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Abstract
A randomized, double-blind, placebo-controlled study of low-level laser therapy (LLLT) in 90 subjects with chronic neck pain
was conducted with the aim of determining the efficacy of 300 mW, 830 nm laser in the management of chronic neck pain. Subjects
were randomized to receive a course of 14 treatments over 7 weeks with either active or sham laser to tender areas in the neck. The
primary outcome measure was change in a 10 cm Visual Analogue Scale (VAS) for pain. Secondary outcome measures·included
Short-Form 36 Quality-of-Life questionnaire (SF-36), Northwick Park Neck Pain Questionnaire (NPNQ), Neck Pain and Disability
Scale (NPAD), the McGill Pain Questionnaire (MPQ) and Self-Assessed Improvement (SAl) in pain measured by VAS. Measure
ments were taken at baseline, at the end of 7 weeks' treatment and 12 weeks from baseline. The mean VAS pain scores improved by
::'.7 in the treated group and worsened by 0.3 in the control group (difference 3.0, 95% CI 3.8-2.1). Significant improvements were
seen in the active group compared to placebo for SF-36-Physical Score (SF36 PCS), NPNQ, NPAD, MPQVAS and SAL The results
of the SF-36 - Mental Score (SF36 MCS) and other MPQ component scores (afierent and sensory) did not differ significantly
bern'een the two groups. Low-level laser therapy (LLLT), at the parameters used in this study, was efficacious in providing pain
relief for patients with chronic neck pain over a period of 3 months.
;; 2006 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Ki.n.-ords: Neck pain; GaAlAs; 830 nm; Low-level laser therapy (LLLT); RCT

L Introduction

has been estimated to be $US686 million in 1996
(Borghouts et aI., 1999a). Between 8.8% and 11.9% of
all general practitioner consultations are for neck pain
(Andersson et aL, 1999). Standard general practitioner
initiated treatment includes simple analgesics, anti-in
flammatory medication, rest or physical therapy
(Borghouts et aL, 1999b; Korthals-de Bos et al., 2003).
Non-invasive techniques of treatment for neck pain
lack a strong evidence base (Aker et al., 1996; Hoving
et al., 2001). The lack of effectiveness of usual approach
es is further highlighted by the fact that complementary
therapies are used by patients with neck pain more often
than conventional therapy (Wolsko et al., 2003) .
In the majority of patients there is no readily demon
strable anatomical source of the neck pain, so treatment

Despite receiving less attention than low back pain,
neck pain is a highly prevalent condition, with cross-sec
tional studies reporting that 10-24% of the popUlation
are troubled by neck pain at anyone time (Borghouts
et al., 1998; Cote et aI., 1998; Picavet and Schouten,
2003; Webb et al., 2003). Such common morbidity
incurs significant economic costs to the community
and reduced quality of life to the individual. In the
~etherlands, the total cost of neck pain management
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is necessarily pragmatic (Barnsley, 2003). A safe, conve
nient, readily available treatment for chronic neck pain
would be a useful addition to an otherwise limited arma
mentarium. Low-level laser therapy (LLLT) is a poten
tial candidate for this role.
LLLT has been used for the treatment of a broad spec
trum of conditions particularly in Europe (Moore, 1989;
Baxter et al., 1991; Cam bier and Vanderstraeten, 1997)
and Japan (Ohshiro, 2001). A meta-analysis (Enwemeka
et aI., 2004) and systematic review of the literature
(Bjordal et aI., 2003) provide evidence of efficacy for
LLLT in a range of painful conditions. Neck pain has
been the subject of investigation in 21 randomized
controlled trials identified through a systematic review
of the literature; the earliest from 1981 to the most recent
in 2004 (Chow and Barnsley, 2005). Seventeen studies
reported the use of infrared wavelengths (;t = 780,
820-830, 904 nm) and 12 demonstrated positive out
comes. Interpretation of the generally positive findings
was limited by small sample sizes, heterogeneous laser
parameters and a diverse range of treatment protocols.
Moreover, the lack ofa single, plausible mechanism for
the pain-modulating effects oflaser has led to skepticism
about outcomes of trials, even when outcomes are posi
tive. Exploration of neurally based mechanisms (Baxter
et aI., 1994; Kasai et aI., 1996; Gabel, 1997; Navratil
and Dylevsky, 1997; Chow and Armati, 2004) and anti
inflammatory activity (Lopes-Martins et a!., 2005;
Bjordal et aI., 2006) are two parallel streams of current
research, to further elucidate mechanisms of laser action.
Notwithstanding these limitations, there was a clear
need for larger, methodologically sound studies to
further clarify findings.
We aimed to determine the efficacy of LLLT for neck
pain in an appropriately designed and powered study.
The null hypothesis was that LLLT would not provide
a clinically or statistically significant benefit over
placebo for patients with chronic neck pain.
2. Subjects and methods

2.1. Ethical approval

The Sydney University Human Ethics Committee approved
all aspects of the study. Informed consent was obtained from
all participants prior to commencing the trial.

3 months duration (Merskey and Bogduk, 1994»; were able to
attend a full course of 14 treatments given twice a week; were
able to understand the nature of the trial and were naIve to
treatment with LLLT (except laser acupuncture).
Patients were excluded if they had an injury in which litiga
tion or compensation was still current; had abnormal neuro
logical signs in the upper limbs relating to nerve entrapment
or impingement from the cervical spine; were unable to discon
tinue temporarily any activity which exacerbated the pain;
were pregnant; had previous surgery to the cervical spine; suf
fered from other systemic rheumatological disease such as
rheumatoid arthritis; suffered from neck pain which was part
of a widespread pain syndrome involving other areas; had
known photosensitivity or had other illnesses unrelated to neck
pain which precluded involvement for practical reasons e.g.
impending surgery.
Recruitment to the trial was conducted by placing posters
in the waiting room of the medical centre where the trial was
to be conducted. A series of advertisements was also placed
in the local newspaper. Patients expressing interest in partici
pating were contacted by telephone or posted detailed infor
mation if telephone contact was not made at the first
attempt. Suitability for the trial was initially assessed by a
structured telephone interview based on the inclusion and
exclusion criteria. Potential subjects were then offered a face
to-face appointment for formal assessment. The first 90
patients who fulfilled the inclusion criteria were to be recruited
into the trial.
2.4. Randomization and blinding

Subjects were randomized to one of two identical lasers
(labeled A or B) following allocation using 90 sequentially num
bered, opaque, sealed envelopes which were prepared earlier by a
third party, using a computerized table of random numbers
and balanced to ensure equal numbers in each group. The con
tents stated which laser was to be used (i.e. "A" or "B") and each
envelope was opened immediately before the first treatment.
The digital display of both machines and the sound emitted
during operation were identical but only one emitted a laser
beam. Before the machine was switched on, the subject and
operator put on protective glasses specific for 830 nm. The
glasses protected the eyes, as required for a Class 3B laser,
Australian
Standard:AS/NZS
2211. \.1997
(Standards
Australia Limited, 1997) and "blinded" both the subject and
the operator as to which laser (active or sham) was being used.
At the completion of the first treatment, to determine the
success of blinding, subjects were asked to record whether they
had received active or sham treatment.
Allocation concealment was maintained until statistical anal
ysis was completed by the statistician (GH), blind to the coding.

2.2. Patient recruitment and selection
2.5. Laser device and parameters

The study was carried out between July 2002 and May 2003
at a large suburban medical centre of 17 general practitioners
in Sydney, Australia.
2.3. Inclusion and exclusion criteria

Patients were included if they were 18 years of age or over;
had unilateral or bilateral chronic neck pain (i.e. of more than
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Subjects were treated with one of two Class 3B, Diolase
devices (DioLase Corporation of Mountain View California,
USA), marked A or B. The active machine emitted a laser
beam with a fusiform shape, 15 mm in length and 3 mm at
its widest with a wavelength of 830 nm and power of
300 mW in continuous wave mode at a Power Density (PD)
of 0.67 W/cm 2. The laser parameters selected were based
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pragmatically on those used in everyday practice by the princi
pal author (RC) (Cho\V et aI., 2003) and had been formally
piloted in a previous trial designed to determine their feasibil
ity for the present study (Chow et aI., 2004).
2.6. Calibration of the laser

The output of the lasers was measured by a member of the
Department of Laser Physics, Macquarie University, Sydney,
at the start of the study, and on three occasions during the
course of the trial.
2.7. Treatment protocol

The course of treatment consisted of twice-weekly treat
ments for 7 consecutive weeks with a maximum of half an hour
allocated to each patient.
Subjects were seated comfortably with arms supported on a
pillow and neck and shoulder muscles as relaxed as possible.
Tender points in the neck were identified by systematic palpa
tion using firm finger pressure, to one or both sides of thc neck
if pain was unilateral or bilateral. Palpation commenced at the
mid-line at the external occipital protuberance, distally over
each spinous process down to T8, the lowest insertion of the
trapezius muscle aponeurosis, laterally along the nuchal line
to the mastoid process on the affected side or sides. This was
continued laterally over the articular pillars from C2 to C7
and paravertebral areas of TI-T8, extending laterally over
muscle bellies to the tip of the shoulder including the acromi
oclavicular joint, the sternomastoid muscle bellies and inser
tion at the sternum and clavicle. The medial border of the
scapulae and the insertion of muscles on the spines of the scap
ulae were also palpated to identify tenderness.
Tender points in the neck were treated for 30 s per point
with up to 50 points being treated within the maximum
half-hour allocated for treatment of each patient. The laser
hand-piece was held perpendicularly to the skin using the
contact-pressure technique (Ohshiro, 1990). The number of
points treated was dependent on the severity of symptoms on
the day of treatment. Both sides were treated if the pain was
bilateral. Treatment was given to all patients immediately after
palpation by a single operator (RC).
Subjects were requested not to have any other forms of
physical treatment to the neck until all questionnaires had been
completed, and were' asked to maintain their usual pattern of
medication intake, including pain medication, if any, until
completion of the trial.
2.B. Baseline demographic data

Prospective data demographic data were collected for age,
sex and duration of pain, to identify if any of these factors
might be associated with response to laser therapy.
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The primary outcome measure was a horizontal 10 cm VAS
for pain (graded from zero, representing no pain, to 10, the
worst imaginable pain) (Scott and Huskisson, 1976; Price
et aI., 1994). Separate VAS scales were marked by the patient
at baseline, immediately before each treatment, at the end of
the course of treatment and I month after completion of the
treatment (approximately 12 weeks from baseline). The scales
were eompleted by the patients in a separate room from the
operator and then placed into sealed envelopes and forwarded
to a third party. Therefore, the operator applying the
lasers remained blind to the patients' responses at all stages
of the study. Also, patients were actively discouraged from dis
cussing their progress or their response to treatment with the
operator.
In addition to the VAS, the SF-36 (Brazier et aI., 1992), the
NPNQ (Leak et aI., 1994), NPAD (Wheeler et aI., 1999), the
MPQ (Melzack, 1987), and a participant rating of global
assessment (SAl) (Fischer et aI., 1999) were used.
At the initial assessment, prior to any treatment, the set of
questionnaires was explained in detail to the subjects and given
to them for completion at home. At the end of the course of
treatment and then one month later (12 weeks from baseline)
the subjects were sent an identical set of questionnaires, with
a reply-paid envelope, to be completed at home and returned
by mail.
The SF-36 questionnaire consists of 11 questions concern
ing general health and can be divided into two aggregate sum
mary measures, the Physical Component Summary (PCS) and
. Mental Component Summary (MCS) (Ware and Sherbourne,
1992; McHorney et aI., 1993; Jenkinson et aI., 1994). The
NPNQ is a 9-item questionnaire, each with a possible score
ranging from 0 to 4, developed to measure self-perceived dis
ability from neck pain (Leak et aI., 1994). The NPAD is a
20-item questionnaire measuring the intensity of pain, its inter
ference with the vocational, recreational, social and functional
aspects of living and the presence and extent of associated
emotional factors, using a 5 cm VAS (Wheeler et aI., 1999;
Goolkasian et aI., 2002). The MPQ is a multifaceted, pain
questionnaire which provides an assessment of global pain
and pain quality as well as sensory and affective components
of pain as separate scores (Melzack, 1975; Melzack, 1987).
A measurement of self-assessed global improvement or
worsening (SAl) was included between baseline and 12 weeks
(Fischer et aI., 1999). This was expressed as percentage
change and was completed at the end of treatment and I
month later. A pain diagram was completed at baseline, prior
to each treatment, to indicate the extent of pain on the day of
treatment, at the end of the course of treatment and I month
later.
To systematically capture any adverse effects of treatment,
subjects were asked to record any new symptoms, from a list
on a proforma, or use free text to describe any others.
2.10. Statistical methods

2.9. Outcome measures

The analysis was eonducted on the basis of intention-to
treat. The last observed data point was used for missing data
at each of the three data collection points for five of the six
subjects who had dropped out of the study.
The V AS provides data that are widely accepted as reliable
and valid measures of pain intensity (Katz and Melzack, 1999).

The outcome measures adopted are in line with recommen
dations arising from the IMMPACT group (a multidisciplin
ary initiative which used consensus methods to develop a list
of core outcome domains for use in chronic pain studies) (Turk
et aI., 2003).
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How best to undertake statistical analysis of such data is the
subject of much discus.sion. Some authors suggest that such
data are ordinal and should not be analyzed using convention
al parametric techniques (Svensson, 1998); others argue that it
is interval in nature and use of parametrie techniques is justi
fied (Price et aI., 1994; Myles et aI., 1999). We analyzed change
in raw VAS scores using both the Two-Sample T-test and ordi
nal regression for change in pain severity, grouped as ordinal
data. For the latter analysis we classified the changes in VAS
scores into bands and analyzed the resulting data as an ordinal
response.
Severity of pain was graded into four groups based on
range of VAS scores; 0-3 (none to mild); 3-6 (moderate);
6-8 (moderately severe); 8-10 (severe) (Jorgensen et a\., 1995;
Collins et aI., 1997; Bodian et ai., 200 I). Improvements in pain
scores were defined as <-5 (greatly improved), -5 to -3
(much improved), - 3 to -I (somewhat improved), I to I
(about the same) and >1 (worse) (Dexter and Chestnut,
1995; Todd et aI., 1996). Ordinal regression was used to test
for a treatment effect after adjusting for possible confounding
covariates (McCullagh, 1980). Differences in all other outcome
measures were also compared across groups at baseline and
between baseline and 12 weeks using either Two-Sample
T-Test or Chi-square test as appropriate. The Mann-·Whitney
test was used to compare the SAl across the groups, I month
after completion of treatment. The program Statistical
Package for the Social Sciences (SPSS), Version 11, was used
for analysis.
2.11. Sample size and power calculations

Sample sizes for this study wcre calculated using the
response rates and variances in principal outcome measures
(percentage change in VAS) from a previous pilot study (Chow
et at, 2004). The selected Ct. value [probability of a false
positive - Type I error] was 0.05, fJ (probability of a false
negative, i.e. type II error) was 0.2 (i.e. a power of 0.8) and I)
(detectable difference in VAS) of 2. We determined this to be
a clinically relevant difference based on several studies. A total
of 2724 of patients with chronic pain from 10 RCTs showed
that a 2-point reduction on pain intensity scale where 0 = no
pain and 10 worst possible pain represented a clinically
relevant reduction in pain of approximately 30% (Farrar
et aI., 2001). A minimum 2-point reduction in pain intensity
on a 0-10 scale was also found to be clinically relevant in a
study of 130 patients with breakthrough cancer pain (Farrar
et al., 2000). In a study of acute pain, a minimum clinically
relevant change in pain intensity of a 0--100 mm scale was
found to be 13 mm (Todd et aI., 1996).
Based on a Two-Sample T-test, 36 patients were required in
each arm of the trial. To allow for drop-outs, contamination or
other adverse contingencies 45 patients were recruited into
each arm.

3. Results

Three hundred and fifty-five patients contacted the
medical centre in response to the advertisement. The
first 90 patients who met the eligibility criteria were
included in the study (Fig. 1).
230

3.1. Characteristics of the study group
Fifty-nine women and thirty-one men were enrolled.
The baseline characteristics of the groups after random
ization are reported in Table 1. The mean age was 56.1
years (SD ± 12.7) and duration of pain was 15.1
(SD ± 12.6). The mean VAS score in the laser group
was 5.9 and 4.0 in the placebo group.

3.2. Dropouts
Six subjects withdrew from the study during the
course of treatment (two from the active and four from
the control group). In only one case was the reason
related to the neck pain or treatment complications
(Fig. I).

3.3. Primary and secondary outcome measures
3.3.1. VAS
The mean improvement in raw VAS was significantly
greater in the treatment than the placebo group (~2.7
compared with +0.3, p < 0.001) (Table 2).
Using categorical groups based on change in pain
severity 37/45 of the laser group and 13/45 of the place
bo group demonstrated an overall improvement in pain
. scores from baseline to I month after treatment with I
patient in the treatment group and 12 in the placebo
group reporting worsening of pain (Table 3).
Change in pain severity based on categories of VAS
scores, from baseline to 1 month after the end of treat
ment, displayed a shift of 45% of patients moving from
more severe to mild pain categories. In contrast, there
was a small shift of patients towards improvement in
placebo groups and a 7% increase in patients in the most
severe pain group (Table 4).
Using ordinal regression, with change in pain level to
1 month after end of treatment as the response, it was
found that laser treatment was significantly associated
with a fall in VAS (p < 0.001). Baseline pain levels were
the only significant covariate (p < 0.0038). Results of the
ordinal regression are given in Table 5.
The effect of being in the treatment group compared
with the placebo group is an increase of eight times in
the odds of an improvement in pain leveL The effect of
baseline pain level is (approximately) the worse the
baseline pain level, the greater the odds of an improve
ment. For example, the effect of moderate baseline
pain level compared with none to mild is an increase
of 2.77 times in the odds of improvement in pain level.
This is increased to 9.48, the greatest increase, in the
"moderately severe" group and 6.47 in the "severe"
group. Thus the data suggest that the more severely
affected patients achieve the best outcome while those
with mild pain do not experience high levels of
improvement.
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Patients contacting the
medical centre in response to
newspaper advertisement &
posters in the waiting room
(n == 355)

I

/---------1

No response after initial
contact Cn == 145)

I Did not meet inclusion
criteria (n = 108)

I

Responded after
randomization completed
(n 12)
90)

Randomized Cn
to Laser A or B

!

+

I

~

Laser B: patients discontinued and
lost to follow-up due to:
i) asthma requiring steroids (n 1)
ii) unanticipated work change
(n =1)
iii) family illness en == 1)

Laser A: discontinued and lost
to follow-up due to:
i) family illness requiring
patient to travel interstate or
overseas (n 2)
i

,

!

,
Intention to treat
analysis (n == 45)

Intention to treat
analysis Cn == 45)

Laser B: patient
drop out due
to side effects but
not lost to follow
up Cn 1)

,
!

Fig. J. Flow chart of patient recruitment.

3.4. Other outcome measures
Table I
Baseline characteristics

N
Age
Sex
F
M

Duration of
pain (years)
VAS

Laser A (active) mean

Laser B

45

45

56.8 (SD

12.8)

55.4 (SD ± 12.8)

29
16
16.90 (SD ± 12.5)

30
15

5.9 (95% CI

4.0 (95% Cl

5.2-6.7)

Over the 3 months of the study, there was a mean
improvement in the SF-36 pes, NPNQ, NPAD,
MPQ-VAS and SAl over the entire study population
(Table 2). There was no change in the mean MPQ (sen
sory and affective components) or the SF-36 MeS. The
degree of improvement was significantly greater in the
laser group than the control group for the SF-36 pes,
NPNQ and NPAD. Patients in the laser group reported
a self-assessed global improvement (SAl) of 43.3% com
pared with 2.1 % in the placebo group.

mean

13.37 (SD ± 12.7)

=

VAS = Visual Analogue Scale.
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Within and between
Outcome measures
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"""'"nrl""" outcome measures from baseline to 12 weeks
Mean within group difference in outcome measures from
baseline to 12 weeks

Between group difference
in means [95% CIJ

p value

Laser (A) mean [95% CIJ

Placebo (B) mean [95% CI]

VAS (raw)

-2.7 [-3.3 to -2.IJ

0.3 [-0.4 to O.9J

-3.0 [--3.8 to -2.1]

p <O.OO(

SF-36
PCS
MCS

3.2 [0.6 to -5.7]
2.4 [-0.3 to -5.1]

-1.3 [-3.9 to -1.4J
5.4 [2.1 to -8.6]

4.5 [0.7 to 8.2]
-2.9 [-7.2 to J.3J

p 0.022'
p = 0.065

NPNPQ

-3.5 [-5.1 to -·1.9J

-0.6 [-1.8 to 0.6]

-3.0 [-5.0 to -0.9]

p < 0.005

NPAD

-15.2 [-20.4 to

-3.1 (-7.6 to 1.4]

-12.1 [-19.3 to -4.8]

p< O.OO(

MPQ
Sensory
Affective
VAS

·-3.4 [-5.4 to -1.4]
-1.3 [-2.3 to -0.4]
-2.1 [- 3.0 to-l.lJ

1.9 [-4.07 to -0.35]
-0.7 [-2.1 to 0.6J
0.1 [-0.9 to 0.7]

-1.5 [-4.5 to 1.5]
-0.6 [-2.3 to I.IJ
- 2.2 [ - 3.5 to -0.9]

P

% SAl

43.8% [33.9 to 53.7]

2.1% [-7.4 to 11.6]

41.7% [27.7 to 55.8]

p<O.OO]·

9.9]

p = 0.32
0.497
p <O.OO(

VAS - Visual Analogue Scale; SF-36 Short Form 36, Quality of Life Questionnaire; PCS Physical component score; MCS Mental component
score; NPNPQ - Northwick Park Neck Pain Questionnaire; NPAD - Neck Pain and Disability Scale; MPQ - McGill Pain Questionnaire; SAl Self
assessed improvement.
• Statistical significance p < 0.05.

3.5. Dropouts

3.7. Adverse effects

Six subjects withdrew from the study during the
course of treatment (two from the active and four from
fhe control group). In only one case was the reason
related to the neck pain or treatment complications
(Fig. 1).

A large number of adverse effects were reported with
the same frequency in both groups during the period of
data collection. However, nausea was reported signifi
cantly more frequently in the placebo group (p < 0.02)
and stiffness in the laser group (p < 0.02) (Table 6).

3.6. Assessment of blinding

3.8. Calibration of the laser

Thirty-two of 45 subjects in the placebo group and 30
of 45 subjects in the actively treated group stated they
did not know which treatment they had received. Twelve
subjects in each group thought they had active laser
treatment and two subjects in the active and one patient
in the control group thought they had placebo treat
ment. There was no significant difference between the
two groups in their ability to identify which was the
active laser (p 0.82) after the first treatment. This
indicates that the paticnts wcre effectively blinded to
the treatment.

The laser output was measured as 300 m W prior to
commencing the first treatment in the trial. At a mid
point in the trial, the laser was measured as having an
output of 285 mW and 4 months later, the laser output
had declined to 210 mW.
4. Discussion

This prospective, randomized placebo-controlled
study provides evidence for the use of 300 mW,
830 nm laser in the treatment of chronic neck pain over
a 12-week period, with the laser treated group demonTable 4
Characterization

Table 3
Overall

with VAS scores
Baseline

One month after end
of treatment

Change in pain level: baseline
to I month after end of treatment

Laser

Placebo

Greatly improved
Much improved
Somewhat improved
About the same
Worse

5 (11%)
13 (29%)
19 (42%)
7 (16%)
1(2%)

0(0%)
3 (7%)
10 (22%)
20 (44%)
12 (27%)

Pain level:

Laser

Placebo

Laser

Placebo

None to mild
Moderate
Moderately severe
Severe

5 (11%)
16 (36%)
15 (33%)
9 (20%)

17 (38%)
19 (42%)
8 (18%)
1(2%)

25 (56%)
14 (31%)
4(9%)
2 (4%)

18
17
6
4

Total

45

45

Total

45

45

45

45
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(40%)
(38%)
(13%)
(9%)
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Table 5
Results of ordinal regression for the response, change in pain level
from baseline to I month after end of treatment
Effect

Odds ratio

Laser
Placebo (referent)
Active

1.00
8.00

Baseline pain level
None to mild (referent)
Moderate
Moderately severe
Severe

1.00
2.77
9,48
6,47

95% CI
<0.0001
(3.09-20.69)
<0.0038
(0.97-7.91)
(2.77-32,46)
(l

strating a statistically significant and clinically relevant
improvement in the primary outeome measure, VAS.
Although severity of baseline VAS was a predictor of
response, when baseline differences were adjusted for,
change in the laser group was significantly greater than
the placebo group. Indeed, patients with more severe
pain had a greater probability of improvement.
Secondary outcome measures also improved signifi
cantly. We used two neck pain-specific measures
(NNPQ and NPAD) to assess the degree of functional
improvement, as visual analogue scores of pain are not
directly correlated with improved physical functioning
(Dawson et aI., 2002). Each measure showed significant
improvement, increasing the internal validity of the trial.
We also used a generic measure of quality of life,
SF-36, to assess the multiple domains of function mea
sured with this instrument. Somewhat surprisingly, we
found that patients' physical functioning (PCS) was
significantly improved, consistent with the functional
improvement in neck pain-related functions, with no
change in emotional domain scores (MCS). When

Table 6
Number of
Mildly increased pain
Moderately increased pain
Severely increased pain
Increased pain elsewhere
Mild headache
Moderately increased headache
Severe headache
Nausea
Light-headed/dizzy
Tingling in extremity
"Spaced-out" feeling
Sleepiness
Tiredness
Skin sensitivity
Jaw pain
Intercurrent infection
Stiffness
• Statistical significance p < 0.05.

p values

35
27
14
35
27

18
10
9
16
8
14
18
24
6
3
II
9
2

29
23
12
28
24
13
10
19
20
6
10
19
21
4
2

8
2
3

0.16
0,40
0.64
O.ll
0.5
0.27
1.0
0,02'
0.39
0.56
0.34
0.83
0.53
0.50
0.65
0,44
0.02'
0.65
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baseline scores of MCS were examined it was apparent
that subjects functioned at a relatively low degree of
emotional distress in spite of an average pain duration
of 15+ years_ This suggests that a "floor" effect may
have precluded the demonstration of any improvement.
These data also suggest that patients in general practice
manage pain more effectively and, although being
physically limited, are not highly disabled, compared
with those who attend Multidisciplinary Pain Clinics
(Crook et aI., 1986, 1989; Weir et aI., 1992).
Patients also reported significantly greater self
assessed global improvement in the laser therapy group,
reporting a mean improvement of 43.8% compared with
2.JlYo in the placebo group, again consistent with the
improvement in VAS scores.
In contrast, the MPQ did not show any statistical
improvement in either the sensory or affective dimension
of the scores. Limitations are recognized for all instru
ments which measure pain and although widely used,
the MPQ has been criticized for inadequately assessing
each dimension of pain due to their high inter-correla
tion, which may be reflected in our findings (Turk
et aI., 1985).
It may be argued that self-selection of patients by
their response to advertisements about the trial may
have skewed the cohort to those with more sever-e pain
or those experiencing an exacerbation of pain. However,
it is plausible that the number of patients responding to
advertisements for this trial, and the severity of their
baseline pain scores, unmasks the large popUlation of
patients in the general community who have significant
pain levels and who no longer seek treatment for their
chronic pain due to the inadequacy of current therapies
(Croft et aI., 1998).
Adverse effects occurred in both groups with more
nausea being reported in the placebo group. It is not
clear why this should be so but it may be that a sub
group of patients responded to the discomfort of palpa
tion with an increase in autonomic phenomena. Stiffness
following treatment was significantly more common in
the laser group (Table 6), but again the reason for this
is not clear. Overall, the low frequency and mild nature
of the reported adverse events are reassuring. There is
no a priori reason to believe that there are infrequent
serious adverse effects associated with LLLT which
would have been missed in this study.
The clinical relevance and generalizability of the pres
ent findings is augmented by the undifferentiated nature
of the neck pain treated and the treat men t of non -specif
ic tender points. Tender points are common to many
types of neck pain and we did not seek to identify any
particular structure as specific anatomical diagnoses of
neck pain may not always be possible (Barnsley, 2003).
The intra- and inter-rater reliability of identification of
tender points by examination has been confirmed (Wolfe
et aI., 1992).
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Treating undifferentiated tender points alone risked
"lumping" together patients with a variety of patho
physiological diagnoses but nevertheless, a positive out
come was achieved. This begs the question as to whether
even better results may be achieved in more selected
groups, such as those with altered central pain process
ing, reflected as hyperalgesia, rather than those with a
specific peripheral pain generator such as a painful cer
vical zygapophysial joint.
This study differs from previously reported trials of
laser in several ways (Chow and Barnsley, 2005). We
used a power output measured from 200 to 300 mW in
contrast to the output range of 5-100 mW in the other
trials. Furthermore, our treatment regime was 14 treat
ments compared with a maximum of lOin other studies.
This was designed to overcome under-dosing, suggested
as a potential reason for negative outcomes in previous
studies (Bjordal et aI., 2001, 2003).
It has been suggested that laser therapy may act by
stimulating ligament repair (Enwemeka and Reddy,
2000), by anti-inflammatory effects (Sattayut et aI.,
1999; Sakurai et aI., 2000; Bjordal et aI., 2006), increas
ing production of endogenous opioids (Laakso et aI.,
1994) and/or by reducing interstitial swelling by stimu
lating the motoricity of lymphatics (Lievens, 1991;
Carati et al., 2003). However, in this study we treated
tender points, begging an alternative explanation. At
the wavelength used in this study (), = 830 nm) laser
has been shown to disrupt fast axonal transport by caus
ing perturbation of microtubule arrays of small diameter
neurons in rat dorsal root ganglia in culture and by
reducing A TP synthesis in axonal mitochondria (Chow
and Armati, 2004). There is also in vivo and in vitro evi
dence that 830 nm laser inhibits A-8 and C fibre trans
mission (Tsuchiya et aI., 1993, 1994). It is possible that
laser-induced neural blockade may then lead to long
term altered nociception (Wall, 1998), analogous to
the prolonged analgesia seen in some patients with local
anesthetics (Arner et aI., 1990). The repeated application
of laser may reduce tonic peripheral nociceptive afferent
input to the dorsal horn and facilitate reorganisation of
synaptic connections in the CNS producing pain modu
lation (Coderre et aI., 1993; Mense, 1993).
4.1. Limitations of the study

In the present study, this would mean that the laser
group might be more likely to show improvement irre
spective of the efficacy of the intervention, leading to
bias in favor of laser. Two observations refute this con
cern. First, in the ordinal regression analysis which con
trolled for the effect of initial VAS, LLLT vs placebo
remained a significant predictor of pain relief. Second,
concurrent measures of pain other than the VAS also
improved significantly.
While the duration of follow-up of I month after the
completion of treatment may be criticized, this study
provides evidence for proof-of-principle for LLLT as an
efficacious mono therapy. Modification of this protocol,
its use in combination with other therapies and long-term
outcomes remain to be explored in further trials.
Output power of the active laser fell from 300 to
210mW over 12 months of the study. Aging diodes with
falling output power are a common problem with laser
devices (Nussbaum et at, 1999), as this study in which
more than 1200 treatments were administered demon
strates. Nevertheless the output power, even at 200 mW
is more than three times greater than the highest output
used in previous studies (Chow and Barnsley, 2005).
The nonspecific effects of any therapy for pain are
important to consider in any trial of therapy for pain.
Blinding of treatment allocation is therefore particularly
important. In this study, neither group of patients was
able to determine laser or placebo-group allocation at
the first visit, confirming the lack of any significant scn
sation from the device, such as heating, and the effective
ness of blinding.
5. Conclusion

Laser therapy with a wavelength of 830 nm and an
output power of 300 mW provides clinically relevant
benefit in the management of chronic neck pain as a
monotherapy. The treatment is virtually painless,
appears to have a low incidence of adverse effects and
is relatively easy to administer. Further studies could
explore variations to the presented protocol, such as
shorter courses of therapy, decreased duration of laser
exposure, reduced palpation pressure, prospective iden
tification of patients with different physical findings and
the use of LLLT as an adjunct to other therapies such as
exercise or medications.
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ited by the fact that there are qualitative differences
References
between pain at the mild and severe ends of the scale
so that the same absolute change in a high VAS' may
Aker P, Gross A, Goldsmith C, Peloso P. Conservative management of
mechanical neck pain: systematic overview and meta analysis. Br
not be clinically equivalent to the same change in pain
Med J 1996;313:1291-6.
in patients with mild pain (Price and Harkins, 1992).
Andersson H, Ejlertsson G, Leden I, Schersten B. Musculoskeletal
Moreover, simple biological variation and the concept
chronic pain in general practice. Studies of health care utilisation in
of regression to the mean would result in patients with
comparison with pain prevalence. Scand J Prim Health Care
higher baseline scores being more likely to show a fall.
1999;17:87~92.
234

R T CholV ef at. I Pain 124 (2006) 20],210

Arner S, Lindblom U, Meyerson BA, Molander C Prolonged relief of
neuralgia after regional ailesthetic blocks, A call for further
experimental and systematic clinical studies. Pain 1990;43:287,~97.
Barnsley L. Neck pain. In: Hochberg MC, Silman AJ, Smolen JS,
Weinblatt ME, Weisman MH, editors. Rheumatology, Vol. I. St.
Louis, MO: Mosby; 2003,
Baxter GC, Walsh DM, Allen JM, Lowe AS, Bell Al. Effects of low
intensity infrared laser irradiation upon conduction in the human
median nerve in vivo. Exp Physio] 1994;79:227-34.
Baxter GD, Bell Al, Allen 1M, Ravey 1. Low level laser therapy:
current clinical practice in northern Ireland. Physiotherapy
1991;77: 171-8.
Bjordal J, Couppe C, Chow R, Tuner 1, Ljunggren A. A systematic
review oflow level laser therapy with location-specific doses for pain
from chronic joint disorders. Aust 1 Physiother 2003;49:\o7~ 16,
Bjordal J, Couppe C, Ljunggren A. Low-level laser therapy for
tendinopathy: evidence of a dose-response pattern. Phys Ther Rev
2001;6:91-9,
Bjordal JM, Lopes-Martins RAB, Iversen VV. A randomised placebo
controlled trial of low level laser therapy in activated achilles
tendinitis with microdialysis measurement of peritendinous PGE 2 levels. Br J Sports Med 2006;40:7680.
Bodian CA, Freedman G, Hossain S, Eisenkraft JB, Beilin Y. The
visual analogue scale for pain. Clinical significance in postoperative
patients. Anesthesiology 200 1;95: 1356-61.
Borghouts J, Koes B, Vondeling H, Bouter L. Cost-of-illness of neck
pain in the Netherlands in 1996. Pain 1999a;80:629-36.
Borghouts J, Janssen H, Muris 1, Metsemakers J, Bouter L. The
management of chronic neck pain in general practice: a retrospec
tive study. Scand J Prim Health Care 1999b;17:215-20.
Borghouts 1, Koes B, Bouter L. The clinical course and prognostic
factors of non-specific neck pain: a systematic review. Pain
1998;77:1-13.
Brazier lE, Harper R, 10nes NMB, O'Cathain A, Ushcrwood T,
Westlake 1. Validating the SF-36 Health survey questionnaire: new
outcome measure for primary care. Br Med 1 1992;305:160-4.
Cam bier DC, Vanderstraeten G. Low-level laser therapy: the experi
ence in Flanders. Eur J Phys Rehabil 1997;7:102-5.
Carati Cl, Anderson SN, Gannon Bl, Piller NB. Treatment of
postmastectomy lymphedema with low-level laser therapy: a
double-blind, placebo-controlled triaL Cancer 2003;98:1114-22.
Chow RT, Armati PJ. Effects of 830nm laser on cultured rat dorsal
root ganglia: implications for the analgesic effects of laser. Lasers
Surg Med 2004(SuppL 6):5.
Chow RT, Barnsley L. A systematic review of the literature of low
level laser therapy (LLLT) in the management of neck pain. Lasers
Surg Med 2005;37:46-52.
Chow RT, Bamsley LB, Heller GZ, Siddall Pl. Efficacy of 300 mW,
830 nm laser in the treatment of chronic neck pain: a survey in a
general practice setting. 1 Musculoskelet Pain 2003;11 :]3-21.
Chow RT, Barnsley LB, Heller GZ, Siddall PJ. A pilot study of low
power laser therapy in the management of chronic neck pain. J
Musculoskelet Pain 2004;12:71-81.
Coderre T, Katz J, Vaccarino AL, Melzak R. Contribution of central
neuroplasticity to pathological pain: a review of clinical and
experimental evidence. Pain 1993;52:259-85.
Collins SL, Moore RA, McQuay HJ. The visual analogue pain
intensity scale: what is moderate pain in millimetres? Pain
1997;72:95-7.
Cote P, Cassidy 1, Carroll L. The Saskatchewan health and back pain
survey: the prevalence of neck pain and related disorders in
Saskatchewan adults. Spine 1998;23:1689-98.
Croft PR, Papageorgiou AC, Thomas E, Silman AJ. Outcome of low
back pain in general practice. Br Med J 1998;316:1356-9.
Crook J, Tunks E, Rideout E. Epidemiologic comparison of persistent
pain sufferers in a specialty pain clinic and in the community. Arch
Phys Med Rehabil 1986;67:451-5.

209

Crook J, Weir R, Tunks E. An epidemiologic follow-up survey of
persistent pain sufferers in a group family practice and specialty
pain clinic. Pain 1989;36:49-61.
Dawson R, Spross lA, Jablonski ES, Hoyer DR, Sellers DE, Solomon
MZ. Probing the paradox of patients' satisfaction with inadequate
pain management. J Pain Symptom Manage 2002;23:211-20.
Dexter F, Chestnut D. Analysis of statistical tests to compare visual
analogue seale measurements among groups. Anesthesiology
1995;82:896-902.
Enwemeka C, Reddy G, The biological effects of laser therapy and
other physicaJ modalities on connective tissue repair processes,
Laser Ther 2000;12:22-30.
Enwemeka CS, Parker lC, Dowdy DC, Harkness EE, Sanford LE,
Woodruff LD. The efficacy of low-power lasers in tissue repair and
pain control: a meta-analysis study. Photomed Laser Surg
2004;22:323-9.
Farrar lT, Portney RK, Berlin JA, Kinman JL, Strom BL. Defining
the clinically important difference in pain outcome measures. Pain
2000;96:219-94.
Farrar lT, Young HP, LaMoreaux L, Werth lL, Poole RM. Clinical
importance of changes in chronic pain intensity measured on an 11
point numerical rating scale. Pain 2001 ;94:149-58.
Fischer D, Stewart AL, Blich DA, Lorig K, Laurent D, Holman H.
Capturing the patient's view of change as a clinical outcome
measure. 1 Am Med Assoc 1999;282:1157-62.
Gabel P. Neuronal axoplasmic flow as one of the possible mechanisms
for the systemic and latent effects of laser therapy: an hypothesis.
Laser Ther 1997;9:53-4.
Goolkasian P, Wheeler A, Gretz S. The neck pain and disability scale: test
retest reliability and construct validity. Clin J Pain 2002; 18:245--50.
Hoving L, Gross A, Gasner D, Kay L, Kennedy C, Hondras M, et aL
Appraisal of review articles in the effectiveness of conservative
treatment for neck pain. Spine 2001;26:196-205.
Jenkinson C, Wright L, Coulter A. Criterion validity and reliability of
the SF-36 in a popUlation sample. Qual Life Res 1994;3,
10rgensen JO, Gillies RB, Hunt DR, Caplehorn lR, Lumley T.
A simple and effective way to reduce postoperative pain after
laparascopic cholecystectomy. Aust N Z J Surg 1995;65:466-9.
Kasai S, Kono T, Yasuhiro Y, Kotani H, Sakamoto T, Mito M. Effect
of low-power laser irradiation on impulse conduction in anaesthe
tized rabbits. J Clin Laser Med Surg 1996;14:107-9.
Katz J, Melzack R. Measurement of Pain. Surg Clin North Am
1999;79:231-52.
Korthals-de Bos I, Hoving J, van Tulder M, Rutten-van Molken M,
Ader If, de Vet H, et a!. Cost effectiveness of physiotherapy, manual
therapy and general practitioner care for neck pain economic
evaluation alongside a randomised, controlled triaL Br Med 1
2003;326: 1-6.
Laakso E, Cramond T, Richardson C, Galligan J. Plasma ACTH and
beta-endorphin levels in response to low level laser therapy (LLLT)
for myofascial trigger points. Laser Ther 1994;6: 133-42.
Leak AM, Cooper J, Dyer S, Williams KA, Turner-Stokes L, Frank
AO. The Northwick Park Neck Pain Questionnaire, devised to
measure neck pain and disability. J Rheumatol 1994;33:469-74,
Lievens Pc. The effect of a combined HeNe and LR. laser treatment
on the regeneration of the lymphatic system during the process of
wound healing, Lasers Med Sci 1991;6:193-9.
Lopes-Martins R, Albertini R, Lopes-Martins P, Bjordal 1, Neto H.
Spontaneous effects of low-level laser therapy (650 nm) in acute
inflammatory mouse pleurisy induced by carrageenan. Photomed
Laser Surg 2005;23:377-81.
McCullagh P. Regression models for ordinal data. J R Stat Soc SeT B
1980;42: 109-42.
McHorney CA, Ware lE, Raczek AE. The MOS 36 Item Short Form
Health Survey (SF36): 2. Psychometric and clinical tests of validity
measuring physicaJ and mental health constructs. Med Care
1993;31:247-63.

235

210

R.T Chow et al. I Pain 124 (2006) 201--210

Melzack R. The McGill Pain Questionnaire: major properties and
scoring methods. Pain 1975; I :277-99.
Melzack R. The short-form McGill Pain Questionnaire. Pain
1987;30:191-7.
Mense S. Nociception from skeletal muscle in relation to clinical
muscle pain. Pain 1993;54:241-89.
Merskey H, Bogduk NE. Classification of chronic pain. Descriptions
of chronic pain syndromes and definitions of pain terms. Seat
tle: IASP Press; 1994.
Moore K. An update on the application of low reactive level laser
therapy (LLLT) in the United Kingdom. Laser Ther 1989;1 :157·61.
Myles PS, Troedel S, Boquest M, Reeves M. The pain Visual Analogue
Scale: is it linear or nonlinear? Anesth Analg 1999;89: 1517-20.
Navratil L, Dylevsky L Mechanisms of the analgesic effect of
therapeutic lasers in vivo. Laser Ther 1997;9:33-9.
Nussbaum EL, Van Zuylen J, Baxter GD. Specification of treatment
dosage in laser therapy: unreliable equipment and radiant power
determination as confounding factors. Physiother Can
1999;51:159-67.
Ohshiro T. An Introduction to LLLT. In: Ohshiro T, Calderhead R,
editors. Progress in laser therapy. Chichester, England: Wiley;
1990. p. 3(}'-40.
Ohshiro T. The evolution of the Japan Laser Therapy Association
(JALTA) methods and standards for scoring laser therapy pain
attenuation: a retrospective two year overview. Laser Ther
2001;13:65-72.
Picavet H, Schouten 1. Musculoskeletal pain in the Netherlands:
prevalences, consequences and risk groups, the DMC (3) study.
Pain 2003;102:167-78.
Price D, Harkins S. Psychophysical approaches to pain measurement
and assessment. In: Turk D, Melzack R, editors. Handbook of pain
assessment. New York: Guilford Press; 1992. p. 111-34.
Price DD, Bush FM, Long S, Harkins SW. A comparison of pain
measurement characteristics of mechanical visual analogue and
simple numerical rating scales. Pain 1994;56:217-26.
Sakurai Y, Yamaguchi M, Abiko Y. Inhibitory effect of low-level laser
irradiation on LPS-stimulated Prostaglandin E2 production and
cyclooxygenase-2 in human gingival fibroblasts. Eur J Oral Sci
2000;1081 :29-34.
Sattayut S, Hughes F, Bradley P. 820 nm gallium aluminium arsenide
laser modulation of prostaglandin E2 production in interleukin I
stimulated myoblasts. Laser Ther 1999;11 :88-95.
Scott 1, Huskisson E. Graphic representation of pain. Pain
1976;2: 175-84.

236

Standards Australia Limited, AS/NZS 2211.1: 1997 Laser safety 
Equipment classification, requirements and user's guide, http://
www.standards.org.au/default.asp (1997).
Svensson E. Ordinal invariant measures for individual and group
changes in ordered categorical data. Stat Med 1998;17:2923-36.
Todd KH, Funk KG, Funk lP, Bonacci R. Clinical significance of
reported changes in pain severity. Ann Emerg Med 1996;27:485-9.
Tsuchiya D, Kawatani M, Takeshige C. Laser irradiation abates
neuronal responses to nocioceptive stimulation of rat-paw skin.
Brain Res Bull 1994;43:369-74.
Tsuchiya D, Kawatani M, Takeshige C, Sato T, Matsumoto 1. Diode
laser irradiation selectively diminishes slow component of axonal
volleys to dorsal roots from the saphenous nerve in the rat.
Neurosci Lett 1993;161:65--8.
Turk DC, Dworkin RH. Allen RR, Bellamy N, Brandenburg N, Carr
DB, et at. Core outcome domains for chronic pain clinical trials:
IMMPACT recommendations. Pain 2003;106:337--45.
Turk DC, Rudy TE, Salovey P. The McGill Pain Questionnaire
reconsidered: confirming the factor structure and examining
appropriate uses. Pain 1985;21:385-97.
Wall, PD. In: Cousins MJ, Bridenbaugh PO, editors. New horizons - an
essay, neural blockade in clinical anaesthesia and management of
pain. Lippincott-Raven Publishers, Philadelphia; 1998. pp. 1135
1143.
Ware J, Sherbourne C. The MOS 36-item Short-Form Health Survey
(SF-36): L Conceptual framework and item selection. Med Care
1992;30:473-83.
Webb R, Brammah T, Lunt M, Urwin M, Allison T, Symmons D.
Prevalence and predictors of intense, chronic, and disabling neck and
back pain in the UK general population. Spine 2003;28:1195-202.
Weir R, Browne G, Tunks E, Gafni A, Roberts J. A profile of users of
specialty pain clinic services: predictors of use and cost estimates.
J Clin Epidemiol 1992;45:1399--415.
Wheeler AH, Goolkasian P, Baird AC, Darden BV. Development of
the neck pain and disability scale. Item analysis, face and criterion
related validity. Spine 1999;24:1290-4.
Wolfe F, Simons D, Fricton J, Bennett RM, Goldenberg DL, Gerwin
R, et al. The fibromyalgia and myofascial pain syndromes: a
preliminary study of tender points and trigger points in persons
with fibromyalgia, myofascial pain syndrome and no disease.
J Rheumatol 1992;19:944-51.
Wolsko PM, Eisenberg DM, Davis RB, Kessler R, Phillips RS.
Patterns and perceptions of care for treatment of back and neck
pain: results of a national survey. Spine 2003;28:292-7.

