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Abstract
Aim: The purpose of this study was to conduct a randomized, blinded, controlled clinical based
evaluation of Low Level Laser Therapy (LLLT) to determine the clinical efficiency of LLLT as initial
pain reduction therapy in TMD patients.

Methods: 29 Patients were selected by alternating within active or sham laser therapy and by application
of criteria from Research Diagnostic Criteria/Temporomandibular Dysfunction RDC/TMD questionnaire.
Each patient was treated by multiple laser devices, including 810nm 200mw, 810mw 1W and 660nm and
850nm LED 1390mw aggregate, to tender points and selected anatomic points, each for a specific clinical
effect. All subjects were treated 5 times within a 2-3 week period. Primary outcomes were measured by
the change in a 100mm self reported visual analogue scale (VAS) for pain by self report. Secondary
outcomes measured include the short-form 36 for quality of life analysis. Measurements were taken at
baseline and 1-2 weeks following treatment.

Results: The mean VAS score for active treatment improved by 36.93 from a mean of 59.46. The sham
placebo therapy improved by 10.23 from a mean of 55.7 (p<.001). Significant improvements were seen

also in the active group compared to the control in SF-36-physical scores (SF-36PCS) (p<.001) and SF-36
mental scores (SF-36 MCS) (p<.047).

Conclusion: Conclusions indicate that LLLT was successful for significantly reducing short term pain
(measured two weeks post treatment) when applying the parameters in this study to chronic TMD pain
patients.
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1.0

Introduction

The present study was conducted as a clinical investigation of the efficacy of LLLT as initial therapy in a
chronic TMD pain population derived from patients attending the Principal Investigator’s (PI) general
dental practice. The pathophysiology of chronic pain (pain lasting longer than 12 weeks) is different from
acute pain and requires a different treatment approach.1 LLLT may provide a multimodal treatment that
has been hypothesized to affect all tissues involved in chronic head and neck pain. Some investigations
have shown LLLT to be effective in reducing pain, joint inflammation, muscle spasms, and in stimulating
tissue repair. The clinical benefits of LLLT may be a temporary analgesia by neural blockade2, resolution
of inflammation3, and improved regeneration of healing tissue.3

It has been proposed that laser therapy effects are photochemical, not thermal.4 LLLT may affect all
tissues using coherent light (photons). The effect on tissue is termed photobiomodulation.5 The primary
effect of photobiomodulation (PBM) is the absorption of photons by chromophores, in particular,
cytochrome-C oxidase in the electron transport chain. As photons are absorbed in the mitochondria of
cells and cell membranes, the process yields an increase in ATP, modulation of reactive oxygen species
(ROS), release of nitric oxide (NO) and the reversible increase in cell membrane permeability to calcium
and other ion. 6-24 These effects are dependent on the redox state of the tissue. It has been proposed that
healthy tissue shows little or no effect, while cells under oxidative stress will show a better response.8 It
has also been suggested that these cellular effects are dependent on dose (energy/joules/CM2) and dose
rate effects (W/CM2).10, 25-28

1.1

Mechanism of Action for LLLT

From extensive background of laboratory data, Dyson 25-40 has divided cellular response of PBM in the
context of healing into primary and secondary responses. Primary responses include: a) photons absorbed
by cytochromes; b) singlet oxygen free radicals are generated affecting ATP synthesis and thus increasing
available energy to the cells; c) nitric oxide production; and d) a reversible increase in cell membrane
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permeability to calcium and other ions. Secondary responses include: a) DNA and RNA synthesis; b) cell
proliferation; c) growth factor release; d) collagen synthesis by fibroblasts; and e) changes in nerve
conduction and neurotransmitter release.

Primary effects: Upon irradiation, cells under oxidative stress will absorb photons through mitochondrial
and membrane chromophores producing small amounts of ROS. These molecules have been shown to
increase both the RNA and DNA synthesis rate and to act as signaling molecules between the
mitochondria, cytoplasm, and the nucleus.18 The main acceptor, cytochrome C oxidase, triggers an
increase in electron flow and also photodissociates the inhibitory NO from cytochrome C oxidase,
resulting in the production of ATP.6, 13
Secondary effects: A cascade of secondary effects follow the primary ones, including cell signaling,
exchange of calcium ions, secretion of growth factors, enzyme activation, fibroblastic stimulation,
immune suppression, and endorphin release.35 Laser irradiation has been shown to increase nitric oxide
and other growth factors (such as TGF β-2) that can stimulate angiogenesis (in both lymphatic and
capillary walls), which may allow sufficient delivery of oxygen and other nutrients that may accelerate
repair and regeneration.3 Increased fibroblasts and macrophage activity leads to more efficient clearing of
cellular debris as well as further stimulation of lymphocytes, collagen synthesis, and growth factors.34

Signaling cascades are initiated via cyclic adenosine monophosphate (cAMP) and nuclear factor kappa B
(NF-κB) by altering protein production via DNA transcription. These signal transduction pathways lead
to increased cell proliferation and migration (particularly by fibroblasts), yield a modulation in levels of
cytokines, growth factors and inflammatory mediators, and increase anti-apoptotic proteins.11 Laser
irradiation may intensify the formation of a trans-membrane electrochemical proton gradient. Increased
calcium gradient stimulates calcium influx into the cells, accelerating cell proliferation and mitosis
necessary for the repair process.24 Previous studies note an increase in urinary serotonin and endogenous
opioid release occurs with LLLT irradiation, signifying the potential for pain reduction.36,37 LLLT also
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has demonstrated a suppressive effect on afferent A delta and C nocioceptive nerve38fibers by blocking
depolarization.38

Super oxide dismutase levels increase upon irradiation of damaged cells.24 This antioxidant accelerates
the termination of the inflammatory process, contributing to the decrease in pain. Laser irradiation
decreases the release and expression of tumor necrosis factor alpha (TNF α), a local inflammatory
cytokine.39 Leukocytic activity is accelerated in a dose-dependent manner which enhances the removal of
nonviable cellular and tissue products.40 This may allow for more rapid repair and regeneration of the
damaged cells. Furthermore, the lymphocytic response is enhanced as helper T cells and suppressor T
cells are positively affected. 28

1.2

LLLT as a Therapeutic Modality

Low Level Laser Therapy (LLLT) has been used in the treatment of musculoskeletal pain and other pain
conditions for over 30 years. The effects of this low level laser light or light emitting diode on cellular
function that lead to clinical effect are non-invasive, non-ionizing and non-pharmacological. LLLT is now
widely used throughout the world as both primary and complimentary therapy and employed by many
medical specialties and subspecialties, including physical therapy, osteopathic medicine, chiropractic
medicine, dentistry, and acupuncture. The World Association for Laser Therapy (WALT) notes that the
therapy remains controversial and has not found its way into mainstream medical therapy. Evidence
continues to prove the efficacy of LLLT while there is a debate about the level of evidence for laser
therapy in musculoskeletal pain.41-45

1.3

Chronic TMD as a Musculoskeletal Syndrome

Temporomandibular Disorders continue to be an area of controversy. Studies note that approximately 515% of the US population experience TMD in their lifetime with 15% of this population developing
chronic pain.46 It has been well noted that TMD has a multifactoral etiology.49, 50 Clinical parameters
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studied have been TMJ joint dysfunction, musculoskeletal pain, and gnathological contributions.51, 52
Allostatic load and bruxism has been studied both as a causal and associated factor.51, 52 Neuroplastic
changes due to unresolved pain have been associated with chronic TMD.55-57 and cervical pain and TMD
are often comorbid symptoms.58,59 Chronic sleep deprivation is common in chronic TMD pain
populations, with sleep patterns in TMD patients is similar to insomnia patients.60

1.4

Chronic Pain as Disease, Pathogenesis

The disease model is the current approach to pain in medicine. A disease is often defined as a disorder
with a specific cause and recognizable signs and symptoms. Therefore the traditional view of pain places
it as one symptom of the primary pathology responsible for the disease. The focus and goal of the
practitioner is to identify and then treat the primary disease pathology as the cause of the pain.

Chronic persistent pain in which persistent pain itself is the disease is an emerging concept in pain
management. Chronic pain should have its own pathology, symptoms, and signs. Initial injury creates
inflammation, vascular permeability, plasma extravasations, cell migration and pain. The subsequent
release of chemokines yields a local peripheral sensitization. Repeated release of these nocioceptive due
to unresolved healing and pain begins a cascade of neuroplastic changes at the dorsal ganglion. These
lead to an increase recruitment of silent and high threshold neuroreceptors. Increased afferent
nocioception decreases the role of the ascending and descending central pain modulation systems. These
may begin to change gene transcription factors with an increase in long acting nocioceptive
neurochemicals such as glutamate, AMPA, and NMDA. These neurochemicals sensitize the nocioceptors
leading to a decrease in normal pain modulation and central sensitization. Persistent pain now becomes
the pathology with its reference field increased and pain modulation decreased. The initial insult is often
absent making a diagnosis difficult. Symptoms now may vary from inflammatory and or neuropathic.
Autonomic sympathetic modulation and mediation of the pain reference field continues to confound the
diagnosis.61, 62
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The clinician needs to focus not only on resolving initial pathology, but also to understand the
pathogenesis of unresolved healing. Without the recognition of the consequences of pain and its
secondary pain pathology, treatment will result not only in patients who remain in pain, but also in little
recognition of these co-morbid pathologies.1, 63 Satisfactory treatment depends on identification of
secondary pain pathology and application of appropriate intervention that effectively targets this disease.
Finally, the best outcomes will be obtained when those involved in the treatment of persistent pain
recognize the variety of environmental factors that may be contributing to the presence of chronic
persistent pain.52 It is noted that TMD has a low incidence, but a high prevalence due to the inability to
resolve the primary pathology in chronic TMD pain.

1.5

Proposed LLLT Protocol in Chronic TMD

Persistent Chronic TMD pain may require a global treatment regime. LLLT therapy will allow the
provider to implement a safe, noninvasive and non-pharmacological approach to all tissues involved in
healing and/or decreasing TMD pain. The sequence of therapy will provide a more effective and
efficacious outcome. The temporal property and dose rate are equally valuable to a good outcome. This
may include the following sequence of therapy, first the application of LLLT to neural targets in order to
suppress afferent peripheral noxious input to the spinal cord and trigeminal nucleus by treating the
dorsal root ganglions associated with the dermatome where pain is found as well as ganglions both rostral
and caudal to the affected dermatome.2, 64 LLLT is then placed over the skin receptor fields both locally
to pain as well as to adjacent reference fields.65-67 A broad field laser with multiple wavelengths and
power density yields different penetration depth and absorption. The clinical affects may involve all
tissues in the region it is applied. These include the autonomic ganglions in the cervical chain, blood, and
lymphatic tissue areas. Treatment of the cervical sympathetic ganglions is intended to modulate
sympathetic mediated or enhanced pain.68 Treatment of the blood has been shown to improve the
rheological properties of blood and improved immune function.69, 70 Treatment should be sequenced from
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proximal to distal. This initial therapy amounts to a pre treatment of the affected site to improve the
potential outcome.

Finally, LLLT should be placed at the painful musculoskeletal tissues associated with palpable tender
points of pain, starting with the most painful points and then the more latent areas.71, 72 Firm contact to the
tender point may initially cause discomfort. Adequate dose and time with LLLT may initiate a relaxation
of the muscle and partial analgesia of the site. Dose may vary with patient, start low and adjust till clinical
effect is noted. Repeated therapies within a period of time will have a summative effect that may lead to
a long term suppression of noxious afferent load.73 This is hypothesized to allow for a genetic down
regulation of signal mechanisms leading a long term resolution of pain.74, 65, 66, 75

1.6

LLLT Lasers and Parameters

The most common wavelengths used in LLLT are in the infrared spectrum (600-1000 nm). Melanin,
hemoglobin and water affect transmitted light due to selective absorption of different wavelengths.
Transmission is also influenced by the power (watts) of the laser and in turn, pulsation is often necessary
to prevent heat-induced injury with some class 3b and class 4 lasers. Power density is the measure of the
affective dosage to the intended treatment area. Wavelengths have different effects on tissue due to the
rate of absorption with differences in penetration. The most common wavelengths studied are 635, 660,
780, 810-830, 904 and 1060. Each has particular absorption, cellular effect and suggested dosage rate
requirements for optimum effect.41, 76, 77

Analysis of present clinical efficacy studies for LLLT with TMD shows the researchers tend to use a
single wavelength and treatment method to measure outcome.78-81 However, in clinical practice, LLLT is
used in multiple wavelengths, power densities and varied frequencies. The laser is applied at multiple
sites each with its own clinical intent and sequenced in order to provide optimal affect. Some clinical laser
equipment is preprogrammed for specific diagnosis and will run the parameters with variations based on

6

difference in site and pathology diagnosed. It also has been proposed that the effectiveness of these lasers
may be linked directly with proper diagnosis and modification of treatment to the individual patient.
Hence, a single type of laser may not be appropriate for all pain conditions, even within a TMD
population.

Since 2000, there have been six randomized controlled trials. All suffered from various methodological
failings. These failings include possible inadequate dosing with random dosing and application, poor
blinding, and unclear diagnostic criteria, i.e., failure to use the Research Diagnostic Criterion for
Temporomandibular Disorders. In contrast to the typical application within a clinical setting, investigators
employed narrow treatment protocols with single sites. Five studies used only a single wavelength, a
factor uncommon in clinical practice. Table 1, on the following page, outlines these investigations.

7

Table 1: Summary of Prior Low Level Laser Therapy Investigations*
* The table reviews investigations after the year 2007, as earlier investigations often show methodological failings and used inadequate dosing.
Author

Paper Title

Laser Used

Methods Used

Measured
Parameters

Outcome

Comment

Mazzetto, 2007
refence 104

LLLT application in
TMD phase 1 double
blind study

780nm 70mw 89.7j/cm
continuous mode 2/week
for 4 weeks, identical
sham probe for blind

Acupuncture probe via
external auditory canal
to retrodiscal region of
TMJ - continuous mode

VAS and palpation TMJ
pain measured 4x
beginning 4th session,
8th session & 30 days
post final session

Positive for all
measures best
effect after 8th
session

Pathology limited to
TMJ inflammation
with reduction of disc

Carrasco,
Mazzetto, 2008
Reference 78

LLLT in TMD
( phase 2 double blind
study)

780nm 70mw 105j/cm
continuous mode 2/week
for 4weeks identical
sham probe for blind

Points of application –
5 points surrounding
TMJ

VAS via palpation of
treatment points and
chewing efficiency

Positive for VAS
but not for
chewing
efficiency

Small study limited
pathology treated

Emshoff, 2008
Reference 103

LLLT for TMD pain
(double blind placebo
controlled study)

632nm 30mw 1.5j/cm
continuous 2/week for 8
weeks identical sham
probe

Applied to single point
1cm in front of tragus

VAS by palpation

Negative: No
difference
between active
and sham

Wide range of
pathology (referred
pain to site,
insufficient dose &
treatment regime)

Cetiner, 2006
Reference 79

Evaluation of LLLT
in treatment of TMD

830nm 7j/cm
continuous 10 sessions
daily for 2 weeks sham
probe for blinding

Applied in direct
contact to tender points
determined by
palpation

VAS via muscle
palpation before
treatment, immediately
after, & 30 days post
treatment

Positive for all
measures
statistical sig.

Small study 10
sessions daily treating
myogenous pain only

Fikackova, 2007
Reference 80

Effectiveness of
LLLT in TMJ
disorders a placebo
controlled study

830nm 400mw at 10j/cm
or 15j/cm continuous 10
sessions within a month
direct contact

Applied to tender point
and external meatus
and 2cm before tragus

VAS for improvement of
TMD pain via palpation
and questionnaire

Positive for all
measures in both
treatment dosage

Treated acute &
chronic pain
(exception to ADD/o
reduction)

Carvalho,
2010
Reference 102

Wavelength effect in
temporomandibular
joint pain, a clinical
experience

780-830nm. And 660nm
30mw in combination 3
sessions per week 140j
total

Applied to tender
points in direct contact

VAS measurement by
palpation

VAS scores self
report showed sig.
improvement after
12 therapies

Clinical study for all
TMD pathology using
multiple laser
wavelength
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2.0

Materials and Methods Design

The experimental design was a randomized, blinded, controlled investigation employing an active
treatment condition, and a second sham/placebo controlled condition. This is contrasted to earlier
investigations where treatment targets were limited to isolated areas. Based on the principal investigators
personal experience this model is consistent with typical care provided in the clinical setting.

2.1

Subjects

29 males and females between ages 27 and 80 with TMD pain present for longer than 6 months. Subjects
were solicited from the PI’s dental group practice. Clinical findings included reversible and nonreversible
internal derangement of the TMJ, TMJ arthrosis and/or arthritis and Myogenous TMD All subjects
underwent the Research Diagnostic Criterion RDC/TMD assessment instrument, Axis I and II.82-85
Subjects were not paid for their participation and were not charged for the treatments noted above.

2.2

Exclusion Criteria

Exclusions include:
•

History of TMD Pain < 6 months

•

Treated by dental orthotics less than 2 weeks
The possibility or presence of pregnancy

•

Undergoing current treatment with orthodontics or prosthetics

•

History of facial neuropathic pain conditions, e.g.., trigeminal neuralgia

•

Neurologic conditions impacting on the facial nerves, e.g. Bells Palsy

•

Steroid therapy and use of Cox2/NSAIDS during laser treatment

•

Inability to understand the informed consent or instructions.

Patients underwent an initial examination and data collection, including a history of chief complaint(s),
medical history, and dental history. The standard clinical examination included full mouth x-rays and
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panoramic, a standard of care in dental practice. The Research Diagnostic Criteria examination and
assessment was employed with all patients. Patients who entered into this practice are routinely treated
within the practice with occlusal appliances and other standard-of-care interventions common within a
typical TMD subspecialty practice. There was no effort to alter or disrupt the patient’s ongoing treatment.

2.3

Randomization and Blinding

The research design is a randomized, blind investigation with repeated measures pre and post treatment
sessions. Patients were selected to active treatment or control by blindly selecting a number from 1-30.
Even numbers were placed in group A, odd numbers in group B. There was no difference in the digital
display or light emitted from the active or sham lasers, nor were there sounds produced. The one blinding
difficulty was the heat generated from the 810nm. 1 W after a period of operation, since the patient had
no previous experience with therapeutic laser it was explained that this would happen due to the guide
lights and was common to both treatment and sham laser .On all occasions clinician and patient wore
protective glasses for the 810nm laser.. Ten patients 5 active and 5 sham were asked on random
occasions if they received the active or sham laser 80% of the time the patient felt they received the active
therapy. .

2.4

Laser Devices and Parameters

The THOR® laser system was selected as the laser of choice for the treatment protocol, given its high
penetration within the clinical market. The active treatment arm uses both coherent laser and
monochromatic LED light. There are three types of active lasers being used in this investigation
including, A) 810 NM 200 mw; B) aggregate of 810 NM equivalent to 1 WATT and; C) aggregate of
LEDs, 34 X 660nm at 10 mw and 35 850nm, 30mw 1390mw total. As detailed in Table 2, on the
following page, these 3 lasers are typically used in concert for treatment of pain conditions. Laser A
(Single Diode Laser) is designed for isolated trigger point and superficial muscles. Laser B (Cluster
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Laser) is designed for a more diffuse treatment area. Laser C (LED Cluster) is purportedly designed for
presence of diffuse inflammation.

Table 2: Laser Devices and Parameters
Device
Laser A: 810nm 200mw
single
Laser B: 810nm 1W
aggregate
Laser C: 660nm (10mw x 34)
aggregate 850nm (30 mw x
35) LED

Dose and Dose Rate
6-12 Joules (J) continuous, firm
contact
6-12J continuous, firm contact
6-20J, 20Hz firm contact

Treatment Intent
Tender points, superficial
Broad muscle, neural blockade of
ganglions, 3-5cm depth
Broad intent: Blood, lymphatic
areas and superficial neural
targets

These clinical lasers vary with respect to their depth of penetration and field size. The comparison
condition employed additional lasers identical to the above in appearance, with a light display identical to
the active lasers. The visible red guide light functioned in both the active laser and sham device. The
sham laser did not have the invisible infrared therapeutic activated. The patient was not be able to visually
determine the difference between the active and sham device. Sham and Active Treatment Lasers were
supplied by THOR® and were evaluated to assess their believability or credibility by asking a series of
clinicians to attempt to differentiate these from the active lasers. The current clinical standard suggests
application of laser treatment by use of multiple devices, each having a specific proposed clinical effect.
Guidelines are not well defined and are often dependent on assumed medical knowledge and individual
patient requirements. They are often used in conjunction with other physiotherapy modalities, further
confounding analyses.86-92 In this study no additional therapies from other care givers were allowed
during the course of the trial.

Dose standards are elucidated by the World Association of Laser Therapy (WALT), a clinical and
academic organization which promulgates clinical standards for care.41, 43, 76, 77, 93, 94 WALT has proposed
that acute inflammation may be treated immediately and frequently with irradiation local to site of injury
and reduced frequency and dose as inflammation resolves. The current clinical literature-guided
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application of the lasers for this subjection chronic population is to begin with a larger dose with multiple
treatments within a designated period. Safety is dependent on the strength and dose rate of the laser.
Lasers are categorized by classes (1-4) based on hazard. Only Class 3a and 3b lasers are capable of
producing eye damage if a patient or operator would intentionally view the laser. Class 4 lasers are
capable of damage to the eye and skin due to heat. The THOR® lasers, as proposed in this study are all
class 3a and 3b lasers. Adverse reactions were explained to the patient and operators with direct
irradiation of the eyes. Proper protective eyewear that absorbs the damaging radiation was worn by staff
as well as by patient during both active and sham therapy.

2.5

Treatment Protocol

Treatment target areas for pretreatment were predetermined, according to the clinical intent. These
include the spinous process of C2-C6, face from tragus to zygoma and inferior border of mandible,
anterior aspect of the neck from inferior aspect of the mandible to the first rib and sternum. Muscle tender
points areas were prescribed and confirmed by palpation. These areas include bilaterally submandibular
and paramandibular areas, TMJ capsule (posterior, lateral pole and anterior), the masseter (deep and
superficial), temporalis (coronoid process), internal and lateral pterygoids via intraoral palpation the
sternocleidomastoid (upper and middle) the sub-occipital muscles, trapezius (upper), levator scapulae,
and cervical muscle superficial to the zygapophyseal joints from C2-C6 bilateraly by palpation 44
points/areas were treated.
VAS scores were administered pre and post treatment for all patients by a self report form. VAS scores
were hidden from the laser operator. These questionnaires were given at two points in the study , at
baseline and post treatment.

2.6

Characteristics of the Study Group
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21 women and 8 men participated in the study. The mean age was 47.4, the mean VAS-b was 57.6 and
the mean RDC-CPI was 55.6. The mean VAS-before was 59.4 for the active group and 55.8 for the
control.
Table 3: Characteristics of the Study Group – Baseline
Laser A (active) mean
Laser B (placebo) mean
N
15
14
Age
46.6 (SD+ 14.21)
48.3 (SD 10.83)
Sex
F
12
9
M
3
5
CPI
56.3 (SD 14.17)
54.95 (SD 13.96)
VAS
59.46 (SD11.21)
55.57 (SD 14.80)
VAS = Visual Analogue Scale; CPI=Characteristic Pain Index (average of values for questions 7, 8, 9 in
RDC/TMD)
Demographic data was collected for age, gender, education, income, marital status and CPI
(Characteristic Pain Index from RDC/TMD). Randomization was good for all categories at baseline.
There were no significant differences at baseline between the active and sham groups with regard to age,
gender, and CPI. All parameters were normally distributed as illustrates in Tables 4-6 below.

Table 4: Demographic Data – Education
Frequency
Valid
12
18
16
9
18
1
20
1
29
Total
Table 5: Demographic Data – Marital Status
Frequency
Valid
0
23
1
3
2
3
29
Total
0=married; 1=single; 2= divorced

Table 6: Demographic Data - Income
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Sham
9
3
1
1
14

Active Therapy
9
6
0
0
15

Sham
11
1
2
14

Active Therapy
12
2
1
15

Frequency
1
5
8
15
29
Total
1< 15000; 3< 35000; 4< 45000; 5>50000
Valid

2.7

Sham
0
2
5
7
14

1
3
4
5

Active Therapy
1
3
3
8
15

Dropouts

There was one dropout from the study as a patient felt the therapy may have caused a headache posttreatment. This dropout was reported to the IRB. The patient was made aware that there may be an
increase in muscle pain following the initial therapy. The headache resolved and the patient requested to
be released from the study. No further problems were noted and a follow-up conversation with the patient
noted that there were no further symptoms.

2.8

Outcome Measures

Primary outcome measures included self-report of recent (within a week) average daily pain by patient
via a visual analogue scale (VAS). The scale is a 0-100 mm horizontal scale with 0 being no pain and 100
being the worst pain imaginable. VAS scores were taken at baseline and at 1-2 weeks following active
treatment. The VAS scale is a common measure to evaluate musculoskeletal pain.80, 91, 92 SF-36 provides a
global assessment of well being.93-95 RDC/TMD format, Axis I and II provide a reliable measure of
diagnosis for TMD and RDC/TMD has shown good to strong multicenter reliability for clinical measures
and assessment of chronic pain.82, 83, 85

A secondary measure of quality of life using the Short-Form 36 was used for analysis at baseline and 1-2
weeks following treatment. SF-36 is divided into two main aggregates, the Physical Component Summary
(PCS) and the Mental Component Summary (MCS). To assess any change in health status or adverse
reactions, patients are asked prior to each treatment about any changes in their health.

Figures 1, 2, and 3: Treatment points (treated bilaterally)
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Figure 1: Treatment Targets 1

Figure 2: Treatment Targets 2

Figure 3: Treatment Targets 3
810nm 200nm
810 nm 1W aggregate
LED Cluster 1390mw

An additional treatment area in the front of the neck was added to the protocol to improve efficacy. This
provided a small additional laser therapy <3%. The addition of marks on the neck only denotes intention
of treatment, but not additional therapy. IRB was notified of this change. The original protocol discussed
the use of photographs as the means of continuity of therapy, but with testing it became difficult for the
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therapist to accurately repeat the areas and we decided to use a pen mark on the patient to note treatment
areas for better accuracy to tender points.

2.9

Study Flow
1. Prior to treatment: Screening Evaluation, including Research Diagnostic Criteria Interview (30
minutes).
Informed Consent (15 Minutes)
2.

Treatment: Baseline VAS by self report via Question #1 (On average, how was your pain this
past week on a scale from 0-100 with 0 being no pain and 100 being the worse pain imaginable).
Pre-Treatment Assessment: SF-36.
Visits 1-5: (45 Minutes each) (see protocol below)
3. Post treatment: Visit 6: (45 Minutes). One to two weeks past post treatment day #5, VAS score

taken by self report via the same Question #1 as recorded the first treatment day.
Post Treatment Assessment RDC and SF-36 Questionnaire given to patient. No laser treatment
given during Visit 6.

Active Treatment Protocol for each of visits 1-5 over 17 days
1. A VAS baseline overall pain rating is conducted via self report by patient Question #1 ( first
appointment only) SF-36 questionnaire given All scores are hidden by the clinician until end of
therapy #5.
2. The experimenter identifies the pre-selected areas for LLLT, and marks those with a color coded
pen. Each spot is selected based upon palpation by the experimenter/clinician, but within the
ascribed range and clinical intent. (See Figures 1, 2 and 3 on page 15)
3. The experimenter leaves the room
4. Clinical assistant selects laser set from box A or B, based upon random assignment.
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5. The clinical assistant or clinician administers the treatment according to 44 data points based
upon anatomical location pre-selected by the experimenter/clinician. (See Figures 1, 2, and 3 on
page 15)
6. Patient is dismissed

All patients receive the same protocol of treatment areas in the head and neck (See Figures 1, 2 and 3 on
page 15). Each laser dose is administered based upon current recommendations of the manufacturer and
confirmed by clinical standards set by WALT.

Full Timeline
Data Collection: 6-9 months
Total Timeline: 16-20 months

2.10

Data Analysis

It was hypothesized that the treatment group would exhibit greater improvement than the control group
79.5% of the time. A sample size of 15 per group would provide 80% power for a Type I error rate of 5%
(nQuery Advisor Version 7.0). The mean VAS scale, as well as the mean scores for the SF36 (MCS) and
SF36 (PCS) before and after treatment, was analyzed by the Two Sample t-test due to the normality of
distribution of data. VAS was used as a measure of pain intensity. For further analysis, the before and
after treatment groups were divided into 5 categories: 0-20 = none to mild; 20-40 = mild to moderate; 4060 = moderate; 60-80 = moderate to severe; and 80-100 = severe. In addition a comparative analysis of
overall change in each group was complete using a measure of VAS change from baseline to post
treatment evaluation by dividing 5 ordinal measures: Greatly improved(-50), moderately improved( -50 to
-30), slightly improved (-30 to-10), no improvement (-10 to 10 ), worse >10.

3.0

Results
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The following sections outline the results of the study. We hypothesized that LLLT used as initial therapy
would significantly reduce pain in patients with chronic TMD. This study indicates that our hypothesis
was correct, and that the use of the LLLT at the parameters evaluated did reduce pain to meet our primary
and secondary outcomes.

3.1

Primary and Secondary Outcome Measures
VAS
The mean improvement between group in the VAS was significantly greater in the treatment
group compared to the sham therapy group (-36.9 compared to -10.2,) between group difference
of (-26.7, p<.001). Within group measures were also statistically significant for VAS{ ( treatment
.0 sig(2 tailed)} and { sham .0 (2 tailed )}

SF-36
There were significant between improvements in the SF-36 PCS (p< .001) and SF-36 MCS (p<
.047) in the treatment group as compared to the sham group. Within group measures were sig for
treatment group in the (PCS) {.0 ( 2 tailed)} but not for the (MSC) {.079 (2 tailed)} the within
group measure for the Sham was not sig. for either (PCS) {.078 (2 tailed )} or the (MCS) {.276 (2
tailed)}.

Table 7: Primary and Secondary Outcomes Between Group Measures – Baseline to 5-6 weeks
(A=Active; B=Sham)
Outcome
Mean within group difference in outcome
Between group difference in p value
Measures
measures from baseline to 5-6 weeks
means (95% CI)
Laser A mean
Laser B mean
VAS
-36.93 (SD ±11.47)
-10.21 (SD ±8.18)
-26.72 (-34.36 to -19.07)
p<.001
SF-36
Laser B – LaserA
PCS
6.41(SD ±4.36)
-.6571 (SD ±1.28)
-5.75 (-8.24 to -3.26)
p<.001
MCS
2.64(SD ±1.39)
-.4857(SD ±1.60)
3.12(6.12 to -.041)
p<.047
VAS = Visual Analogue Scale; SF-36 = Short-Form 36; PCS = Physical Component Score; MCS =
Mental Component Score
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Table 8: Primary and Secondary Outcome Statistics 1
Paired Differences within
95% Confidence Interval of
Sham Group
the Difference
Mean
Std. Deviation
Lower
Upper
Pair 1
VASb
10.21429
8.18233
5.48995
14.93862
VASa
Pair 2
PCSb
-0.65714
1.28585
-1.39957
0.08528
PCSa
Pair 3 MCSb
0.48571
1.59945
-0.43778
1.40921
MCSa
a. Treatment = .00
Table 9: Primary and Secondary Outcome Statistics 2
Paired Differences within
95% Confidence Interval of
Sham Group
the Difference
Mean
Std. Deviation
Lower
Upper
Pair 1
VASb
36.93333
11.47336
30.5796
43.28707
VASa
Pair 2
PCSb
-6.41333
4.36297
-8.82947
-3.9972
PCSa
Pair 3
MCSb
-2.64
5.40209
-5.63158
0.35158
MCSa
a. Treatment = .00

Sig. (2-tailed)
0
0.078
0.276

Sig. (2-tailed)
0
0
0.079

Chart 1: Overall Change in Pain Categories in Laser and Placebo Groups
Change in VAS: Baseline to 1-2 weeks post treatment

90%
80%

Laser

79%

Placebo

70%
60%
46%

50%

34%

40%
30%

21%

20%

20%
10%
0%
Greatly Improved (-50 and greater)

4.0

Moderately Improved (-50 to -30)

Slightly Improved (-30 to -10)

No Improvement (-10 to 10)

Discussion

This study showed statistically significant improvement in VAS within both groups with the active
therapy much greater than the sham.Tthis may be do to a number of confounding factors. First the
patients were very familiar with the Investigator and had been patients of record for years and decades.
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There was a sense of trust such that 80% of both groups felt they received active therapy. This may have
factored in as placebo as in the patients may be unlikely to report adverse results. Secondly the lasers
were applied with a firm pressure to tender points in all therapy. The clinical technque is used so as to
displace blood in order to decrease absorption of photon by hemoglobin and to decrease the distance
between laser and treatment site in order to improve laser power density leading to clinical affect. The
placement of the laser to these tender points with firm pressure resembles various manual therapy
treatment techniques that have been proposed when treating myofascial pain including deep soft tissue
pressure; strain counter strain, dry needling, and stretching. However, a systematic review of manual
therapy techniques for treatment of myofascial trigger points yielded mixed results.” The hypothesis that
manual therapies have specific efficacy, beyond placebo, in the management of MPS is neither supported
nor refuted by research to date."105, 106 It may be debated that this pressure on tender points may include
manual therapy , the difference in active and sham must be considered to be the affect of Laser
Irradiation.
The value of this study is that it is a clinical evaluation with patients that are seen through the course of
daily care. Unlike other prior TMD studies, this study was exclusive to chronic pain patients. The study
expanded treatment areas and intent in order to provide a more global systemic therapy consistent to
clinical practice. Further the protocol was intended to improve efficacy; therefore treatment times were
fewer, only 5 versus 10-14 in other studies making it more practical to patient care.
Chronic head and neck pain is a complex syndrome with patients often seeing multiple therapists, each
diagnosing and treating according to their individual training. Patients will usually note multiple
diagnostic conclusions with multiple comorbid symptoms. This study, unlike other LLLT TMD studies,
had little exclusion and was more characteristic of a common General Practice care. In other TMD
studies, the VAS scores were taken via palpation of only a single anatomic site. Though this may be a
good measure for isolated sites, it is not common in chronic TMD where the pain is often bilateral and
diffuse about the head and neck. Nor were there evaluation of quality of life SF-36 either physical (PCS)
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or mental (MCS) following therapy. This studies outcomes meant to measure the overall well being of the
patient by asking the patient to self report the change in pain perception as well as changes in physical
(PCS) and mental (MCS) status. This open question may provides a good measure of the overall
improvements in pain perception of the head and neck region and change in well being.

Chart 2: Change in VAS (0-100 pts.): Baseline to 1-2 weeks Post Treatment

Pain Level (0-100 pts.)
None to Mild - (0-20)

60%

Mild to Moderate (20-40

53%

Moderate 40-60

53%

50%

47%

50%

Moderate to Sev ere 60-80

40%

50%

36%

40%

36%

30%
20%
10%

14%

14%

7%

0%
Baseline

1-2 weeks post treatment
Laser

Baseline

1-2 weeks post treatment
Placebo

As noted by Roberta Chow in her 2004 study on neck pain 73 from which this study was expanded to
TMD pain,
” clinical exam alone may not initially identify the cause of head and neck pain. The central principal
in the treatment of chronic pain is to first treat pain in order to decrease afferent neural load. This may
decrease the effects of neural windup and central mediated hypersensitivity by neural blockade”
. Then, treat inflammation by reducing oxidative stress in the functional biosystem and improving the
circulation and rheological properties of blood and lymphatic areas. This may be hypothesized as a
pretreatment prior to the more active therapy of tender painful musculoskeletal points. Chronic pain may
need to become acute to reinitiate the normal primary healing process, proving a more favorable
atmosphere for the affects of PBM by reinitiating primary healing. This may begin with the firm
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application of the laser to tender muscle or inflamed joints. Reducing muscle spasm and tender
musculoskeletal points will improve joint and muscle mobility with improved neuromuscular recruitment.
Lastly, stimulating tissue with low doses of LLLT to improve the redox state of the diseased areas may
lead to improved bioefficiency and prolonged cellular and biosystem homeostasis.
.” LLLT photobiomodulation has shown sanogenetic properties yielding changes in the homeostasis of
cells in biosysytems that activate protective responses and neogenesis”.100

The affects of LLLT may be subtle, summative, and temporal, allowing the clinician a means to evaluate
the changes in symptoms as treatment proceeds. This may help the clinician by a systematic elimination
of symptoms, leading to a diagnosis. Invasive treatment such as surgery, systemic medication, and
orthotics can overwhelm the patient’s compromised healing process and create an additional pathology or
stress to the biosystem affected. This may lead to symptoms that may delay diagnosis and subsequently
healing. LLLT is a progressive, cumulative physiotherapy therapy that may not be immediately effective
in the presence of acute pain, nor may it provide the means to change pathokinematic movement that
leads to resolution of pain. LLLT can be used as a monotherapy or as an adjunctive supportive
physiotherapy. The astute clinician will recognize the appropriate time to intervene with supportive
complimentary care as noted above.

4.1

Limitations of the Study

The study will need to be repeated with a larger number of patients and investigators. The effect of the
treatment was only studied over a short period, a follow up at 3, 6 and 12 months would provide better
validity for use of LLLT as a first order therapy. The study would benefit by including clinical measure of
frequent TMD co-morbid symptoms such as cervical pain, headache, and migraine and sleep disturbance.
Blinding is a continuing problem due to heat generated by the laser after continued operation. Since the
experimenter was admittedly aware of the experimental condition, the role of experimenter bias cannot
be discounted as a major contributor to the positive outcome. Other confounding factors include the heat
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effect from increased absorption by hair and tattoos. In this study, the patients had no prior reference to
other laser therapy and they were warned that the laser may have some heat, while it is argued that this
heat is unrelated to the therapeutic effect of the laser. Others may disagree, as the application of heat has
been shown to have therapeutic effect with chronic pain.
Discussions with manufactures note that they are now designing sham lasers that have heat similar to the
active laser.
Finaly, while it could be argued that the study did not specifically target a small number of consistent
points. This study was aimed at a real life clinical model to look at the effectiveness of lasers used in daily
practice in a private TMD patient care setting.

5.0

Conclusion

This study tends to support LLT as an efficacious, initial therapy for chronic TMD pain. Multiple
mechanisms of action enable the treatment of the broad spectrum of clinical pathology associated with
chronic pain disorders, while the mechanisms for effect are not illucidated by this investigation. It is
interesting to note that the only study similar to this study done with neck pain. 73 showed very similar
results . LLLT can be used as a monotherapy or adjunctive physiotherapy, possibly providing the
therapist with a unique treatment option that may not be found in other therapeutic modalities. Continued
research will provide the means for acceptance in mainstream medical care.
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Appendices
Appendix 1: Demographic Data

Question 7: Sham Group
Pre
Valid
1
2
3
Total
a. Treatment = .00

Post

Frequency

Percent

Frequency

Percent

3

21.4

4

28.6

5
6
14

35.7
42.9
100

9
1
14

64.3
7.1
100

Frequency

Percent

Frequency

Percent

4

28.6

4

28.6

8
1
1
14

57.1
7.1
7.1
100

8
1
1
14

57.1
7.1
7.1
100

Question 8: Sham Group
Pre
Valid
0
1
2
3
Total
a. Treatment = .00

Post

Question 7: Active Therapy Group
Pre
Valid

Post

Frequency
0

Percent
0
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Frequency
5

Percent
33.3

0
1
2
2
3
Total
a. Treatment = .00

2
5
7
1
15

13.3
33.3
46.7
6.7
100

8
2
0
0
15

53.3
13.3
0
0
100

Frequency

Percent

Frequency

Percent

2

13.3

7

46.7

8
3
2
15

53.3
20
13.3
100

7
1
0
15

46.7
6.7
0
100

Question 8: Active Therapy Group
Pre
Valid
0
1
2
3
Total
a. Treatment = .00

Post

Appendix 2: Descriptive Statistics
Descriptive Statistics: Sham Group Questions 7 and 8

SF-36 Item 7 Pre
SF-36 Item 8 Pre
SF-36 Item 7 Post
SF-36 Item 8 Post
SF-36 Item 7 Pre Minus Post
SF-36 Item 8 Pre Minus Post
a. Treatment = .00

N

Minimum

Maximum

Mean

14
14
14
14
14
14

1
0
1
0
0
-1

3
3
3
3
1
1

2.2143
0.9286
1.7857
0.9286
0.4286
0

Std.
Deviation
0.80178
0.82874
0.57893
0.82874
0.51355
0.39223

P Value

0.014
1

Descriptive Statistics: SF-36 Questions 7 and 8

SF-36 Item 7 Pre
SF-36 Item 8 Pre
SF-36 Item 7 Post
SF-36 Item 8 Post
SF-36 Item 7 Pre Minus Post
SF-36 Item 8 Pre Minus Post
a. Treatment = .00

N

Minimum

Maximum

Mean

15
15
15
15
15
15

1
0
0
0
0
0

4
3
2
2
3
3

2.4667
1.3333
0.8
0.6
1.6667
0.7333

Descriptive Statistics 2: SF-36 Questions 7 and 8
P Value
SF-36 Item 7
SF-36 Item 8

0.000
0.009
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Std.
Deviation
0.83381
0.89974
0.67612
0.63246
0.8165
0.79881

P Value

0.001
0.004

37

