Mazzetto et al., | Conti, 1997
disorders 2007
| Kulekcioglu
et al., 2003
| Cetiner et al.,
2006
Il Fikackovaetal,
2007
I Nunezetal,
2006
Strength of evidence: Strong
Therapeutic effectiveness: Substantiated
Carpal tunnel | Naeser et al., | Irvine et al,,
syndrome 2002 2004
| Evcik et al., 2007 Il Ekimetal,
2007
Il Weintraub, 1997
Strength of evidence: Strong
Therapeutic effectiveness: Substantiated
Fewer Than 5 Studies
Orofacial/ | Ong et al., 2001 | Hansen
maxillofacial pain et al., 1990
Il Pinheiroet al.,
1997
Il Pinheiro et al.,
1998
Lymphedema { Catari et al., 2003
| Kaviani et al.,
2006
Il Dirican et al.,
2011
Fibromyalgia | Gur et al., 2002
Il Matsutani et al.,
2007
Trigeminal pain | Eckerdal et al.,
1996
| Walkeretat.,
1987a
Muscle soreness | Craigetal,
1996
| Craig et al.,
1999

Clonus | Walker, 1985

Moore et al.,
1992

Kreczi et al., 1986
Nussbaum, 1999

Raynaud’s | Hirschl et al.,
phenomenon 2004

Strength of evidence: Pending

Postsurgical pain |

Neurogenic pain |
Fibrotic lumps 1l

" Therapeutic effectiveness: Pending

ALL CONDITIONS
Strength of evidence: Strong
Therapeutic effectiveness: Substantiated




B. DOSIMETRIC PARAMETERS, FORMULAS,
AND UNITS

Correct measurement and reporting of dosimetric param-
eters still remains a major problem in the field of LLLT
(Enwemeka, 2011; Jenkins et al., 201 1). For example, there
is clear evidence that common measurements, such as
power density (mW/cm?®) and energy density (J/cm?), may
only be just two of several parameters that should be docu-
mented with each case. To improve the situation, recom-
mendations have been made by the World Association for
Laser Therapy (WALT) to help LLLT researchers and ¢lini-
cians better understand and report all necessary parameters
for a repeatable study or treatment {Jenkins et al., 2011;
waltza.co.za). Table 11-5 lists key recommended dosimetric
parameters, with their formulas and units, that practitio-
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ners need to consider and document when delivering LLLT
to their patients. These parameters are laser type, wave-
length, delivery mode, peak power, mean power, beam irra-
diation area, power density, irradiation duration per point,
energy density, treatment surface area, number of irra-
diation per treatment session, total number of treatments,
dose per point, dose per treatment, and cumulative dose.
To further guide the practice of LLLT based on evidence,
WALT has published dosage recommendations on its web-
site that were last updated in 2010 {(waltza.co.za). These
dosage recommendations are summarized in Table 11-6. As
shown, the recommendations apply the use of diode-type
lasers for the management of tendinopathies and arthritic
disorders. The table shows that the minimum dose per
point, expressed in joules (J), should be a minimum of 4 ]
for GaAlAs and a minimum of 1 ] for GaAs lasers. It also

TABLE 11-5 KEY LOW-LEVEL LASER THERAPY DOSIMETRIC PARAMETERS*

Parameter Synonym

Gaseous: HeNe
Diode: GaAlAs; GaAs

Laser type

Wavelength {A)

Delivery mode Continuous
Pulsed
Peak power (P,) Radiant power

Mean power {Pm)

Beam irradiation area (A) Probe spot size

Power density (P,) Irradiance
Irradiation duration per point {T)

Energy density (E,) Fiuence
Treatment surface area (S)

Number of irradiated points per NbipTr
treatment

Total number of treatments ToNbTr

Dose per paint (D,}
Dose per treatment (D,)
treatment session

Cumulative dose (D}

*Adapted from World Association for Laser Therapy (waltza.co.za).

Energy delivered per point

Total energy delivered during one

Total energy delivered over the
total number of treatments

Formula Units
nm
mwW

Pm=P,x Fx P, mW

where

* P,=peak power in watts

* F=frequencyin Hertz

* PD=pulse duration in seconds
cm?

Py=P, /A mW/cm?

P,=P,/A
sec

E,=Py;xT Jiem?
cm?

D,=P,xT J

0,=P,xT

D,= D, nb of irradiation points J

D.=% 0, J


http:waltza.co.za
http:waltza.co.za
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DOSAGE RECOMMENDATIONS FROM THE WORLD ASSOCIATION FOR LASER THERAPY*

For Tendinopathies and Arthritic Disorders

GaAlAs GaAs
780860 nm 904 nm
Irradiation duration per point* 20-300 s 30600 s
Dose per point* Min4J Min1J

Power density per point

Treatment frequency

GaAlAs, gallium-aluminum-arsenide; GaAs, gallium arsenide.
*Range from £50% of given values.
From World Association for Laser Therapy (waltza.co.za), revised 2010.

shows that the irradiation duration per point should range
between 20 and 600 seconds and that power density per
point should be a maximum of 100 mW/cm®. The dosi-
metric approach used in the case studies presented in this
chapter complies with WALT dosimetric parameters and
dosage recommendations.

C. DOSIMETRIC EXAMPLES

Dosage measurement in the field of LLLT, as exemplified
earlier, can be complex and often confusing. To help in
clarifying and reducing the complexity of the situation,
two dosimetric case examples are presented in Table 11-7
and Table 11-8, respectively. In both cases, a diode-type
laser is used (GaAlAs). The first example is concerned
with the delivery of LLLT in the continuous mode and the
second example with the pulsed mode. In each case, param-
eters related to the application of all three applicators—
wand, cluster, and array pad—are shown. To [acilitate the
understanding of these two examples, let us focus or track
the dosimetric parameters and dosage associated with the
cluster probe.

1. Continuous Mode

The case example presented in Table 11-7 indicates that
a cluster probe made of 36 diodes is used for the delivery
of continuous LLLT. The cluster probe contains 32 LDs
at 880 nm, and 4 LEDs at 660 nm, for a total number of
36 diodes. This GaAlAs laser thus delivers a mix of laser
and nonlaser lights to the tissues. The total peak power (P,)
of this cluster probe is 1,400 mW (32 diodes x 40 mW +
4 diodes x 30 mW). The cluster beam’s irradiation area (A)
has a value of 20 cm?, and the treatment surface area (S) is
measured at 40 cm”. This means that two irradiations per
treatment are necessary in order to cover the full treatment
surface area (2 irradiations per treatment =40 cm?/20 cm?).
Power density (Py) is 70 mW/cm?® (1,400 mW/20 cm?), of
which value is below the 100 mW/cm? value recommended
by the WALT (see Table 11-5). The application method is

Max 100 mW/cm?

Daily for 2 wk or every other day for 3-4 wk

stationary with no contact with the exposed skin surface.
The practitioner, based on WALT’s recommendations (see
Table 11-6), wants to deliver a dose per point (D,) of 7 ].
At first sight, it appears that the peak power of this cluster
is too high because it can deliver the dose (7 ]) in 5 sec-
onds only (7 J = 1,400 mW X 5 s)—much too short an
application duration value for effective therapy according
to WALT, which recommends that irradiation duration per
point be between 20 and 300 s (see Table 11-6). Practi-
tioners need to recall that energy, in the present case, is
delivered over a much greater surface area (A = 20 cm?),
not over a point, or 1 cm?, as presented by WALT. 1f we
divide the cluster probe peak power (P,) by its beam irra-
diation area (A), we then obtain a power density of 70 mW/
cm?, a value that is below WAILT’s recommended value of
100 mW/cm?®. Thus, each square centimeter of tissue gets
70 mW, in which case 7 | is achieved at every square, or
per point, in 100 seconds (7 | = 70 mW x 100 s). This
longer irradiation duration value is now within the WALT
guideline (i.e., between 20 and 300 s). As stated earlier, two
irradiations per treatment session are needed because the
cluster's beam irradiation area (A) is half the treatment sur-
face area (S). This yields a dose per treatment (D,) equal
to 280 ] (280 ] = 7 J/point x 20 points x 2 applications;
1 point = 1 cm®). With a total number of eight treatment
sessions, the total amount of energy delivered to the tis-
sues, or cumnulative dose of light received by the tissues in
this case example, is equal to 2,240 ] (2,240 ] =280 ] x 8).

2. Pulsed Mode

. The dosimetric approach for this case example, using

pulsed mode, is similar to the one used for continuous
mode presented earlier. For the sake of comparison, let us
also track the cluster probe values. As shown in Table 11-8,
all dosimetric parameters are identical to the previous case
with the exception that the laser energy is now pulsed at
a frequency (F) of 2,000 Hz, each pulse having 0.0002 s
duration (PD). This pulsing yields a mean power (P,,) of
560 mW (560 mW = 1.4 W x 2,000 Hz x 0.0002 s). The



http:waltza.co.za

TABLE 11-7

CHAPTER 11

Low-Level Laser Therapy 183

EXAMPLES OF LOW-LEVEL LASER THERAPY DOSIMETRIC MEASUREMENTS FOR

CONTINUOUS MODE
Continuous Mode
GaAlAs Laser
Parameter Wand Probe Cluster Probe Array Pad
Number of diodes 2 36 185
Types of diodes 1LD 321D 140 LD
1LED 4 LED 30SLD
15 LED
Wavelength LD:820 nm LD: 880 nm LD: 904 nm
LED: 600 nm LED:660 nm SLD:780 nm
LED: 640 nm
Diode’s power LD: 40 mW LD:40 mW LD:30 mW
LED: 10 mW LED:30 mW SLD: 50 mW
LED: 20 MW
Total peak power (P,) 50 mW 1,400 mW 6,000 MW
Beam irradiation area (A) 05 cm? 20 cm? 300 cm?
Treatment surface area (S) 4 cm? 40 cm? 260 cm?
Number of irradiated points per 4 40 300
treatment
Power density (P,) 100 mW/cm? 70 mW/cm? 20 mW/cm?
Energy density {E;) 6 J/cm? 7J/cm? 8 J/cm?

Application technique

Stationary with contact

Dose per point (D) 6J
Irradiation duration (T) per 60s
square centimeters or point*

Dose per treatment (D,) 24
Total number of treatments 6
Cumulative dose (D) 144 )

Stationary with no contact

Stationary with contact

7J 8J

100 s 400 s
280 J 2,400 J
8 3

2,240 J 7,200 J

GaAlAs, gallium-aluminum-arsenide; LD, laser diode; LED, light-emitting diode; SLD, superluminous diode.

*Use the Online Dosage Calculator: Low-Level Laser Therapy.

mean power density (Py) value now equals 28 mW/cm®.
This example shows that to deliver the same dose per point
(D,), dose per treatment {D,), and cumulative dose (D,) as
with the continuous mode, the irradiation duration needs
to be longer (from 100 s to 250 s) because of the reduced
laser power density resulting from pulsing the beam of
energy.

3. Dosage Charting

Current guidelines {waltza.co.za) state that clinical dos-
age should be expressed, as exemplified earlier, in joules
as opposed to joules per square centimeter (J/cm?), often
seen in several electrophysical agent textbooks. WALT

suggests that reporting dosage in joules per square cen-
timeter should be confined to studies with small animals
and cell cultures, where the treated surface areas are small.
When much larger surface areas are treated, as is often the
case in humans, the recommendation is to report dosage
in joules (Bjordal et al., 2010; waltza.co.za). WALT further
recommends documénting, for each clinical case, both
the dose per point as well as the cumulative dose of laser
energy delivered to the treated soft tissues, as exemplified
earlier, also in joules (waltza.co.za). To document LLLT
dosage only in term of energy density (J/cm?®), or dose per
point (J), is incomplete and can be misleading. For example,
Table 11-9 demonstrates that although energy density or


http:waltza.co.za
http:waltza.co.za
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TABLE 11-8

EXAMPLES OF LOW-LEVEL LASER THERAPY DOSIMETRIC MEASUREMENTS

FOR PULSED MODE
Pulsed Mode
GaAlAs Laser
Parameter Wand Probe Cluster Probe Array Probe
Number of diodes 2 36 185
Types of diodes 1LD 3210 140 LD
1 LED 4LED 30 SLD
15 LED
Wavelength LD:820 nm LD:880 nm LD:904 nm
LED: 600 nm LED: 660 nm SLD:780 nm
LED: 640 nm
Diode’s power LD: 40 mW LD: 40 mW LD:30 mW
LED: 10 mW LED: 30 mW SLD:50 mW
LED: 20 mW
Total peak power (P} 50 mW 1,400 mW 6,000 mW
Frequency {F) 3,000 Hz 2,000 Hz 1,000 Hz
Pulse duration (PD) 0.0002s 0.0002 s 0.0005s
Mean power (P} 30 mW 560 mW 3,000 mW
Beam irradiation area (A) 05 cm? 20 cm? 300 cm?
Treatment surface area (S} 4cm? 40 cm? 260 cm’
Number of irradiated points 4 40 300
per treatment
Power density (Py) 60 mW/cm? 28 mW/cm? 10 mW/cm?
Energy density (Ey) 6 J/em? 7Jd/em? 8 J/cm?

Application technique

Stationary with contact

Stationary with no contact

Stationary with contact

Dose per point {D,) 6J 7J 8J
Irradiation duration (T) per 100 s 250 s 800 s
centimeter or point™

Dose per treatment (D,) 24 280 J 2,400 J
Total number of treatments 6 8 3
Cumulative dose (D) 144J 2,240 J 7,200J

GaAlAs, gallium-aluminum-arsenide; LD, laser diode; LED, light-emitting diode; SLD, superluminous diode.
*Use the Online Dosage Calculator: Low-Level Laser Therapy.

dose per point is the same (7 ] or 7 J/cm?) for all four case
examples, the dose per treatment and cumulative doses
are quite different. This illustrates why it is preferable to
document, for each clinical case, all three dosages in joules,
because the bottorn line is that dosage must represent the
amount of light energy (joules) delivered over the entire
treated surface area of tissue and not only over 1 cm? of it.

D. ONLINE DOSAGE CALCULATOR: LOW-LEVEL
LASER THERAPY

As described in Chapter 10 on shortwave diathermy, an
Online Dosage Calculator is provided with the objective to 9
lessen the burden associated with recalling those formu-
las and doing similar hand calculations. Upon entering
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TABLE 11-9 EXAMPLES OF LOW-LEVEL LASER THERAPY DOSAGE DOCUMENTATION

Beam Treatment Number of
Irradiating Surface Irradiated
Applicator Area (A) Area (S) Points
Wand 1cm? 1 cm? 1
1cm? 4cm?
Cluster 20 cm? 40 cm? 40
Array pad 300 cm? 300 cm’ 300

the dosimetric parameters, the calculator will provide the
precise irradiation duration required to deliver the desired
dose per point, as well as the amount of the dose per treat-
ment and cumulative dose given to each patient during

the course of LLLT.

V. APPLICATION, CONTRAINDICATIONS,
AND RISKS

Prior to considering the application of LLLT, practitioners
must first check for contraindications, consider the risks,

Dose per

Number of Point or
Treatment Energy Dose per Cumulative
Sessions Density Treatment Dose

10 7J 7J 70J

10 7J 28J 280J

10 7J 280J 2,800 J

10 7J 2,100J 21,000 J

and then go through key application steps and procedures
designed to optimize treatment safety, efficacy, and effec-
tiveness. Note that the listed contraindications apply to
both continuous and pulsed modes. In addition, recall
that LLLT can be applied safely over metallic implants
and on patients with pacemalers. To facilitate quantita-
tive dosimetry, readers are invited to use the Online Dos-
age Calculator: Low-Level Laser Therapy.

APPLICATION, CONTRAINDICATIONS, AND RISKS

E See online video.

STEP

1. Check for
contraindications.

IMPORTANT: Prior to treatment, test whether the laser device is functioning by applying the applicator over the test photoelectrical
cell mounted on the device console. The rationale behind such testing is that infrared lasers generate invisible light, and exposure

to the laser beam generates no sensation. Both patients and practitioners must wear protective glasses or geggles, which filter the
wavelength range emitted by the laser device during therapy. Use a closed room to deliver therapy. Avoid unnecessary exposure to
surrounding staff and patients. Shown, as examples, are applications of LLLT using a cluster (Fig. 11-8) and a wand {Fig. 11-9) probe.

RATIONALE AND PROCEDURE
Over the eye—damage to the retina
Over a malignant lesion—further enhancement and spread of lesion

Over the abdominal and pelvic area of women who are pregnant—interference with normal
development and growth of the fetus

Over a hemorrhagic area—exacerbating the condition by laser-induced vasodilation (Baxter, 2002)
Over the thyroid gland—interfering with normal function of the thyroid gland {Navratil et al., 2002)
In patients with epilepsy—inducing an epileptic seizure (Navratil et al., 2002)

Note: Metal and plastic implants, as well as pacemakers, are not contraindicated and can be
used safely.
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STEP RATIONALE AND PROCEDURE

FIGURE 11-8 Application of low-level laser therapy using a cluster
probe over the cervical area. {Courtesy of THOR Laser, Inc.)

FIGURE 11-9 Application of low-level laser therapy over the knee
area with both patient and operator wearing laser protective gog-
gles. (Courtesy of DJO Global.)

2. Consider the risks. Over an infected area—risk of stimulating or inhibiting bacterial activity
Over bruised muscle—risk of enhancing brusing (Gabel, 1995}
Over testicular region—risk of affecting fertility

Over sympathetic ganglia, vagus nerve, and cardiac region in patients with heart disease—
risk of adverse heart effects (Baxter, 2002)

Over photosensitive skin areas—risk of adverse reaction. A test dose is recommended
before application (Baxter, 2002)

Over hone epiphyseal region of growing children—risk of affecting bone growth

3. Position and Ensure comfortable body positioning. Inform the patient that he or she may feel nothing
instruct patient. during treatment.

4. Prepare treatment Normal skin: Cleanse the exposed skin with rubbing alcohol to remove impurities. Shave
area. excessive hair if necessary.

Wounded skin: Wash and debride the wound. Wear protective gears like goggles, mask,
gown, and gloves to prevent contamination.

5. Estimate location, Locate the pathologic soft-tissue lesion, estimate its depth (in centimeters) from the skin
depth, and surface surface, and measure its surface area (in square centimeters). Information about tissue
area of lesion. depth will guide the selection of laser (see later discussion). Measurement of lesion’s

surface area will guide the selection of applicator’s size (see later discussion).

6. Selectdevice Choose between a cabinet (in clinic therapy) and a portable (bedside or home therapy)
fype. type of device. Diode-type lasers have replaced the gaseous type because they are much
less expensive to manufacture. Consequently, the remaining elements of this protocol
relate only on the application of diode-type lasers (GaAIAS and GaAs). Plug line-powered
devices into ground-fault circuit interrupter (GFCI) receptacles to prevent macroshock
{see Chapter 5).




STEP

1

8.

9.

10.

1.

12,

13.

14.

15.

Select light range.

Select applicator
type and size.

Select application
technique.

Set dosimetry.

Position the
applicator.

Put on protective
laser goggles.

Apply treatment.

Conduct post-
treatment
procedures.

Ensure post-
treatment
equipment
maintenance.
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RATIONALE

Choose between red or infrared, or a mix of both lights. Select laser, superluminous, or light-
emitting diodes.

¢ Red light: Select diodes emitting within the 600750 nm range.
¢ Infrared light: Select diodes emitting within the 750-1 mm range.

The deeper the target tissue, the more infrared light should be used because it is more penetrating.

Choose between the wand, cluster, or array pad applicators. Select the wand probe for
small, cluster probe for medium, and array pad for larger treatment areas.

Choose between stationary with contact, stationary with noncontact, gridding, and scanning.

¢ Stationary with contact: The applicator makes contact with the skin and is kept in place
for the entire irradiating duration or treatment. This method eliminates photenic reflection
off the skin surface and minimizes beam divergence because of the probe’s close
proximity to the treated area.

e Stationary with noncontact: The applicator makes no contact with the skin and is kept in
place for the entire irradiating duration or treatment. The applicator-irradiating surface
is maintained at a few millimeters (less than 1 cm) for the skin surface. This method is
recommended when patients cannot tolerate the pressure exerted by the applicator on the
treated surface.

* Gridding: This technique, also called point-by-point, consists in making a grid by mapping
the entire treatment surface area with 1-cm?® squares to guide the point-by-point application.
Each square centimeter corresponds to one point, thus the related term point-by-point
technique. The grid can be made either visually or with a plastic sheet and a pen. Gridding
is used with the wand probe, because its tip or irradiating area is often less than 1 cm?.

¢ Scanning: The entire treatment surface area is scanned {noncontact) using wand- and cluster-
type probes. This scanning action may be done by manipulating the wand probe {up-and-
down and side-to-side movements). It can also be done automatically by means of robotic
displacements of the diodes within the cluster probe positioned over the treatment area.

Choose between the continuous or pulsed mode of delivery. Determine the dose (J) of energy
that you want to deliver to the tissues per application. Use Table 11-7 {continuous mode) or
Table 11-8 (pulsed mode) as dosimetric templates. Use the dosage recommendations from
the WALT as a guideline (see Table 11-6). To facilitate dosimetry, use the Online Dosage
Calculator: Low-Level Laser Therapy.

Apply the following two laws governing application (see Chapter 10 for details):

e Lambert’s cosine law: Keep the laser beam as perpendicular ds possible to the exposed
treated surface area to minimize light reflection.

« Inverse square law: If noncontact is used, keeps the distance separating the applicator and
the exposed skin surface as small as possible, and constant from one application to the next.

Both patients and practitioners must wear protective glasses or goggles, which filter the
wavelength range emitted by the laser device during therapy.

Ensure adequate monitoring.

Inspect the exposed treatment area, and record any adverse reaction. Clean and disinfect
the applicator faceplate (if contact) to prevent cross-contamination between patients. Ensure
optimal device function. True power outputs specified by some manufacturers may be much
less than advertised, leading to improper dosimetry (Nussbaum, 1999). Power decreases as
the device (diodes) ages, thus requiring routine check and calibration measurements {Jenkins
et al., 2011). Lock the laser device, and store the key in a safe place for further use.

Follow manufacturer recommendations. Inmediately report defects or malfunctions to
technical maintenance staff. Keep in mind that lasers are very susceptible to de-calibration
over time.
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CASE STUDIES

Two case studies follow that summarize the concepts,  young male college athlete. Each case is structured in
principles, and applications of LLLT discussed in this  line with the concepts of evidence-based practice (EBP),
chapter. Case Study 11-1 addresses its use for chronic  the International Classification of Functioning, Disability,
cervical osteoarthritis pain affecting a middle-aged male  and Health (ICF) disablement model, and SOAP (subjec-
taxi driver. Case Study |1-2 is concerned with the appli- tive, objective, assessment, plan) note format (see Chap-

cation of LLLT for an Achilles tendinosis affecting a  ter 2 for details).

CASE STUDY 11-1: CERVICAL OSTEOARTHRITIS
EVIDENCE-BASED CLINICAL DECISION MAKING PROTOCOL

1. Formulate the Case History

A 48-year-old male taxi driver, diagnosed with chronic  current cocktail of analgesic and anti-inflammatory drugs,
cervical osteoarthritis, consults about his condition. His  which in addition to not giving him adequate pain relief

main complaint is severe neck pain during head move-  is adding to his gastric problems. He fervently wants to
ments, particularly when driving his car for relatively lJong  reduce the number of pills he is taking. A few months
periods without rest. Physical and radiographic examina-  ago, he tried transcutaneous electrical nerve stimulation
tions suggest that the pain is caused by bilateral osteoar- ~ (TENS) therapy for a period of 6 weeks but received no
thritic changes affecting facet joints at the C2—C5 level.  satisfactory pain relief. He also tried hot pack therapy, but
Physical examination also reveals a loss of 20 degrees of  that did not provide lasting pain relief either. Surgery is
flexion and 10 degrees of extension. There is also a loss  not indicated. The patient’s goals are to reduce his pain
of 35 degrees of right head rotation and 25 degrees of left  level when driving at work for long hours and improve his

rotation. The patient is looking for an alternative to his ~ head mobility.

2. Qutline the Case Based on the ICF Framework

CERVICAL OSTEOARTHRITIS
BODY STRUCTURES AND FUNCTIONS ACTIVITIES PARTICIPATION
Pain Difficulty rotating his head Difficulty in driving a car

Joint stiffness

PERSONAL FACTORS ENVIRONMENTAL FACTORS
Middle-aged man Car driving
History of health problems Stressful job

Low education

3. Outline Therapeutic Goals and Outcome Measurements

GOAL OUTCOME MEASUREMENT
Decrease pain Visual Analogue Scale (VAS)
Reduce drug intake Pill countin personal diary
Increase cervical range of motion (ROM) Goniometry
Improve head function Neck Disability Index (NDI)
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4. Justify the Use of Low-Level Laser Therapy Based on the EBP Framework

PRACTITIONER'S EXPERIENCE
Moderately experienced in LLLT
Has never used LLLT in similar cases

Believes that LLLT can be beneficial

5. Outline Key Intervention Parameters

¢ Treatment hase: Private clinic

s Device type: Cabinet model (GaAlAs). LLLT is selected
because there is evidence to show its effectiveness for
chronic pain, and because all previous therapies (medi-
cation, TENS, and thermotherapy) have failed to pro-
vide adequate relief. Infrared light (904 nm) is used
because penetration and absorption by deep tissues in
needed. Only one irradiation per treatment is needed
because the beam irradiating area fully covers the treat-
ment surface area. Dosage documentation and values
complies with WALT recommendations.

s Application protocol: Follow the suggested application pro-
tocol for LLLT in Application, Contraindications, and Risks
box, and make the necessary adjustments for this case.

= Patient’s positioning: Lying prone

» Application site: Over the painful posterior neck area

= Application method: Srationary with noncontact

= Applicator type: Handheld cluster with 36 diodes

* Diode type and wavelength: 24 .Ds: 904 nm;12 LEDs:
660 nm

6. Report Pre- and Post-Intervention Outcomes

OUTCOME PRE
Pain (VAS score) 7/10
40 pills/week

Drug intake (number of pills}

Cervical ROM

Improve neck function (NDI score)

RESEARCH-BASED INDICATION
Strength: Strong

Effectiveness: Substantiated

Loss: F 20 degrees; E 10 degrees; RR
35 degrees; LR 25 degrees

32/50

PATIENT'S EXPECTATION
No opinion on LLLT

Just wants pain relief

Delivery mode: Continuous

Peak power*: | 200 mW

« Beam irradiation area: 20 cm®

» Treatment surface area: 18 cm*

Power density*: 60 mW/cm?

& Dose per point*: 6 ]

Application duration*: 100 s

» Number of irradiation per treatment: 1

* Dose per treatment*: 120 ]

¢ Treatment frequency: Daily; 5 days/week

= Intervention period: 2 weeks (15 days)

* Cumulative dose*: 1,200 |

* Concomitant therapies: Neck manipulation combined with
a regimen of ankle flexibility and strengthening exercises

*Use the Online Dosage Calculator: Low-Level Laser Therapy.

POST
2/10
10 pills/week

Loss:F 5 degrees; E5 degrees; RR 15
degrees; LR 5 degrees

12/50

7. Document Case Intervention Using the SOAP Note Format

S: Middle-aged male taxi driver presents with chronic
cervical osteoarthritic pain causing difficulty with head
mobility, particularly while at work. Previous drug,
TENS, and thermotherapy treatments provided mild
pain relief and inadequate functional results.

0: Intervention: LLLT (GaAlAs; 904 and 660 nm) applied
over the posterior neck area; Pt lying prone; method and
applicator: stationary with noncontact—cluster probe;

dosage: D,: 6 J; D 120 J; D,: 1,200 J; treatment sched-
ule: daily, 5 days/week, for 15 days. Pre—post comparison:
Decrease pain VAS score (7/10 to 2/10), decrease drug
intake by 75%, improved cervical range of motion and
improved neck function (NDI score 32/50 to 12/50).

A: No adverse effect. Trearment very well tolerated. Pt sat-
isfied with results.

P: No further treatment required. Patient discharged.
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CASE STUDY 11-2: ACHILLES TENDINOSIS
EVIDENCE-BASED CLINICAL DECISION MAKING PROTOCOL

1. Formulate the Case History

A 20-year-old college basketball player consults for pain-  rtakes over-the-counter analgesic and anti-inflammatory
ful activity- and sports-related symptoms from the right  drugs occasionally. Pain and functional limitation persists
Achilles region. Pain, lasting for 2 months now, is located ~ despite previous treatments, which included cryotherapy
in the Achilles tendon. There is crepitation and tender-  and thermotherapy. The playoff season is fast approach-
ness during palpation. Ankle dorsiflexion is limited to 5 ing, and he is desperate to get better.

degrees. He has difficulty with jumping and running. He

2. Qutline the Case Based on the ICF Framework

CERVICAL OSTEQARTHRITIS
BODY STRUCTURES AND FUNCTIONS ACTIVITIES PARTICIPATION

Pain Difficulty jumping and running Difficulty playing competitive
basketball

Joint stiffness

PERSONAL FACTORS ENVIRONMENTAL FACTORS

Young healthy man College student
Athletic Sports scholarship

Competitive

3. Outline Therapeutic Goals and Outcome Measurements

GOAL OUTCOME MEASUREMENT
Decréasé péin | Visual Analdéue Scale (VAS)
Increase ankle dorsiflexion ROM Goniometry
Improve ankle function Lower Extremity Functional Scale (LEFS)

4. Justify the Use of Low-Level Laser Therapy Based on the EBP Framewaork

PRACTITIONER'S EXPERIENCE RESEARCH-BASED INDICATION PATIENT'S EXPECTATION
Moderately experienced in LLLT Strength: Strong Read on the Internet about LLLT
Occasionally has used LLLT in similar Effectiveness: Conflicting Wants full recovery before playoffs
cases
Is curious to see if LLLT can be Believes that LLLT may be effective
beneficial




5. Outline Key Intervention Parameters

e Treatment base: Private clinic

* Device type: Cabinet model (GaAs). LLLT is selected
because there is evidence to show its effectiveness for
tendinopathies, and because previous therapies (medi-
cation, cryotherapy, and thermotherapy) have failed to
provide adequate therapeutic effects. Infrared light is
used because penetration and absorption by deep tissues
in needed. Four irradiations per treatment are needed to
cover or treat the entire treatrnent surface area. Dosage
parameters comply with WALT recommendations.

* Application protocol: Follow the suggested application
protocol for LLLT in Application, Contraindications,
and Risks box, and make the necessary adjustments for
this case. .

* Patient’s positioning: Lying prone
= Application site: Over the painful Achilles tendon area

» Application method: Stationary with contact; visual grid-

ding
* Applicator type: Handheld wand with 3 diodes

6. Report Pre- and Post-Intervention Outcomes

OUTCOME
Pain {(VAS score}
Ankle ROM

Lower limb function (LEFS score)

L]

L]
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Diode type and wavelength: | LD of 820 nm; 2 LDs of
720 nm

Delivery mode: Pulsed

Mean power*: 80 mW

Beam irradiation area: | cm’

Treatment surface area: 4 cm”

Power density*; 80 mW/cm?

Dose per point*: 4 |

Application duration®: 50 s

Number of irradiations per treatment: 4

Dose per treatment™: 16 |

Treatment frequency: daily; 5 days/week

Intervention period: 2 weeks

Cumulative dose™*: 160 |

Concomitant therapies: A regimen of eccentric exercises
combined with static stretching of the triceps surae

*Use the Online Dosage Calculator: Low-Level Laser Therapy.

Loss: dorsiflexion b degrees

48/80

POST
110
Loss: dorsiflexion 0 degrees

64/80

7. Document Case Intervention Using the SOAP Note Format

S: Young athletic Pt presents with right Achilles tendi-
nopathy causing difficulty with regular activities, par-
ticulasly while playing competitive basketball. Previous
drug, cryotherapy, and thermotherapy provided tempo-
rary pain relief but limited functional benefit.

: Intervention: LLLT (GaAs; 820 and 720 nm) applied
over the Achilles tendon area; Pt lying prone; applicator
and application: wand probe, stationary with contact;
dosage: D,: 4T, Dy: 16 ], D 160 J; treatment schedule:

daily, 5 daysiweek, for 10 days. Pre—post comparison:
Decrease pain VAS score (6/10 to 1/10), full ankle
dersiflexion, and improved lower limb function (LEFS
scores from 4880 to 64/80).

: No adverse effect. Treatment very well tolerated.
:No further treatment required. Patient discharged.

Aslked to better warm up the lower limbs before com-
petitive basketball.

VI. THE BOTTOM LINE

® There is strong scientific evidence to show that LLLT
can induce significant photobiologic effects on human
superficial and deep solt tissues.

LLLT is the delivery of electromagnetic energy, within
the red visible and near-infrared band of the electro-
magnetic spectrum, for therapeutic purposes.

All laser (LD) and nonlaser (LED, SLD) lights are
capable of generating therapeutic photobiologic effects
on soft tissues.

LLLT energy is absorbed by chromophores triggering
photobiomodulation effects.

Monochromacity appears to be the key property behind
the photobiologic effects of LLLT, because both coher-
ence and collimation are lost as soon as the beam of
light enters the skin.

Near-infrared light is more penetrating than red visible
light.

Optimal energy delivery is achieved when the four laws
governing application are applied.
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® Using the Online Dosage Calculator: Low-Level Laser

Therapy removes the burden of hand calculation and

promotes the adoption of quantitative dosimetry.

The dosage recommendations from the WALT provide

adequate guidelines for dosimetry.

* Dose per point (D,), dose per treatment (D), and

cumulative dose (D.) should be measured, recorded,

and expressed in joules.

Metal and plastic implants, as well as pacemakers, are

not contraindicated in LLLT and can be exposed to

light energy safely.

Until the photobiologic effects associated with pulsed

LLLT are better defined, using continuous LLLT

remains the gold standard.

® The overall body of evidence reported in this chapter
shows the strength of evidence behind LLLT to be strong
and its level of therapeutic effectiveness substantiated.

Vil. CRITICAL THINKING QUESTIONS

Clarification: What is meant by low-level laser therapy (LLLT)?

Assumptions: You assume that the therapeutic optical window
of LLLT is within the visible red and invisible infrared
band of the electromagnetic spectrum. How do you justify
making that assumption?

Reasons and evidence: What leads you to believe that
monochromacity may be the key property behind the
therapeutic effects of LLLT?

Viewpoints or perspectives: How will you respond to a
colleague who says that the use of LLLT is well justified
today for the treatment of cutaneous wounds and
tendinopathies?

Implications and consequences: What are the implications and
consequences of (1) using a wand instead of a cluster,
or an array pad, applicator, {2) if neither the operator nor
the patient wears protective goggles when delivering
or receiving LLLT, and (3) if the lasers are not regularly
calibrated?

About the question: What is the estimated penetration depth of
red and infrared lasers used to deliver LLLT to soft tissues?
Why do you think | ask this question?

VIIl. REFERENCES

Articles

Altan L, Bibgol U, Aykac M, Yurtkuran M (2005) Investigation of the
effect of GaAs laser therapy on cervical myofascial pajn syndrome.
Rheumatol Int, 25: 23-27

Asada K, Yutani Y, Shimazu A (1989) Diode laser therapy for rheumatoid
arthritis. A clinical evaluation of 102 joints treated with low reactive-
level laser therapy (LLLT). Laser Ther, 1: 147—151

Ashford R, Lagan K, Brown N, Howell C, Nolan C, Brady D, Walsh
M {1999} Low-intensity laser therapy for chronic venous leg ulcers.
Nurs Stand, 14: 66-70, 72

Atsumi K, Fijumasa I, Abe Y (1987) Biostimulation effect of low-power
energy ol diode laser for pain relief. Lasers Surg Med, 7: 77-82

Basford JR, Malanga GA, Krause DA, Harmsen WS (1998) A random-
ized controlled evaluation of low-intensity laser therapy: Plantar fas-
ciitis. Arch Phys Med Rehabil, 79: 249-254

Basford JR, Sheffield CG, Cieslak KR (2000) Laser therapy: A random-
ized, controlled trial of the effects of low intensity Nd:Yag laser irra-
diation on lateral epicondylitis. Arch Phys Med Rehabil, 81: 1504—
1510

Basford JR, Sheffield CG, Harmsen WS (1999) Laser therapy: A ran-
domized, controlled trial of the effects of low-intensity Nd:YAG laser
irradiation on musculoskeletal back pain. Arch Phys Med Rehabil,
80: 647-652

Basford JR, Sheffield CG, Mair SD, lstrup DM (1987) Low-energy
helium-neon laser of thumb ostearthritis. Arch Phys Med Rehabil,
68: 794-797

Bihari 1, Mester AR (1989) The biostimulative effects of low-level laser
therapy of long-standing crural ulcers using helium-neon laser, helium-
neon plus infrared lasers, and noncoherent light: Preliminary reports
of a randomized double-blind comparative study. Laser Ther, 1: 75-78

Bingol U, Altan L, Yurtkuran M (2005) Low-power laser treatment for
shoulder pain. Photomed Laser Surg, 23: 459-464

Bjordal JM, Lopes-Martins RA, Tversen VV (2006a) A randomized pla-
cebo controlled trial of low level laser therapy for activated Achilles
tendonitis with microdialysis measurement of peritendinous prosta-
glandin E2 concentration. Br | Sports Med, 40: 76-80

Bliddal H, Hellesen C, Ditlevsen P, Asselberghs ], Lyager L (1987)
Soft-laser therapy of rheumatoid arthritis. Scand J Rheumatol, 16:
225-228

Brosseau L, Wells G, Marchand S, Gaboury I, Stokes B, Morin M, Casi-
miro L, Yonge K, Tugwell P (2005) Randomized controlled trial on
lower laser therapy (LLLT) in the treatment of osteoarthritis (OA) on
the hand. Lasers Surg Med, 36: 210-219

Bilow PM, Jensen H, Danneskiold-Samsoe B {1994) Low-power Ga-
Al-As laser treatment of painful osteoarthritis of the knee. Scand J
Rehab Med, 26: 155-159

Catari CJ, Anderson SN, Gannon BJ, Piller NB (2003) Treatmenr of
postmastectomy lymphedema with low-Jevel laser therapy: A double
blind, placebo-conrrolled trial. Cancer, 98: 1114-1122

Ceccherelli F, Altafini L, Lo Castro G, Avila A, Ambrosio F, Giron GP
(1989) Diode laser in cervical myofascial pain: A double-blind study
versus placebo. Clin | Pain, 5: 301-304

Cetiner S, Kahraman SA, Yucetas S (2006) Evaluation of low-level laser
therapy in the treatment of temporomandibular disorders. Photomed
Laser Surg, 24: 637-641

Ceylan, Hizmetli S, Silig Y (2004) The effect of infrared laser therapy
and medical treatments on pain and serotonin degradation products
in patients with myofascial pain syndrome. A controlled trial. Rheu-
matol Int, 24: 260-263

Chow RT, Barnsley LB, Heller GZ (2006) The effect of 300 mW,
830 nm laser on chronic neck pain: A double-blind, randomized,
placebo-controlled study. Pain, 124: 201-210

Conti PC (1997) Low level laser therapy in thé treatment of temporo-
mandibular disorders {TMD): A double-blind pilot study. Cranio, 15:
144-199

Craig JA, Barlas P, Baxter GD, Walsh DM, Allen )M (1996) Delayed-
onset of muscle soreness: Lack of effect of combined phototherapy/
low-intensity laser therapy at Jow pulse repetition rates. | Clin Laser
Med Surg, 14: 375-380

Craig JA, Barron ), Walsh DM, Baxter GD (1999) Lack of effect of
combined low-intensity laser therapy/phototherapy (CLILT) on
delayed onset muscle soreness in humans. Lasers Surg Med, 24:
223-230

Crous LC, Malherbe CP (1988) Laser and ultraviolet light irradia-
rion in the treatment of chronic ulcers. S Afr ] Physiother, 44:
73-77

~ Darre EM, Klokker M, Lund P, Rasmussen JD, Hansen K, Vedtoffe PE

(1994) Laser therapy of Achilles tendonitis. Ugeskr Lacger, 156:
6680-6683

De Bie RA, de Vet HC, Lenssen TF, van den Wildenberg FA, Koot-
stra G, Knispschild PG (1998) Low-level laser therapy in ankle
sprains. A randomized clinical trial. Arch Phys Med Rebabil, 79:
1415-1420

Dirican A, Andacoglu O, Jobnson R, McGuire K, Mager L, Soran A
(2011} The short-term effects of low-level laser therapy in the man-
agement of breast-cancer related lymphedema. Support Care Can-
cer, 19: 685-690




Djavid GE, Mehrdad R, Ghasemi M, Hasan-Zedeh H, Sotoodeh-
Manesh A, Pouryaghoub G (2007) In chronic low-back pain, low-
level laser therapy combined with exercise is more beneficial than
exercise alone in the long term: A randomized trial. Aust ] Physio-
ther, 53: 155-160

Dundar U, Evcik D, Samli F, Pusak H, Kacuncu V (2007) The effects
of gallium arsenide laser therapy in the management of cervical myo-
fascial pain syndrome: A double blind, placebo-controlled study. Clin
Rheumatol, 26: 930-934

Eckerdal A, Bastian HL (1996) Can low reactive-level laser therapy
be used in the treatment of neurogenic facial pain? A double-blind,
placebo-controlled investigation of patients with trigeminal neural-
gia. Laser Ther, 8: 247-252

Ekim A, Armagan O, Tascioglu F, Oner C, Colak M (2007) Eftect of
low-level laser therapy in rheumatoid patients with carpal tunnel
syndrome. Swiss Med Wkly, 137: 347-352

Emmanoulidis O, Diamantopoulos C (1986) CW IR low-power laser
application significantly accelerates chronic pain rehabilitation of pro-
fessional athletes. A double-blind study. Lasers Surg Med, 6: 173-178

England S, Farrell A, Coppock JS, Struthers G, Bacon PA (1989) Low-
power laser therapy ol shoulder tendonitis. Scand ] Rheumatol, 18:
427-431

Enwemeka CS (2011) The relevance of accurate comprehension of
trealment parameters in photobiomodulation. Photomed Laser Surg,
29: 783-784

Evcil D, Kavuncu V, Cakir T, Subasi V, Yaman M (2007) Laser therapy
in the treatment of carpal tunnel syndrome: A randomized controlled
trial. Photomed Laser Surg, 25: 34-39

Fikackova H, Dostalova T, Navrati] L, Klaschka | (2007) Effective-
ness of low-level laser therapy in temporomandibular joint dis-
orders: A placebo-controlled study. Photomed Laser Surg, 25:
297-303

Freanek A, Krol P, Kucharzewski M (2002) Does low output laser
stimulation enhance the healing of crural ulceration? Some critical
remarks. Med Eng Phys, 24: 607-615

Fulga C (1998) Anti-inflammatory effect of Jaser therapy in rheumatoid
arthritis. Rom ] Intern Med, 36: 273-279

Fulga C, Fulga IC, Prodescu M (1994) Clinical study of the effect of
laser therapy in rheumatic degenerative diseases. Rom ] Intern Med,
32:227-233

Gabel P (1995) Does laser enhance bruising in acute sporting injuries?
Aust ) Physiother, 41: 273-275

Gartner CH, Becker M, Dusoir T (1987) Pain control in spondyloarthri-
tis with infrared laser. Lasers Surg Med, 7: 79-81

Goats GC, Flett E, Hunter A, Stirling A (1996) Low-intensity laser
and phototherapy for rheumartoid arthritis. Physiotherapy, 82:
311-320

Gogia PP, Hurt BS, Zirn TT (1988) Wound management with whirlpool
and infrared cold laser treatment. Phys Ther, 68: 1239-1242

Goldman JA, Chiapella ], Casey H, Bass N, Graham ], McClatchey W,
Dronavalli RV, Brown R, Bennet W], Miller SB, Wilson CH, Pearson
B, Haun C, Persinski L, Huey H, Muckerheide M (1980) Laser
therapy in rheumatoid arthritis. Laser Surg Ther, 1: 93-101

Gupta AK, Filimenko N, Salansky N, Sauder DN (1998) The use of low
energy photon therapy (LEPT) in venous leg ulcers: A double-blind,
placebo-controlled study. Dermatol Surg, 24: 1383-1386

Gur A, Cosut A, Sarac A, Cevik R, Nas K, Uyar A (2003a) Efficacy of
different therapy regimes of low-power Jaser in painful osteoarthritis
of the knee: A double-blind and randomized-controlled trial. Lasers
Surg Med, 33: 330-338

Gur A, Karakoc M, Cevik R, Nas K, Sarac A], Karakoc M (2003b) Effi-
cacy of low power laser therapy and exercise on pain and functions in
cheonic low back pain. Lasers Surg Med, 32: 233-238

Gur A, Kakaroc M, Nas K, Cevik R, Sarac |, Ataoglu S (2002) Effects
of low power laser and low dose amitriptyline therapy on clinical
symptoms and quality of life in fibromyalgia: A single-blind, placebo-
controlled trial. Rheumatol Tnt, 22: 188-193

Gur A, Sarac AJ, Cevik R, Altindag O, Sarac S (2004) Efficacy of 904
nm gallium arsenide low level laser therapy in the management of
chronic myofascial pain in the neck: A double-blind and randomized-
controlled trial. Lasers Surg Med, 35: 229-235

CHAPTER 11 Low-Level Laser Therapy 193

Haker EH, Lunderberg T (1990) Laser trearment applied to acupunc-
ture points in lateral humeral epicondylalgia. A double-blind study.
Pain, 43: 243-247

Haker EH, Lundeberg TC (1991a) Lateral epicondylalgia: Report of
noneffective midlaser treatment. Arch Phys Med Rehabil, 72: 984-
988

Haker EH, Lundeberg TC (1991b) Is low energy Jaser treatment effec-
tive in lateral epicondylalgia® ] Pain Symptom Manage, 6: 24 1-
246

Hakguder A, Birtane M, Gurcan S, Kokino S, Turan FN (2003) Eff-
cacy of low level laser therapy in myofascial pain syndrome: An
algometric and thermographic evaluation. Lasers Surg Med: 33:
339-343

Hall ], Clarke AK, Elvins DM, Ring EF (1994) Low-level laser therapy is
ineffecrive in the management of rheumatoid arthritic finger joints.
Br ] Rheumatol, 33: 142-147

Hansen HJ. Thoroe U (1990) Low-power laser biostimulation of chronic
oro-facial pain. A double-blind, placebo-controlled cross-over study
in 40 patients. Pain, 43: 169-179

Herascu N, Velciu B, Calin M, Savastru D, Talianu C (2005) Low-leve!
laser therapy (LLLT) efficacy in post-operative wounds. Photomed
Laser Surg, 23: 70-73

Heussler JK, Hinchey G, Margiotta E, Quinn R, Butler P, Martin J,
Sturgess AD (1993) A double-blind, randomized trial of low-power
laser treatment in rheumatoid arthritis. Ann Rheum Dis, 52: 703—
706

Hicschl M, Katsenschlager R, Francesconi C, Kundi M (2004) Low level
laser therapy in primary Raynaud's phenomenon—results of a pla-
cebo controlled, double blind intervention study. | Rheumatol, 31:
2408-2412

Hopkins JT, McLoda TA, Seegmiller JG, Baxter GD (2004) Low-leve!
laser therapy facilitates superficial wound healing in humans: A
triple-blind, sham-controlled study. ] Athl Train, 39: 223-229

Houza G, Gerenemus R, Dover ], Aindt K (1993) Lasers in dermatology.
Arch Dermarol, 129: 1026—]035

1buldu E, Cakmak A, Disci R, Aydin R (2004) Comparison of laser, dry
needling, and placebo laser treatments in myofascial pain syndrome.
Photomed Laser Surg, 22: 306311

Itvine J, Chong SL. Amirjani N, Chan KM (2004) Double-blind ran-
domized controlled trial of low-level laser therapy in carpal tunne]
syndrome. Muscle Nerve, 30: 182-187

usim M, Kimchy J. Pillar T (1992) Evaluation of the degree of effective-
ness of Biobeam low level narrow band light on the treatment of skin
ulcers and delayed postoperative wound healing. Orthopedics, 15:
1023-1026

Jenkins PA, Carroll JD (2011) How to report low-level laser therapy
(LLLT)/photomedicine dose and beam parameters in clinical and
laboratory studies. Photomed Laser Surg, 29: 785-787

Jensen H, Herreby M, Kjer | (1987) Tnfrared laser-effect in painful
arthrosis of the knee? Ugeskr Laeger, 149: 3104-3106

Johannsen F, Hauschild B, Remvig L, Johnsen V, Petersen M, Bieler
T (19%94) Low-energy laser therapy in rheumatoid arthritis. Scand ]
Rheumatol, 23: 145147

Kaviani A, Fateh M, Nooraie RY, Alinagi-Zadeh MR, Ataie-Fashtami L
(2006) Low-level laser therapy in management of postmastectomy
lymphedema. Lasers Med Sci, 21: 90-94

Kemmotsu O, Sato K, Furumido H, Harada K, Takigawa C, Kaseno S,
Yokota S, FHanaoka Y, Yamamura T (1991) Efficacy of low reactive—
level laser therapy for pain attenuation of postherpetic neuralgia.
Laser Thec, 3: 71-76 :

Khan ] (1984) Case reports: Open wound management with the HeNe
(632.8 nm) cold laser. | Orthop Sports Phys Ther, 6: 203-204

Klein RG, Eek BC (1990) Low-encrgy laser treatment and exercise for
chronic low back pain: Double-blind controlled trial. Arch Phys Med
Rehabil, 71: 34-37

Knappe V, Frank F, Rohde E (2004) Principles of lasers and biophotonic
effects. Photomed Laser Surg, 22: 411-417

Kokol R, Berger C, Haas J, Kopera D (2005) Venous leg ulcers: No
improvement of wound healing with 685-nm low level laser therapy.
Randomized, placebo-controlled, double blind study. Hautarzt, 56:
570-575



194 PART lll  Electromagnetic Agents

Konstantinovic L, Antonic M, Badareski Z (1997) Combined low-power
laser therapy and local infltration of corticosteroids in the treatment
of radial humeral epicondylitis. Vojnosanit Pregl, 54: 439-463

Kopera D, Kolwl R, Berger C, Haas ] {2005) Does the use of low-
level laser influence wound healing in chronic venous leg ulcers? ]
Wound, 14: 391-394

Krasheninnikofl M, Ellitsgaard N, Rogvi-Hansen B, Zeuthen A, Harder
K. Larsen R, Gaardbo H (1994) No efflect of low-power laser in lat-
eral epicondylitis. Scand ] Rheumarol. 23: 260-263

Kreczi T, Klinger D (1986) A comparison of laser acupuncture ver-
sus placebo in radicular and pseudoradicular pain syndromes as
recorded by subjective responses of patients. Acupunct Electrother
Res, 11:207-216

Kulekcioglu S, Sivrioglu K, Ozcan O, Parlak M (2003) Effectiveness
of Jow-level laser therapy in temporomandibular disorders. Scan ]
Rheumatol, 32: 114-118

Kymplova ], Navratil L, Knizek ] (2003) Contribution of photother-
apy to the treatment of episiotomies. ] Clin Laser Mied Surg, 21:
35-39

Laakso E, Richardson C, Cranond T (1997) Pain scores and side effects
in response to low level laser therapy (LLLT) for myolascial trigger
points. Laser Ther, 9: 67-72

Lagan KM, Clements BA, McDonough S, Baxter GD (2001) Low
intensity laser therapy (830nm) in the management ol minor post-
surgical wounds: A controlled clinical study. Lasers Surg Med, 28:
27-32

Lagan KM, McDonough SM, Clements BA, Baxter GD (2000) A case
report of low intensity laser therapy (LILT) in the management of
venous ulceration: Potential ctlects of wound debridement upon eff-
cacy. ] Clin Laser Med Surg, 18: 15-22

Lagan KM, McKenna T, Witherow A, Johns ], McDonough SM, Baxter
GD (2002) Low-intensity laser therapy/combined phototherapy in
the management of chronic venous ulceration: A placebo-controlled
study. ] Clin Laser Med Surg, 20: 109-116

Lam KL, Cheing GL (2007) Effects of 904-nm low-level laser therapy
in the management of lateral epicondylitis: A randomized controlled
trial. Photomed Laser Surg, 25: 65-71

Lewith GT, Machin D (1981) A randomized trial to evaluate the effects
of infrared stimulation on local trigger points, versus placebo, on the
pain caused by cervical osteoarthritis. Acupunct Electrother Res, 6:
277-284

Li XH (}990) Laser in the department of traumatology: With a report of
60 cases of soft tissue injury. Laser Ther, 2: 119-122

Logdberg-Andersson M, Mutzell S, Hazel A (1997) Low level laser ther-
apy ol tendinitis and myofascial pain: A randomized double-biind
controlled study. Laser Ther, 9: 79-86

Lonauer G (1986) Controtled double-blind study on the efficacy of
HeNe laser beams versus HelNe infrared laser beams in the ther-
apy ol activated osteoarthritis of finger joints. Lasers Surg Med, 6:
J72-175

Longo L, Simunovic Z, Posliglione M, Postiglione M (1997) Laser
therapy for fibromyositic rheumatisms. ] Clin Laser Med Surg, 15:
217-220

Lucas C, Coenen CH, De Haan RJ (2000) Thc effect of low level
laser therapy on stage 111 decubitus ulcers: A prospective, ran-
domized singlc-blind, multicenter pilot study. Lasers Med Sci, 15:
94-100

Lucas C, van Gemet M), de Haan R] (2003) Efficacy of low-Jevel laser
therapy in the management of stage 111 decubitus ulcers: A prospec-
tive, observer-blinded multicentre randomised clinical trial. Lasers
Med Sci, 18: 72-77

Lundeberg T. Haker E, Thomas M (1987) Effect of laser versus placebo
in tennis elbow. Scand ] Rehab Med, 19: 135-138

Lundeberg T, Malm M (1991) Low-power HeNe laser treatment of
venous leg ulcers. Ann Plastic Surg, 27: 537-539

Malm M, Lundeberg T (1991) Effect of low power gallium arsenide
laser on healing of venous ulcers. Scand ] Plast Reconstr Surg Hand
Surg, 25: 249251

Matsumura C, Ishikawa F, Imai M, Kemmotsu O (1993) Useful effect
of application of helium-neon LLLT on an early stage of case of her-
pes zoster: A case report. Lascr Ther, 5: 43-46

Martsutani LA, Marques AP, Ferreira EA, Assumpcao A, Lage LV,
Casarotto RA, Pereira CA (2007) Effectiveness of muscle
stretching exercises with and without laser therapy at tender
points for patients with fibromyalgia. Clin Exp Rheumatol, 25: 410~
415

Mazzetto MO, Carasco TG, Bidinelo EF, de Andrade Pizzo RC,
Mazetto RG (2007) Low intensity laser application in temporo-
mandibular disorders: A phase | double-blind study. Cranio, 25:
186-192

McKibben LS. Downie R (1990) Treatment of postherpetic pain using a
904 nm low-energy infrared laser. Laser Ther, 2: 20-25

Mester E, Korenyi-Both A, Spiry T, Tisza S (1970) The effect of laser
irradiation on the regeneration of muscle fibres (preliminary report).
Z Exp Chirurg, 8: 258-262

Mester E, Mester A {1989) Wound healing. Laser Ther, 1: 7-15

Mester E, Mester AF, Mester A (1985) The biomedical effect of laser
application. Lasers Surg Med, 5: 31-39

Mester E, Spiry T, Szende B, Tota JG (1971) Effect of laser rays on
wound healing. Am ] Surg, 122: 532-535

Mester E, Szende B, Gartner P (1968) The effect of laser beams on the
growth of hair in mice. Radiobiol Radiother, 9: 621-626

Moore KC, Hira N, Broomc 1], Cruikshank JA (1992) The effect of
mfrared diode laser irradiation on the duration and severity of post-
operative pain. A double-blind trial. Laser Ther, 4: 145-150

Moore KC, Hira N, Kumar PS, Jayakumar CS, Oshiro T (1988) A
double-blind crossover trial of low-level laser therapy in the treat-
ment of post herpetic neuralgia. Laser Ther, 1: 7-9

Morita H, Kohno ], Hori M, Kitano Y (1993) Clinical application of
low reactive—level laser therapy (LLLT) for atopic dermatitis. Keio
) Med, 42: 174-176

Mulcahy D. McCormack D, McElwain ], Wagstalt S, Conroy C (1995)
Low-level laser therapy: A prospective double-blind trial of its use in
an orthopedic population. Injury, 26: 315-317

Naeser MA, Han KA, Lieberman BE, Branco KF (2002) Carpal tunnel
syndrome pain treated with low-level laser and microamperes trans-
cutaneous electric nerve stimulation: A controlled study. Arch Phys
NMed Rehabil, 83: 978988

Navratil L, Kymplova ] (2002) Contraindications in non-invasive
laser therapy: Truth and fction. ] Clin Laser Med Surg, 20: 341-
343

Nolan L] (1987) Laser physics and safety. Clin Podiatr Med Surg, 4:
777-786

Nunez SC, Garces AS, Suzuki SS, Ribeiro MS (2006) Management
of mouth opening in patients with temporomandibular disorders
through low-level laser therapy and transcutaneous electrical nerve
stimulation. Photomed Laser Surg, 24: 45--49

Nussbaum EL (1999) Low-intensity laser therapy for benign fibrotic
lumps in the breast following reduction mammaplasty. Phys Ther,
79: 691-698

Nussbaum EL, Biemann |, Mustard B (1994) Comparison of ultra-
sound/ultraviolet-C and laser for treatment of pressure ulcers in
patients with spinal cord injury. Phys Ther, 74: 812-823

Nussbaum EL, Van Zuylen |, Baxter GD (1999) Specification of treat-
ment dosage in Jaser therapy: Unreliable equipment and radiant
power determination as confounding factors. Physiother Can, Si:
159-167

Obara ). Yanase M, Motomura (1987) The pain reliel of low-energy laser
irradiation on rheumatoid arthritis. Pain Clinic, 8: 18-22

Ohshiro T, Maeda T (1992) Application of 830-nm diode laser LLLT
as successful adjunctive therapy of hypertrophic scars and keloids.
Laser Ther, 4: 155-168

Ohtsuka H, Kemnotsu O, Doazaki S, Imai 1 (1992) Low reactive—level
laser therapy near the stellate ganglion for postherpetic facial neural-
gia. Masui, 91: 1809-1813

Oken O, Kahraman Y, Ayhan F, Canpolat S, Yorgancioglu ZR, Oken OF
(2008) The short-term efficacy of laser, brace, and ultrasound treat-
ment in Jateral epicondylitis: A prospective, randomized, controlled
trial. ] Hand Ther, 21: 63-67

Olavi A, Pekka R, Pertti X (1989) Effects of the infrared laser therapy
at treated and non-treated trigger points. Acupunct Electrother Res,
14: 914



http:domi7.ed
http:contro.ll.ed

Ong KS, Ho VC (2001) Pain reduction by low-level laser therapy: A
double-blind, controlled, randomized study in bilaterally symmetri-
cal oral surgecy. Am | Pain Manage, 11: 12-16

Ozdemir F, Birtane M, Kokino S (2001) The clinical efficacy of low-
power laser therapy on pain and function in cervical osteoarthritis.
Clin Rheumatrol, 20: 181-184

Palmgren N, Jensen GF, Kaa K, Windelin M, Colov HC (1989) Low-
power laser therapy in rheumatoid arthritis. Laser Med Sci, 4: 193—
196

Palmieri B (1984) Stratified double blind crossover study on tennis
elhow in young amateur athletes using infrared laser therapy. Med
Laser Report, 1-7

Papadopoulos ES, Smith RW, Cawley M1, Mani R (1996) Low-level
laser therapy does not aid the management of tennis elbow. Clin
Rehab, 10: 9-11

Pinheiro AL, Cavalcanti ET, Pinheiro TI, Alves M]J, Manzi CT
(1997) Low-level laser therapy in the management of disorders of
the maxillofacial region. J Clin Laser Med Surg, 15: 181-183

Pinheiro AL, Calvalcanti ET, Pinheiro Tl, Alves M], Miranda ER, De
Quevedo AS, Manzi CT, Vieira AL, Rolim AB (1998) Low-level laser
therapy is an important tool 10 treat disorders of the maxillofacial
region. ] Clin Laser Med Surg, 16: 223-226

Robinson B, Walters | (1991) The use of low laser therapy in diabetic
and other ulcerations. | Br Pod Med, 46: 10-14

Rogvi-Hansen B, Ellitsgaard N, Funch M, Dall-Jensen M, Prieske ]
(1991) Low-level laser treatment of chondromalacia patellae. Int
Orthop, 15: 359-361

Santoianni P, Monfrecola G, Martellota D, Ayala F (1984) Inadequate
effect of helium-neon laser on venous leg ulcers. Phorodermatology,
1: 245-249

Saunders L (1995) The efficacy of low-level laser therapy in supraspina-
tus tendinitis. Clin Rehab, 9: 126-134

Saunders L (2003) Laser versus ultrasound in the treatment of supra-
spinatus rendinosis: Randomized controlled trial. Physiotherapy, 89:
365-373

Schindl A, Heinze G, Schindl M, Pernerstorfer-Schon H, Schindl L
(2002) Systemic effects of low-intensity laser irradiation on skin
microcirculation in patients with dialetic microangiopathy. Micro-
vasc Res, 64: 240--246

Schindl A, Neumann R (1999a) Low-intensity laser therapy is an effec-
tive treatment for recurrent herpes simplex infection. Results from
a randomized, double-blind, placebo-controlled trial. J Invest Med,
113:221-223

Schindl A, Schindl M, Pernerstorfer-Schon H, Kerschan K, Knobler R,
Schindl L (1999b) Djabetic neuropathic foot ulcer: Successful treat-
ment by low-intensity laser therapy. Dermatology, 198: 314-316

Schind] A, Schindl M, Pernerstorfer-Schon H, Mossbacher U, Schindl
L (2000) Low-intensity laser irradiation in the treatment of recal-
citrant radiation ulcers in patients with breast cancer—long-term
results of three cases. Photodermatol Photoimmunol Photomed, 16:
34-37

Schindl A, Schindl M, Schind! L (1997) Successful treatment of persis-
tent radiation ulcer by low-power laser therapy. ] Am Acad Dermatol,
37: 646—648

Schindl A, Schind! M, Schon H, Knobler R, Havelec L, Schind] L
(1998) Low-intensity laser irradiation improves skin circulation in
patients with diabetic microangiopathy. Diabetes Care, 21: 580—
584

Schindl M, Kerschan K, Schindl A, Schon H, Heinzl H, Schindi L
(1999) Induction of complete wound healing in recalcitrant ulcers
by low-intensity laser irradiation depends on ulcer cause and size.
Photodermatol Photoimmunol Photomed, 15: 18-21

Sharma R, Thukral A, Kumar S, Bhargarva SK (2002) Effect of fow level
lasers in de Quervains tenosynovitis: Prospective study with ultraso-
nographic assessment. Physiotherapy, 88: 730-734

Shiroto C, Ono K, Onshiro T (1989} Retrospective study of diode laser
therapy for pain attenuation in 3635 patients: Detailed analysis by
questionnaire. Laser Ther, 1: 41-48 .

Siebert W, Seichert N, Seibert B, Witth CJ (1987) What is the efficacy
of "soft” and “mild” lasers in therapy of tendinopathies? A double-
blind study. Arch Orthop Trauma Surg, 106: 358-363

CHAPTER 11  Low-level Laser Therapy 195

Simunovic Z (1996) Low-level laser therapy with trigger points tech-
nique: A clinical study of 243 patients. ] Clin Laser Med Surg, 14:
163-167

Simunovic Z, Trobonjaca T, Trobonjaca Z (1998) Treatment of medial
and latera) epicondylitis—tennis and golfer’s elbow—with low-Jevel
laser therapy: A multicenter double-blind, placebo-controlled clini-
cal study on 324 patients. ] Clin Laser Med Surg, 16: 145-151

Smith KC (1991) The photobiological basis of low-level laser radiation
therapy. Laser Ther, 3: 19-24

Snyder-Mackler L, Barry A], Perdins Al, Soucek MD (1989) Effects
of helium-neon laser irradiation on skin resistance and pain in
patients with trigger points in the neck or back. Phys Ther, 69:
336-341

Soriano S, Rios R (1998) Gallium arsenide laser treatment of chronic
low back pain: A prospective, randomized and double blind study.
Laser Ther, 10: 175-180

Stelian J, Gil I, Habot B (1992) Improvement of pain and disability
in elderly patients with degenerative osteoarthritis of the knee
treated with narrow band light therapy. ] Am Geriatr Soc, 40:
23-26

Stergioulas A (2004) Low-level laser treatment can reduce edema in sec-
ond degree ankle sprains. J Clin Laser Med Surg, 22: 125-128

Stergioulas A (2007) Effects of low-level laser and plyometric exercises
in the treatment of lateral epicondylitis. Photomed Laser Surg, 25:
205-213

Stergioulas A, Stergioulas M, Aarskog R, Lopes-Martins RA, Bjordal JM
(2008) Effects of low level laser therapy and eccentric exercises in
the treatment of recreational athletes with chronic Achilles tendi-
nopathy. Am ) Sports Med, 36: 881-887

Sugrue ME, Carolan |, Leen E], Feeley TM, Moore DJ, Shanik GD
(1990) The use of infrared Jaser therapy in the treatment of venous
uceration. Ann Vasc Surg, 4: 179-181

Tam G (1999) Low-power laser therapy and analgesic action. J Clin
Laser Med Surg, 17: 29-33

Terashima H, Okajima K, Motegi M (1990) Low laser level irradiation
for lateral humeral epicondylitis and De Quervain’s disease. Laser
Ther, 2: 27-32

Thorsen H, Gam AN, Svensson BH, Jess M, Jensen MK, Piculell 1,
Schack LK, Skjort K (1992) Low-level laser therapy for myofascial
pain in the neck and shoulder girdle. A double-blind, cross-over
study. Scand ] Rheumatol, 21: 139-141

Toya S, Motegi M, Inomata K, Ohshiro T, Maeda T (1994) Report on
a computer randomized double blind clinical trial to determine the
effectiveness of the GaAlAs (830 nm) diode laser for attenuation in
selected pain groups. Laser Ther, 6: 143-148

Trelles MA, Rigau |, Sala P (1991) Infrared diode laser in low reactive—
level laser therapy (LLCLT) for knee osteoarthritis. Laser Ther, 3:
198-153 ’

Tumilty S, Munn ], Abbott |H, McDonough S, Hurley DA, Baxter JD
(2008) Laser therapy in the treatment of Achilles tendinopathy. A
pilot study. Photomed Laser Surg, 26: 25-30

Vasseljen O, Hoeg N, Kjelstad B, Johnsson A, Larsen S (1992) Low-level
laser versus placebo in the treatment of tennis elbow. Scand | Rehab
Med, 24: 3742

Vecchio P, Cave M, King V, Adebajo AO, Smith M, Hazleman BL (}1993)
A double-blind study of the effectiveness of low-]evel laser treatment
of rotator cuff tendonitis. Br | Rheumatol, 32: 740-742

Walker ] (1983) Relief from chronic pain by low-power laser irradiation.
Neurosci Lett, 43: 339-344

Walker |B (1985) Temporary suppression of clonus in humans by brief
photostimulation. Brain Res, 340: 109~] 13

Walker |B, Akhanjee LK, Cooney MM (1987a) Laser therapy for pain of
trigeminal neuralgia. Clin ] Pain, 3: 183-187

Walker |B, Akhanjee LK, Cooney MM, Goldstein ], Tamayoshi S, Segal-
Gidan F (1987b) Laser therapy for pain of rheumatoid arthritis. Clin
| Pain, 3: 54-59

Waylonis GW, Wilke S, O'Toole D, Waylonis DA, Waylonis DB (1988)
Chronic myofascial pain: Management by low-output helium-neon
laser therapy. Arch Phys Med Rehabil, 69: 1017-1120

Weintraub MI (1997) Noninvasive laser neurolysis in carpal tunnel syn-
drome. Muscle Nerve, 20: 1029-1031



196 PART il Electromagnetic Agents

Willner R, Abeles M, Myerson G (1985) Low-power infrared laser bio-
stimulation of chronic osteoarthritis in hand. Laser Surg Ved, 5:
149-150

Yaksish | (1993) Low-energy laser therapy for treatment of post-herpetic
neuralgia. Ann Acad Med Singapore, 22 (Suppl 3): 441-442

Review Articles

Bjordal ]V, Lopes-Martins RA, Joensen ], lverson VV (2010). The anti-
inflammatory mechanism of low level laser and its relevance for clin-
ical use in physiotherapy. Phys Ther Rev, 15: 286-293

Chung H, Dai T, Sharma SK, Huang YY, Carroll JD, Hamblin MR
(2012) The nuts and bolrs of low-level laser (light) therapy. Ann
Biomed Eng, 40: 516-533

Farraresi C, Hamblin MR, Parizotto NA (2012) Low-level laser (light)
therapy (LLLT) on muscle tissue: Performance, fatigue and repair
benefit by the power of light. Photonics Lasers Med, 1: 267~286

Hamblin MR, Demidova TN (2006) Mechanisms of low leve] light ther-
apy. Proc of SPIE, 6]40: 1-12

Lopes-Martins R, Penna SC, Joensen ], lversen VV, Bjordal JM (2007)
Low level laser therapy (LLLT) in inflammatory and rheumatic dis-
eases: A review of therapeutic mechanisms. Cur Rheumatol Rev, 3:
147-154

Prindeze NJ, Moffatt LT, Shupp JW (2012) Mechanisms of action for
light therapy: A review of molecular interactions. Exp Biol Med, 237:
1241-1248

Reddy GK (2004) Photobiological basis and clinical role of low-inten-
sity lasers in biology and medicine. ] Clin Laser Med Surg, 22:
141-150

Schindl A, Schindl M, Pernerstorfer-Schon H, Schindl L (2000) Low-
intensity laser therapy: A review. ] [nvest Med, 48: 312-326

Textbooks

Baxter GD (1994) Therapeutic Lasers: Theory and Practice. Churchill
Livingstone, New York

Kamami YV (1997) Le laser en pratique medicale. Masson, Paris

Karu T (1998) The Science of Low-Power Laser Therapy. Gordon &
Breach Science, Amsterdam

Tuner ], Hode L (2002) Laser Therapy: Clinical Practice and Scientific
Background. Prima Books, Grangesberg

Miscellaneous

Enwemeka CS (2006) The place of coherence in Jight induced tissue
repair and pain function. Photomed Laser Surg, 24: 457

Occupational Safery and Health Administration (OSHA)—U.S. Depart-
ment of Labor (2007)

U.S. Food and Drug Administration (FDA)—Department of Health &
Human Services (2002) Section S10K n.k0101175 Notification of
Premacket Approval, February 6, 2002

Internet Resources

waltza.co.za: World Association for Laser Therapy

www.naalt.org: North American Association for Light Therapy

http://thePoint.lww.com: Online Dosage Calculator: Low-Level Laser
Therapy

Suggested Review Articles

Al-Shengiti AM, Oldham JA (2009) The use of low intensity laser ther-
apy in the treatment of myofascial trigger points. An updated critical
review. Phys Ther Rev, 14: 115-123

Bjordal JM (2007) On “is low-level laser therapy effective . .
Ther, 87: 224-226

Bjordal JM. Bogen B, Lopes-Martin RA, Klovning A (2005) Can
Cochrane reviews in controversial areas be biased® A sensitive
analysis based on the protocol of a systematic Cochrane review on
low-Jeve] laser therapy in osteoarthritis. Photomed Laser Surg, 23:
453-458

Bjordal JM, Couppé C, Chow RT, Tuner |, Ljunggren EA (2003) A
systematic review of low level laser therapy with Jocation-specific
doses for pain from chronic joint disorders. Aust ] Physiother, 49:
107-116

" Phys

Bjordal ], Couppé C, Ljunggren A (2001) Low-level laser therapy for
tendinopathy. Evidence of a dose-response pattern. Phys Ther Rey,
6:91-99

Bjordal JM, Johnson MI, Iversen VV, Aimbire FR (2006b) Low level
laser therapy (LLLT) in acute pain: A systematic review of possible
mechanisms of action and clinical effects in randomized placebo-
controlled trials. Photomed Laser Surg, 24: 158-168

Bjordal JM, Johnson MI, Lopes-Martins RA, Bogen B, Chow R, Ljung-
gren AE (2007) Short-term efficacy of physical interventions in
osteoarthritic knee pain. A systematic review and meta-analysis of
randomized placebo-controlled trials. BMC Musculoskelet Disord,
22:8-51

Bjordal JM, Lopes-Martins RA, Joensen ], Couppe C, Ljunggren AE,
Stergioulas A, Johnson M1 (2008) A systematic review with proce-
dural assessments and meta-analysis of low level laser therapy in
lateral elbow rendinopathy (tennis elbow). BMC Musculoskeler Dis-
ord, 9: 75-89

Brosseau L, Welch V, Wells G, Tugwell P, de Bie R, Gam A, Harman K,
Shea B, Morin M (2000) Low-level laser therapy for osteoarthritis
and rheumatoid arthritis: A meta-analysis. ] Rheumatol, 27: 1961-
1969

Chang WD, Wu JH, Yang W], Jiang JA (2010) Therapeutic effects of
low-level laser on lateral epicondylitis from different interventions
of Chinese-Western medicine: Systematic review. Photomed Laser
Surg, 28: 327-336

Chow RT (2009) Efficacy of low-level laser therapy in the management
of neck pain: A systematic review and meta-analysis of randomized
placebo or active-treatment controlled trials. Lancet, 374: 1897-1908

Enwemeka CS (1988) Laser biostimulation of healing wounds: Specific
effects and mechanisms of action. J Orthop Sports Phys Ther, 9:
333-338

Enwemeka CS, Parker JC, Dowdy DS, Harkness EE, Sanford LE, Wood-
ruff LD (2004) The efficacy of low-power laser in tissue repair and pain
control: A meta-analysis study. Photomed Laser Surg, 22: 323-329

Hashmi JT, Huang YY, Sjarma SK, Kurup DB, de Taboada L, Carroll
JD, Hamblin MR (2010) Effects of pulsing in low-level light therapy.
Lasers Surg Med, 42: 450-466

Hawkins D, Houreld N, Abrahamse H (2005) Low level laser therapy
(LLLT) as an effective therapeutic modality for delayed wound heal-
ing. Ann N'Y Acad Sci, 1056: 486-493

Joensen |, Demmink JH, Johnson MI, lversen VV, Lopes-Martins RA,
Bjordal JM (2011) The thermal effects of therapeutic lasers with 810
and 904 nm wavelengths on human skin. Photomed Laser Surg, 29:
145-153

Lucas C, Stanborough RW, Freeman CL (2000) Efficacy of low level
laser therapy on wound healing in human subjects: A systematic
review. Lasers Med Sci, 15: 83-94

Maher S (2006) [s low-level laser therapy effective in the management
of lateral epicondylitis> Phys Ther, 86: 11611167

Naeser MA (2006) Photobiomodulation of pain in carpal tunnel syn-
drome: Review of seven laser therapy studies. Photomed Laser Surg,
24:101-110

Nussbaum EL, Baxter GD, Lilge L (2003) A review of laser technology and
light-tissue interactions as a background to therapeutic applications of
low intensity lasers and other light sources. Phys Ther Rev, 8: 31-44

Nussbaum EL, Burke S, Johnstoune L, Lahiffe G, Robitaille E, Yoshida K
(2007a) Use of electrophysical agents: Findings and implications of
a survey of practice in Metro Toronto. Physiother Can, 59: 118-131

Nussbaum EL, Van Zuylen ], Jing F (2007b) Transmission of light
through human skin folds during phototherapy: Effects of physical
characteristics, irradiation wavelength, and skin-diode coupling.
Physiother Can, 59: 194-207

. Peplow PV, Chung TY, Baxter GD (2010) Application of low level laser

technologjes for pain relief and wound healing: Overview of scien-
tific bases. Phys Ther Rey, 15: 253-285

Pereira da Silva |, Alves da Silva M, Figueiredo Almeida AP, Lombardi I,
Matos AP (2010) Laser therapy in the tissue repair process: A litera-
ture review. Photomed Laser Surg, 28: [7-21

Posten W, Wrone DA, Dover ]S, Arndt KA, Silapunt S, Alam M (2005)
Low-level laser therapy for wound healing: Mechanism and efficacy.
Dermatol Surg, 31: 334-340



http:http://thePoint.lviw.com
http:www.naalt.org
http:waltza.co.za

Smith KC (2005) Laser (and LED) therapy is phototherapy. Photomed
Laser Surg, 23: 78-80

Sobanko JF, Alster TS (2008) Efficacy of low-level laser therapy for
chronic cutaneous ulceration in humans: A review and discussion.
Dermatol Surg, 34: 9911000

Stasinopoulos DI, Johnson MI (2005) Effectiveness of low-level laser ther-
apy for lateral elbow tendinopathy. Photomed Laser Surg, 23: 425-430

Tumilty S, Munn J, McDonough S, Hurley DE, Basford JR, Baxter
GD (2010) Low level laser treatment of tendinopathy: A systematic
review with meta-analysis. Photomed Laser Surg, 28: 3—16

CHAPTER 11  Low-Level Laser Therapy 197

Woodruff LD, Bounkeo JM, Brabbon WM, Dawes KD, Barham CD,
Waddell DA, Enwemeka CS (2004) The efficacy of laser therapy
in wound repair: A meta-analysis of the literature. Photomed Laser
Surg, 22: 241-247

World Association for Laser Therapy (2006) Consensus agreement
on the design and conduct of clinical studies with low-level
laser therapy and light therapy for musculoskeletal pain and dis-

orders. Consensus Agreement Paper. Photomed Laser Surg, 24:
761-762



	Therapeutic Electrophysical Agents- 3th Ed- 2014

