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Low Level Laser (Light) Therapy (LLLT) in Otolaryngology

Chung-Ku Rhee

Low Level Laser (Light) Therapy

Recently, biotechnology has provided various new medical
knowledge, tools, and techniques to generate treatments for dis-
eases that were previously incurable or difficult to treat. Low level
laser (light) therapy (LLLT) is one of these kinds of new medical
technique that made it possible to treat many medical conditions
that were difficult to treat previously.

LLLT, also known as photobiomodulation, has a wavelength-
dependent capability to alter cellular behavior in the absence of
significant heat. LLLT involves exposing lesions to low levels of
red and near infrared laser or light in the range of 1-1000 mW and
referred to low level because its light energy density is low com-
pared to other forms of high energy laser that are used to cut,
ablate, or thermally coagulate tissues. Traditionally, low power
laser has been referred for LLLT, but recently, the light-emitting
diode (LED) also has been used for LLLT in place of laser.
LED produces lights that are similar to those of lasers, but its
wavelength has broader output peaks and lacks the coherence that
is a particular feature of laser light. LED has the advantage of being
less expensive [1], safer to use, and easier to manufacture than
laser.

Phototherapy (light therapy) was practiced in ancient Egypt,
Greece, China, and India. The Egyptians utilized sunlight as well
as color for healing [2]. Color has been investigated as medicine
since 2000 BC [3]. LLLT was noticed to stimulate hair growth in
1967, wound healing in mice in 1971, and the wound healing
effect was soon applied to human patients [4-7]. LLLT is being

Brian J.-F. Wong and Justus ligner (eds.), Biomedical Optics in Otorhinolaryngology: Head and Neck Surgery,
DOI 10.1007/978-1-4939-1758-7_16, © Springer Science+Business Media New York 2016

235



236 Chung-Ku Rhee

used to treat musculoskeletal injury, pain, inflammatory arthritis,
tendinitis, neuropathic pain, orofacial pain, sports injuries,
Buerger’s disease, headache, nerve repair, sympathetic nervous
system dysfunction, hemangiomas, immune modulation, bacterial
infections, inflammation, and tinnitus [8]. LLLT has become a
popular treatment modality and is finding a variety of uses in medi-
cal practice. In the past decade, LLLT has been approved by the
United States Food and Drug Administration (FDA) in treating
diseases such as carpal tunnel syndrome [9] and alopecia [10].

Mechanisms of LLLT

LLLT effects are due to photochemical effects unlike high pow-
ered laser. The photons of light must be absorbed by some molec-
ular photoreceptors on chromophores for photochemistry to occur
[11] as chlorophyll in plants responding to light and activating
photosynthesis. Within the cells, there is strong evidence to sug-
gest that LLLT acts on the mitochondria to increase adenosine
triphosphate (ATP) production, modulation of reactive oxygen
species (ROS), and induction of transcription factors. Several tran-
scription factors are regulated by changes in cellular redox state.
Among them, redox factor-1 (Ref-1) dependent activator protein-
1 (AP-1) (a heterodimer of c-Fos and c-Jun), nuclear factor kappa
B (NF-x(kappa)B), p53 activating transcription factor/cAMP-
response element-binding protein (ATF/CREB), hypoxia-
inducible factor (HIF)-1, and HIF-like factor are those regulated
[12]. These transcription factors then cause protein synthesis that
triggers further effects downstream, such as increased cell prolit-
eration and migration, modulation in the levels of cytokines,
growth factors, and inflammatory mediators, and increased tissue
oxygenation [13]. Figure 1 shows the proposed cellular and molec-
ular mechanisms of LLLLT [12].

Biphasic Dose Response

It is well established that if the light applied is not of sufficient
irradiance or the irradiation time is too short then there is no
response. If the irradiance is too high or irradiation time is too
long then the response may be inhibited [14-16]. Somewhere in
between is the optimal combination of irradiance and time for
stimulation [12]. At present there has been no convincing report
of biphasic dose responses occurring in patients, but several sys-
tematic reviews and meta analyses of randomized controlled trials
in LLLT have found that some ineffective trials may be explained
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Fig. 1 Cellular mechanisms of LLLT. Schematic diagram showing the absorption of red or near infrared (NIR)
light by specific cellular chromophores or photoacceptors localized in the mitochondrial. During this process in
mitochondria respiration chain ATP production will increase and reactive oxygen species (ROS) are generated,;
nitric oxide is released or generated. These cytosolic responses may in turn induce transcriptional changes via
activation of transcription factors (e.g., NF-x(kappa) B and AP1) (from Ann Biomed Eng. 2012 40: 516-33, with
permission from Springer)

by over-dosing, in that the guidelines set by World Association for
Laser Therapy were exceeded. Moreover, it is unknown to what
extent the parameters are needed for the onset of the biphasic dose
response, and it will vary in a highly heterogeneous patient
population as compared with a highly uniform population of
experimental animals [16].

Pulsing in LLLT

Pulsed light offers numerous potential benefits. Because there are
“quench periods” (pulse OFF times) following the pulse ON
times, pulsed lasers can generate less tissue heating. In instances
where it is desirable to deliver light to deeper tissues, increased
powers are needed to provide adequate energy at the target tissue.
This increased power can cause tissue heating at the surface layers
and in this instance, pulsed light could be very useful. Whereas
continuous wave (CW) causes an increase in temperature of the
intervening and target tissues or organ, pulsed light has been
shown to cause no measurable change in the temperature of the
irradiated area for the same delivered energy density.

Aside from safety advantages, pulsed light might simply be
more effective than CW. The “quench period” (pulse OFF times)
reduces tissue heating, thereby allowing the use of potentially
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much higher peak power densities than those that could be safely
used in CW. For example, when CW power densities at the skin of
>2 W/cm? are used, doubling the CW power density would only
marginally increase the treatment depth while potentially signifi-
cantly increasing the risk of thermal damage; in contrast, peak
powers of >5 W /cm? pulsed using appropriate ON and OFF times
might produce little or no tissue heating. The higher peak powers
that can be safely used by pulsing light can overcome tissue heating
problems and improve the ability of the laser to penetrate into
deeper tissues achieving greater treatment depths. The majority of
the pulsed light sources used for LLLT have frequencies in the
2.5-10,000 Hz range and pulse durations are commonly in the
range of a few millisecond [1].

Penetration Depth

The most important parameter that governs the depth of penetra-
tion of laser light into tissue is wavelength. Both the absorption
and scattering coefficients of living tissues are higher at lower
wavelength, so near-infrared light penetrates more deeply than red.
It is often claimed that pulsed lasers penetrate more deeply into
tissue than CW lasers with the same average power. There is no
consensus on the effects of different frequencies and pulse param-
eters on the physiologic and therapeutic response of the various
disease states that are often treated with laser therapy. This has
allowed manufacturers to claim advantages of pulsing without hard
evidence to back up their claims. CW light is the gold standard and
has been used for most of LLLT applications. However, review of
the literature indicates that overall pulsed light may be superior to
CW light with everything else being equal. This seemed to be par-
ticularly true for wound healing and post-stroke management. On
the other hand, pulsed laser as a solo treatment may be less benefi-
cial than CW in patients requiring nerve regeneration. Reviews of
literatures indicate that pulsing will continue to play an important
role in LLLT especially for applications where deep tissue penetra-
tion is required [1].

Transcanal LLLT on Noise-Induced Hearing Loss, Ototoxic Hearing Loss, Tinnitus,
and Vestibular Dysfunction

Transcanal Penetration
Rate and Side Effects
of Transcanal LLLT

The penetration rate of low level laser (LLL) into perilymphatic
space of cochlea through an external ear canal, tympanic mem-
brane, and cochlear wall has been measured using 830 nm laser
diode, and side effects of LLL on ear canal, tympanic membrane,
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Transmeatal penetration rate of LLL (80 mW transcanal irradiation)

Penetration through tympanic

membrane Penetration through cochlea wall
Cadaver 4 mW (5 %) 1.6 mW (2 %)
Guinea Pig 6.4 mW (8 %) 4 mW (4 %)

No penetration of laser through mastoid bone was demonstrated

and cochlea have been studied. Laser diode of 80 mW was irradi-
ated through an external ear canal of guinea pigs once daily for 2
weeks. Histopathologic study was done, and hearing tests were
measured using auditory brain response (ABR). Transcanal pene-
tration rates in guinea pigs were 6.4 mW (8 %) at the middle ear
behind the tympanic membrane and 4 mW (5 %) at the perilym-
phatic space of cochlea. Histopathology studies of ear canal skin
and tympanic membrane showed all normal findings. ABR hear-
ing tests revealed all normal hearing after transcanal LLLT for 2
weeks. Separate penetration study using human cadaver temporal
bones showed that transcanal penetration rate of LLL was 4 mW
(5 %) at the middle ear and 1.6 mW (2 %) at the perilymphatic
space. No laser penetration was measurable through mastoid bone
(Table 1).

This study indicates that transcanal LLLT with 80 mW of
830 nm LD does not induce any side effects to ear canal skin,
drum, and cochlea [8].

LLLT on Noise-Induced Hearing Loss

One of the most common factors that cause hearing disorders is
noise trauma. Noise is an increasing hazard and it is pervasive,
which makes it difficult to take precautions and prevent noise-
induced hearing loss (NIHL). Many researches have been carried
out to find ways to restore hearing, but no definite treatment has
been established yet. The effects of lasers on hearing recovery
have been investigated, and several studies using animals reported
that LLLT using 830 nm infrared laser diode may improve
NIHL, ototoxic hearing loss, tinnitus, and vestibular dysfunction
[17, 18].

NIHL was induced by exposing rats to 116 dB noise centered
at 16 kHz for 6 h. The rats were treated with transcanal LLLT using
830 nm diode laser with 165 mW for 60 min/day (594 ] /day) for
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Fig. 2 Hearing threshold changes after repeated transcanal LLLT, 24 h after noise exposure (after the first
LLLT), the ABR thresholds were increased markedly to 50-80 dB SPL for both N (noise only) and NL (noise and
laser) ears. The hearing threshold between N and NL ears were almost the same at this time point. Signs of
change were observed after 5 days of irradiation. After the 8th to 10th irradiation, a significant difference was
found at all frequencies. After the 12th irradiation, the hearing threshold was significantly improved on the NL
ears when compared to the N ears at all five frequencies (p <0.05) (from J of Biomed Opt 17, 068002, 2012,
with permission from SPIE)

12 days. Hearing has been evaluated by auditory brainstem
response, and hair cells of cochlea were examined by SEM. The
results are shown in Figs. 2 and 3 [17]. This study indicated that
LLLT may have a positive effect on cochlear hair-cell recovery after
acute acoustic trauma. The hearing threshold became lower
(improved) after repeated laser irradiation, and the final hearing
result was significantly better than that of the untreated ears.
Considering that there is no definitive treatment for acute acoustic
trauma in humans, LLLT evolves as a new treatment modality for
noise-induced acute hearing loss once a human study is completed
with positive result [17].
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Fig. 3 Number of hair cells observed by scanning electron microscopy. The num-
ber of hair cells of the NL (noise and laser) ears was larger than that of
the N (noise only) ears and this difference was statistically significant in the
middle turn (p<0.05).The number of hair cells of the C (control) ears was signifi-
cantly larger than that of the N ears in the apical, middle, and the basal turn. The
number of hair cells of the C ears was also significantly larger than that of the NL
ears in the basal turn. But the number of hair cells of the C ear in the apical and
middle turn was similar to that of the NL ears (from J of Biomed Opt 17, 068002,
2012, with permission from SPIE)

Before LLLT is applied to human ears, we need to consider
two variations: the first one is the different penetration rate of
humans; it is thought to be lower than that of rodents [8] (Rhee
2006 spie), therefore, more power needs to be delivered to the
cochlea in humans, but without causing complications. The next
consideration is local heating; this is presumed to be the only
adverse effect [ 18]. Previous study showed that there is no damage
with laser of power 200 mW, but there may be significant damages
in human ears with irradiation of higher power than 200 mW [19].

LLLT on Tinnitus

Tinnitus is one of the most frequently encountered and the most
enigmatic ear symptoms in otolaryngology clinic. Tinnitus has
been known to develop from noise, aging, and many drugs such as
salicylates, aminoglycoside, antibiotics, quinine, and cisplatin [20].
Even though many basic and clinical researches have been con-
ducted to elucidate the mechanisms and to find ways to cure for
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decades, there is still no silver bullet for this bothersome ear
problem. Since early 1990s, LLLT has been used to treat patients
with tinnitus by several investigators. Significant reduction of tin-
nitus intensity was reported by different authors in a range of
15-80 % of patients [21-24].

A clinical study on tinnitus by transcanal LLLT applying
830 nm LD, 80.4 J/cm?, three times per week for 4 weeks, dem-
onstrated significant reductions of loudness and the degree of
annoyance, while the duration of tinnitus was not significantly
decreased in laser group. This study used VAS and tinnitus handi-
cap inventory (THI) questionnaire for evaluation that is well
accepted method to study tinnitus [8]. The results of clinical stud-
ies on tinnitus utilizing transcanal LLLT were mixed. Four previ-
ous studies reported positive result [23-26] and five studies showed
negative result [21, 22, 27-29]. An optimal dosage of the LLLT
for tinnitus or other various inner diseases needs to be established
by further studies involving patients with tinnitus and other inner
ear diseases.

Recently, phototherapy with transcanal LLLT on animal mod-
els has shown possible role of lasers in inner ear pathology [17,
30]. But, how laser irradiation is acting on inner ear hair cells and
auditory nerves after various insults is yet to be elucidated, urging
further mechanism study with animal model.

A study to quantify the effect of LLLT on the treatment of
tinnitus in animal model has been carried out studying the effect of
LLLT on salicylate-induced tinnitus in the rat model by means of
Gap Prepulse Inhibition of Acoustic Startle (GPIAS). Tinnitus was
elicited with salicylate intravenous injection daily. GPIAS was used
to monitor tinnitus perception. Rats received transcanal LLLT,
showed significantly higher GPIAS values throughout the experi-
ment, indicating transcanal LLLT reduced tinnitus perception.
The results of this study suggest that transcanal LLLT may provide
a feasible therapeutic approach to control tinnitus. This is the first
animal experiment to evaluate laser irradiation effects on tinnitus
perception [31].

Effect of LLLT on Hearing and Cochlea Hair Cell Recovery
After Ototoxic Hearing Loss

Gentamicin/furosemide-induced hearing loss animal models were
established in rats using the modified method previously described
[32]. The animals with gentamicin/furosemide-induced hearing
loss were treated with transcanal LLLT using 830 nm diode laser
at the fluence of 72 J (200 mW x 60 min) once a day for 10 days.
Only 4.32 ] (6 % of 72 ]) is expected to reach into the cochlea.
Hearing was measured with ABR, and quantitative scanning elec-
tron microscopic (SEM) observations were done by counting
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remaining hair cells. On SEM images, LLLT significantly increased
the number of hair cells in middle and basal turn of the cochlea.
Hearing was significantly improved by laser irradiation (from 57 to
44 dB). This study showed that LLLT improved gentamicin/
furosemide-induced hearing loss and recovery of damaged cochlear
hair cells. As for safety issues, transcanal LLLT in rats using the
830 nm laser irradiating 200 mW for 60 min has not induced any
side effects [30].

Effects of Transcanal LLLT on Vestibular System After Gentamicin Ototoxicity

Vestibular disorders display high prevalence and can severely impact
the daily life. Vertigo and dizziness rank among the most common
reasons for consultation and referral to specialist care [33, 34].
However, pharmacological options that would efficiently relieve
the vertigo symptoms without side effects are still lacking.

A bilateral vestibulopathy animal model using adult rats was
developed by gentamicin (GM) intravenous injection once daily
for 3 days. Bilateral vestibulopathy was confirmed by sinusoidal
oscillation tests. Transcanal LLLT was irradiated to left ear canal
for 7 days, starting 1 day post-GM injections for 3 days. The gain
of LLLT left ear was decreased in 3 days post-LLLT but the
decreased gain was improved significantly comparing to that of
control right ear, and the improved gain of LLLT left ear was much
closer to that of the pre-GM injection level. The average number
of hair cells in the cupula of the laser treated left ear was signifi-
cantly higher comparing to that of the control right ear and it was
comparable to the cupula hair cells of the pre-GM injection level.
This study demonstrated that LLLT restores vestibular dysfunc-
tion and damaged vestibular hair cells in rats post-gentamicin
ototoxicity. Transcanal LLLT may have clinical implications in the
treatment of various vestibular dystunctions [35].

A study inducing unilateral vestibulopathy by GM injection
into the middle ears of guinea pigs reported therapeutic effect of
transcanal LLLT [8]. Unilateral left vestibulopathy was induced by
injecting GM into left middle ears of both control and treated
groups. Unilateral left vestibular dysfunction was confirmed by
animal rotator in both groups. Transcanal LLLT was performed
into the left ear canals of the treated-group, while the left ear of the
control group was not treated. Unilateral vestibular dysfunction of
the LLLT treated left ear was improved significantly, while the uni-
lateral vestibular dysfunction in the left ear of the control group
was not improved.

These two studies indicate that transcanal LLL'T may be able
to treat various vestibular dysfunctions of human patients.
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Transnasal LLLT on Nasal Allergy

The number of patients with allergic rhinitis is still increasing,
especially in the well-developed, industrialized countries. Although
it is not associated with severe morbidity and mortality, allergic
rhinitis has a major effect on the quality of life. Its increasing preva-
lence, its impact on the individual quality of life and social costs
[36] and its role as a risk factor for asthma [ 37], underline the need
for improved treatment options for this disorder.

Treatments for allergic rhinitis comprise allergen avoidance,
pharmacotherapy, and immunotherapy. Although allergen avoid-
ance may be the preferred treatment, total allergen avoidance may
be an unrealistic approach, as it may require limited time spent
outdoors. Thus, pharmacotherapy is preferable to allergen avoid-
ance for symptom relief. Nonselective antihistamines can cause
sedation and potentially cause other adverse effects such as dry
mouth, dry eyes, urinary retention, constipation, and tachycardia.
Nonselective antihistamines are associated with impaired sleep,
learning, and work performance and with motor vehicle, boating,
and aviation accidents [38]. Corticosteroids are recommended as
first-line treatment for moderate/severe or persistent allergic
rhinitis [39]. Adverse local effects may include increased intraocu-
lar pressure and nasal stinging, burning, bleeding, and dryness.
Decongestants can be used only on healthy young patients for a
limited period of time.

Since conventional therapy with antiallergic medications car-
ries significant notable side effects and limitations, it would be
worth to try LLLT to treat allergic rhinitis.

LLLT reduced delayed hypersensitivity reaction to ovalbumin
in Balb/C mice in an animal study, and in a study with footpad
histopathology, levels of TNF-a (alpha), INF-y (gamma), and
IL-10 analyses between control and hypersensitized animals. This
study indicates that treatment with LLLT has an immunomodula-
tory effect on delayed hypersensitivity reaction to OVA [40].

The eftects of intranasal LLLT on allergic rhinitis are not well
established. The effects of intranasal LLLT on nasal allergy have
been studied using rat allergy models [40] and patients with aller-
gic rhinitis [42, 43].

The effect of LLLT in an experimental rat model of delayed
hypersensitivity reaction in nasal cavity has been studied. Rats
were sensitized with ovalbumin (OVA) and alum and challenged
intranasally with OVA. The nasal rubbing symptom score was
counted, spleen was emulsified, and cytokines 1L.-4, IL-5, 1L-6,
IL-10, IL-17, and IFN-y in the splenocytes were assayed. Using
830 nm LD laser, 10 mW intranasal LLLT for 15 min daily for
10 days reduced allergic symptom and suppressed systemic cyto-
kine production by splenocytes, while they were not decreased in
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no laser treated positive control group. This study demonstrated
that intranasal LLLT with 10 mW LD laser into nasal cavity
induced antiallergic effects by decreasing allergy symptoms and
systemic cytokines production in an allergic rhinitis rat model.
Intranasal LLLT with 50 mW was not effective to reduce allergy
symptoms and cytokines. Biphasic dose response was applied here.
Nasal LLLT may be considered as a potential therapeutic modality
in treating allergic rhinitis [41].

In an open study, groups of patients with severe allergic rhi-
nitis received intranasal LLLT with a 308 nm XeCl UVB excimer
laser for 2 weeks. In the low-dose group, treatment was given
twice weekly, starting with 0.25x the individual minimal ery-
thema dose (MED), whereas patients in the medium-dose group
were treated four times weekly, starting with 0.4x MED. In each
group, the dosage was gradually increased. Evaluation was based
on the symptom scores. The effect of the XeCl laser on the skin
prick test reaction was also studied. In the low-dose group, there
was no improvement in the nasal symptoms. In the medium-
dose group, the XeCl UVB irradiation significantly inhibited the
rhinorrhoea, the sneezing, the nasal obstruction, and the total
nasal score (p<0.05). The XeCl UVB excimer laser also inhib-
ited the allergen-induced skin prick test in a dose-dependent
manner. These results suggest that the XeCl UVB excimer laser
might serve as a new therapeutic tool in the treatment of allergic
rhinitis [42].

As these animal and human studies demonstrated, transnasal
LLLT appears to be effective to improve status of allergic rhinitis
without notable side effects, while most of the antiallergic medica-
tions may carry significant side effects.

LLLT on Oral Mucositis

Oral mucositis (OM) refers to erythematous and ulcerative lesions
of the oral mucosa observed in patients with cancer being treated
with chemotherapy and /or with radiation therapy to fields involv-
ing the oral cavity. OM can be very painful and can significantly
affect nutritional intake, mouth care, increase risk for local and
systemic infection, and quality of life [44, 45]. At the same time,
OM is a major dose-limiting toxicity of chemotherapy and radia-
tion therapy to the head and neck region. It was reported that 303
of 599 patients (51 %) receiving chemotherapy for solid tumors or
lymphoma developed oral and/or GI mucositis [45]. OM devel-
oped in 22 % of 1236 cycles of chemotherapy and even higher
percentage (approximately 75-80 %) of patients who receive high-
dose chemotherapy prior to hematopoietic cell transplantation
developed clinically significant OM [47]. Almost all patients
treated with radiation therapy for head and neck cancer will develop
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some degree of OM. In the recent studies, severe OM occurred in
29-66 % of all patients receiving radiation therapy for head and
neck cancer [48, 49].

Management of OM has been largely palliative to date.
Management of OM is divided into the following sections: nutri-
tional support, pain control, oral decontamination, palliation of
dry mouth, management of oral bleeding, and therapeutic inter-
ventions for OM. Several agents have been tested to reduce the
severity of, or prevent, mucositis. Conventional treatments of
OM include cryotherapy, administration of growth factors, anti-
inflammatory agents, and antioxidants [50]. LLLT has been tried
by many clinicians and investigators for preventive and therapeutic
purposes. Multiple studies have indicated that LLLT can reduce
the severity of chemotherapy and radiation-induced OM [51-53].
Studies are difficult to compare due to varying laser types and
parameters (such as wavelength and fluence). Nevertheless, success
rate of 81 % when LLLT was given as a preventive treatment, and
83 % of therapeutic success rate have been reported [53].

Previous study revealed that no heterogeneity between trials
with optimal doses for the red (630-670 nm) and the infrared
(780-830 nm) subgroups. The optimal dose ranges for red and
infrared wavelengths on OM are usually 1-8 J. The laser applica-
tions are usually performed daily, perpendicular to the lesions
intraorally. LLLT needs to be performed at least every other day
for the duration of chemoradiotherapy regimens or as long as OM
ulcers are present. The trials which aimed at the prevention of
OM started LLLT at 7 days before chemoradiotherapy regimens
[50]. The newly available blue LED has potential for the manage-
ment of OM, and research is warranted based on the known effects
of this light therapy in wound healing [54].

Although the literatures suggest that lasers with wavelengths
varying between 632 and 830 nm can have beneficial effects on
preventing and treating OM, no specific protocols that investi-
gated other parameters such as tissue fluency (energy density),
ideal time of laser application, variations in cancer type, and cancer
treatment regimens are available [55]. Extraoral application of
LED, 4 J (total 12 J/treatment) to the extraoral bilateral cheeks
and anterior throat tissues, was shown to have a significant reduc-
tion in pain but not for other mucositis scoring scales [56].

LLLT improved quality of life by reducing oral hygiene, diffi-
culty of drinking, swallowing, speaking, and secondary infection
[52,57]. LLLT appears to be effective in improving OM, in con-
trolling the intensity of mucositis, in relieving the OM related pain,
and in improving the quality of life. All the studies investigated
possible side effects, but none found side effects or adverse effects.
LLLT was well tolerated among all patients with OM [51].
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LLLT in the Management of Neck Pain

Chronic neck pain is a highly prevalent and costly condition affect-
ing 10-24 % of the population [58-60] and for which pharmaco-
logical management has limited evidence of efficacy. LLLT is
noninvasive treatment for neck pain, in which nonthermal laser
irradiation is applied to sites of pain. The presenting neck pain can
have several concurrent sources of pain from joints, muscles, and
ligaments.

Transcutaneous application results in laser-energy scattering
and spreading into a three-dimensional volume of tissue up to
5 cm for infrared laser [61]. Previous studies suggest that trigger
points in the neck coincide with the location of acupuncture points
in 70-80 % of patients [62, 63]. Since trigger points and acupunc-
ture points are characterized by tenderness, the treatment effect of
laser irradiation to tender points, trigger points, or acupuncture
points is likely to be the same. Thus, when treating neck pain with
LLLT, irradiation of known trigger points, acupuncture points,
tender points, and symptomatic zygapophyseal joints is advisable
[64]. A meta-analysis reported that at 820-830 nm, doses are most
eftective in the range of 0.8-9.0 J per point, with irradiation times
of 15-180 s. At 904 nm, doses are slightly smaller (0.8—4.2 ] per
point) with slightly longer irradiation times (100-600 s) than at
820-830 nm [64]. The optimum mean dose per point for 820-
830 nm was 5.9 ], with an irradiation time of 39.8 s, and for
904 nm, 2.2 J delivered with an irradiation time of 238 s. The
same meta-analysis reported moderate statistical evidence for effi-
cacy of LLLT in the treatment of acute and chronic neck pain in
the short and medium term [64].

This positive relieving effect was maintained for 3 months after
the treatment ended, while the effect of NSAIDs ends rapidly
when drug is discontinued [65]. Another study of LLLT on acute
neck pain with radiculopathy reported significant improvement for
intensity of arm pain and neck extension. LLLT was applied to the
skin projection at the anatomical site of the spinal segment involved
with the following parameters: 905 nm at 5000 Hz, power density
of 12 mW /cm?, and dose of 2 J/cm?, for 120 s, at whole dose of
12 J/ecm? [66]. Side effects of tiredness, nausea, and stiffness have
been reported post-LLLT [67]. LLLT does not generate any heat
and safety issue relating mainly to potential eye damage, and safety
glasses are required for the use of LLLT.

Mechanisms for LLLT-mediated pain relief are not fully under-
stood. Anti-inflammatory effects of red and infrared laser irradia-
tion have been shown by reduction in specific inflammatory
markers (prostaglandin E, interleukin 1§ (beta), TNF o in vivo and
in vitro studies in animal and man [68]. Second possible mecha-
nism is to reduce oxidative stress and skeletal muscle fatigue that
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has been reported in animal and human studies [69, 70]. Another
mechanism for LLLT effects on myofascial pain and trigger points
could be an inhibition of transmission at the neuromuscular junc-
tion [71]. Such effects could mediate the clinical finding that
LLLT decreases tenderness in trigger points within 15 min of
LLLT application [72]. LLLT studies on cervical pain compare
favorable with other widely used therapies and especially with
pharmacological interventions for which evidence is spare and side

effects are common.
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