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Background and Objective: This study assessed the putative an-
algesic effect of combined monochromatic light/laser irradiation
at low intensity (660950 nm; 31.9 J/cm?; pulsed at 16 or 73 Hz).
Study Design/Materials and Methods: The investigation was com-
pleted under double-blind conditions using a standardised form
of the submaximal effort tourniquet technique. Healthy male vol-
unteers naive to the experimental conditions (n =45) attended on
two occasions for the purposes of pain induction, the first during
which baseline data were obtained and on a second occasion
during which they were randomly allocated to one of two treat-
ments or a placebo condition. For the treatment conditions, irra-
diation was applied to the ipsilateral Erb’s point at the parame-
ters stated; for the placebo condition, sham “irradiation” was
delivered using a dummy unit. Pain was measured using comput-
erised visual analogue scales and McGill Pain Questionnaires
(MPQ) to assess “current pain intensity” and “worst pain expe-
rienced,” respectively.

Results: Analysis of variance and appropriate post hoc tests dem-
onstrated only a weak (but significant) hypoalgesic effect com-
pared to placebo (P<0.05) in the treatment group irradiated at
16Hz for the sensory component of the MPQ; other comparisons
were found to be nonsignificant,

Conclusions: These results do not provide convincing evidence
for the hypoalgesic potential of combined monochromatic light/
laser irradiation, at least at the parameters used here, and thus
indicate the necessity of additional work to investigate this mo-
dality further in order to assess the potential benefit, if any, of
such treatment in the clinical setting. © 1995 Wiley-Liss, Inc.
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INTRODUCTION

The use of lasers at relatively low radiant
exposures (<30 J/cm?) has been widely promoted
since the late 1960s as a useful therapeutic mo-
dality for the treatment of a range of conditions,
including open wounds, soft tissue injuries, and
pain of various aetiologies [1-3]. Of these poten-
tial applications, the recommendation of such

© 1995 Wiley-Liss, Inc.

devices as an effective analgesic modality has at-
tracted considerable scepticism from some au-
thors, particularly given the poor quality of some
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of the publications within this field and the lack
of any obvious mechanism of action (2, 4—6]. Re-
view of the clinically based studies carried out to
date is further complicated by the range of condi-
tions treated and the plethora of irradiation pa-
rameters employed by researchers; consequently
the putative clinical efficacy of laser therapy as
an analgesic modality remains debatable (7]. In
contrast, results of a recent survey of current
practice in this field has indicated that clinicians
regard such devices as an effective therapeutic
tool, whose analgesic efficacy is rated highly
against other electrotherapeutic modalities [8].
Unexpectedly, this survey also established the
popularity of multiwavelength/multidiode treat-
ment arrays combining monochromatic light
emitting and laser diodes. This is particularly in-
teresting given that no published study to date
has attempted to establish quantitatively the an-
algesic efficacy of these devices under controlled
conditions.

This notwithstanding, objective data from
controlled laboratory studies in both animals and
humans has provided some evidence of a potential
laser-mediated analgesic effect at appropriate ir-
radiation parameters. Using tail flick and hot
plate methods [9, 10], significant hypoalgesic ef-
fects have been reported in rats as a result of He-
lium—Neon (He-Ne) laser irradiation [11-13].
The results of these investigations would further
indicate that the observed effects were not opiate-
mediated but were dependent upon the pulsing
frequency of irradiation, with 4 Hz producing a
short duration hypoalgesia of immediate onset, 60
Hz a delayed (>48 hr), but longer lasting effect,
and 200 Hz being apparently ineffective [12, 13].
These observations may go some way to explain-
ing the insignificant results found immediately
after laser irradiation by Lundeberg’s group using
an He—Ne source pulsed at 73 Hz [14].

Despite the generally encouraging findings
in animals, the difficulties and problems of ex-
trapolating the findings of such work to humans
remain. And despite this, few studies to date have
reported investigations of the analgesic effects of
laser in humans using laboratory techniques.
Those available studies have focused exclusively
upon effects at threshold pain intensities [15-17].
Seibert and Gould [15] have reported significant
increases in thermal pain threshold after only 35
s of irradiation with a 1 mW He—Ne laser, but
Brockhaus and Elger [16] found that irradiation
of the Hegu and Jiangian acupuncture points bi-
laterally for 1 min per point using a similar laser

with a peak power of 10 mW produced insignifi-
cant effects upon thermal pain threshold. Signif-
icant hypoalgesic effects upon electrical pain
thesholds at the wrist have also been reported by
King and colleagues in a single-blind, placebo-
controlled study after laser irradiation (0.03
J/point, ~0.3 J/cm?®) of auricular acupuncture
points in the ipsilateral ear [17]. This notwith-
standing, the studies completed to date would ap-
pear to be limited in their relevance to clinical
practice by their sole use of pain threshold as a
means of quantifying analgesic effect, as well as
their employment of relatively low treatment dos-
ages.

Thus it would seem that whereas there is
some experimental evidence to support the hy-
poalgesic efficacy of low intensity laser irradia-
tion, this is contradictory and fragmented. Fur-
thermore, no studies to date have been completed
to establish the efficacy of the type of combined
phototherapy/laser therapy units, which are ap-
parently so popular in clinical practice [8]. The
aim of this preliminary investigation was there-
fore to quantify the analgesic efficacy of such com-
bined phototherapy/low intensity laser therapy
by means of a variation of the submaximum effort
tourniquet technique (SETT). The SETT was used
as it was considered a useful and reliable method
of assessing the effects of putative analgesic mo-
dalities [7].

MATERIALS AND METHODS
Recruitment Procedure

Ethical approval was obtained for this study
for which naive male subjects (n=45) were re-
cruited from staff and students of the university.
Such subjects had not previously participated in
similar experiments and were unfamiliar with la-
ser/phototherapy. Once potential subjects had ex-
pressed their willingness to act as volunteers, a
mutually convenient time was agreed, which al-
lowed each to attend the two visits necessary
within the specified time period. During the first
attendance, subjects received a detailed briefing
on the procedure and purpose of the experiment,
as well as the minimal dangers associated with
the technique. All were expressly reminded of
their right to terminate the proceedings at any
point, invited to ask any questions that they
might have, and then to sign a simple consent
form. In keeping with the principles of informed
consent, although overt reference to the possible
use of a placebo was not made, subjects were in-
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formed that combined phototherapy/low intensity
laser therapy “may or may not be applied” during
their second attendance.

Screening Procedure

It was determined that subjects were cur-
rently healthy and free from any symptoms or
illness that would contraindicate the ischaemic
procedure. Subjects were screened for peripheral
neuropathy, peripheral vascular abnormality, or
hypertension as well as current drug usage. Sub-
Jects’ nondominant arms, which were used in this
experiment for the purposes of pain induction,
were examined prior to the commencement of the
procedure according to routine clinical standards
[18]. It was not found necessary to exclude any
subjects on the basis of this screening procedure.

Preliminaries

Subjects were seated comfortably at a table
in a small (~2.5 m square) light and sound atten-
uated cubicle. Safety goggles (IREX 500, Bolle,
France) were worn by subjects on both atten-
dances. A microcomputer (520 ST, Atari, En-
gland) was arranged on the table so that its mono-
monitor and a mouse control mounted on a
standard friction mat were directly in front of the
seated subject. Brightness and contrast on the
monitor were adjusted to allow subjects to easily
view the screen while wearing the goggles. Once
seated, operation of the mouse control was dem-
onstrated and subjects’ nondominant arms ex-
posed to above the bulk of biceps/triceps.

Pain Induction Procedure

An elastic bandage was applied to the ex-
posed hand and forearm under constant tension
up to a point ~8 cm above the elbow and a sphyg-
momanometer cuff wrapped around the limb over
the bulk of biceps/triceps. Once prepared in this
way, a dynamometer (Martin vigorometer) fitted
with a medium-size balloon was used to assess
Maximal Grip Strength (MGS) in the arm. Once
assessed, a marker on the dynamometer was set
to read 75% of this maximal value. Subjects were
then asked to elevate the prepared arm vertically
above their head for 60 s to desanguinate the
limb, and a timer was started; thus this point was
recorded as time zero. After this 60-s period, the
cuff was rapidly inflated (<2s) to a pressure of
200 mmHg and the first of 12 computerised Vi-
sual Analogue Scales (VAS) was presented for
subjects to rate their current level of pain (see
below). Once this had been satisfactorily com-
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pleted, the arm was returned to a position of rest
on the table in front of the subject.

Using the previously set dynamometer, sub-
jects were then required to perform 20 hand grip
exercises within the first min, using 75% of MGS
and holding each grip for ~1 s. At the end of this
second min, the second of the 12 computerised
VAS was presented.

DEFLATION

At the 10-min point, the tourniquet cuff was
slowly deflated over a 2-min period to allow sub-
Jjects’ forearms to resanguinate gradually over the
period. At the end of the procedure, the tourni-
quet cuff and elastic bandage were removed and
subjects’ forearms routinely examined to identify
any obvious trauma or undesired side effects (e.g.,
residual pain). In this trial, no evidence of such
trauma or side effects were noted.

Pain Measurement

A computerised VAS and conventional
McGill Pain Questionnaire (MPQ) were used to
assess pain. For the purposes of the current study,
a short program was written so that a VAS, with
ends labelled as “no pain” and “maximum pain,”
respectively, could be displayed on the previously
specified computer monomonitor at intervals pre-
determined by the investigator and subjects’ rat-
ings automatically stored to disk for future anal-
ysis. The first presentation was at the 1-min point
(i.e., immediately after pain induction), and at
1-min intervals thereafter, including the defla-
tion period. Each VAS was presented for a total of
30 s, which pilot studies showed to be an adequate
time for subjects to rate pain by a “marker,” the
position of which on the line was determined by
means of a mouse control. The marker on the VAS
was located halfway along the analogue scale for
each new presentation of the scale, the position
and orientation of which were randomised by the
program. Once satisfied that the position of the
marker between the two labelled extremes ade-
quately reflected the current level of pain experi-
enced, subjects used the integral click switch on
the mouse to finalise and record the reading. Each
reading was scored by the program as a percent-
age of the total length of the line.

In addition to the continuous rating of pain
throughout the procedure, subjects were also in-
terviewed using a conventional MPQ at the con-
clusion of each session in order to complement the
VAS ratings with an estimation of the qualitative
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and quantitative aspects of the worst pain expe-
rienced during the session [18, 19]. Five pain
scores were obtained from completed MPQs: Sen-
sory (S), Affective (A), Evaluative (E), and Mis-
cellaneous (M) scores (collectively referred to here
as SAEM scores) corresponding to the appropriate
sections on the short form MPQ, as well as an
aggregate Pain Rating Index (PRI) score.

Second Attendance: Experimental Conditions

As already indicated, all subjects were re-
quired to attend on two occasions for the purposes
of the trial. On the first occasion subjects com-
pleted the standard pain induction procedure to
establish baseline data. Subjects were required to
attend for a second session after 72 h, during
which all were randomly assigned under double-
blind conditions to one of three experimental con-
ditions on the basis of a prepared master sched-
ule. The experimental conditions were as follows.

Placebo condition. “Treatment” was com-
pleted using a dummy applicator that delivered no
active radiation but in other respects looked and
operated as an active unit. This dummy unit was
applied to Erb’s point in an identical manner to
that described below for the active treatment con-
ditions.

Two treatment conditions (Treatment
Groups 1 and 2). Subjects received irradiation
using a multiwavelength, multidiode array
(Omega Laser Systems, London, England) applied
directly to Erb’s point (Fig. 1). As the active unit
produced visible radiation (660 nm), the irradi-
ated area and treatment head were thoroughly
shielded from the gaze of subjects and investiga-
tors alike during both placebo and treatment con-
ditions. All treatments were performed on the ba-
sis of schedule allocation by an independent
researcher who was in no other way involved in
the experiment. It should be noted that irradia-
tion as described did not produce any subjective
sensation on the part of irradiated subjects.

Irradiation Parameters

Irradiation commenced at time zero and con-
tinued until deflation was complete at the 12th
min (i.e., for a total of 12 min). The array used in
the current study consisted of 30 light emitting
diodes arranged in three concentric circles pro-
ducing radiation at wavelengths of 660, 880, and
950 nm and an additional central laser diode pro-
ducing coherent radiation at 820 nm (Fig. 1).
Apart from the latter, all the other sources were
noncollimated superluminous diodes with an av-

Erb’s Point

660 nm (15 mW)
950 nm (25 mW)
880 nm (25 mW)
820 nm (15 mW)

Irradiation Specifications
Power Output: 532 mW

Average Power Density: 44 mW/cm?
Average Energy Density: 31.9 Jiem?

NB: Only coherent source is 820 nm diode

Fig. 1. Summary of irradiation protocol: site of irradiation
and irradiation parameters. Note: lower drawing represents
face of multiwavelength/multidiode array, showing precise
arrangement of the various diodes.

erage divergence of 6° spectral bandwidth for
these was 5 nm (100% power). The unit was
pulsed at 80% duty cycle at either 16 (treatment
Group) or 73 Hg (treatment Group 2); at 16 Hz the
pulse duration for each diode was 50 ms, with a
12.5 ms period between pulses. The unit delivered
a total of 532 mW of incident power. Across the 12
cm” area of the unit’s face, this represents an av-
erage incident irradiance of some 44 mW/cm?. A
total of 383 J was delivered during the treatment,
corresponding to an average radiant exposure of
31.9 J/cm? across the treatment head.

Analysis

Results were analysed using one-way and re-
peated measures analysis of variance (ANOVA)
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Fig. 2. Summary of Visual Analogue Scale (VAS) scores for initial attendance (points show

means *+ s.e.m.).

and posthoc Fischer tests as appropriate. Results
were considered significant at P < 0.05, with ap-
propriate corrections for the posthoc tests.

RESULTS
Visual Analogue Scale Scores

Figure 2 plots VAS scores (%) against time
(min) for subjects’ first attendance, points show
means * s.e.m. for subjects in each group. It
should be stressed that the three groups as la-
belled are based upon subsequent (second atten-
dance) group allocation; no treatment, active or
sham, was completed during the first attendance.
This graph clearly shows the progressive increase
in pain intensity experienced by subjects during
the first 10 min of the ischaemic pain induction
procedure, followed by the rapid decrease in re-
ported intensity during deflation of the cuff (Fig.
2). Analysis of these results using repeated mea-
sures ANOVA showed no significant differences
in first attendance VAS scores between groups,
indicating groups to be well matched for the pro-
cedure. In order to assess the effect of treatments
compared to placebo, VAS scores were standard-
ised for each subject by subtracting scores ob-
tained during their initial attendance from those
obtained during second (final) attendance; Figure
3 plots such VAS differences, between first and

second attendance, against time; hypoalgesia is
represented by negative and hyperalgesia by pos-
itive scores. These resultant “difference” scores
were compared between the experimental condi-
tions using repeated measures ANOVA. Whereas
Figure 3 shows a clearly superior effect at the 4-
and 5-min points for Treatment Group 1 (16 Hz),
compared to Placebo and Treatment Group 2 (73
Hz), no significant differences were found be-
tween VAS scores for the different conditions
(P=0.44).

MPQ Scores

Initial and final MPQ scores were analysed
using ANOVA and corrected Fisher tests based
upon difference scores as already described for
VAS; these are summarised in Figure 4. MPQ
scores, representing “worst pain experienced”
during the procedure, showed significant differ-
ences between experimental conditions for the S
component of the SAEM (P=0.05), but not for the
PRI scores. Corrected Fisher tests completed on
the S score data indicated significant differences
between Placebo and Treatment Group 1 (16Hz);
no other significant differences were found be-
tween groups. However, Figure 4 clearly shows a
similar hypoalgesic tendency (compared to pla-
cebo) in the 73 Hz group in terms of PRI and S
scores.
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Fig. 4. Summary of differences in initial and final Pain Rating Index (PRI), and Sensory (S),
Affective (A), Evaluative (E), and Miscellaneous (M) scores from McGill Pain Questionnaires
(MPQ) (columns show means * s.e.m.; *P<0.05).
DISCUSSION Hz), but no other significant effects were demon-

The current study found a weak but signifi- strated for any of the other components of the
cant treatment-mediated hypoalgesic effect upon MPQ nor for the VAS scores. Although widely
MPQ (S) scores at one of the sets of irradiation used and recommended as one of the best models
parameters specified (i.e., Treatment Group 1; 16 of clinical pain for the laboratory assessment of
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putative pharmacological analgesics [20—25], use
of the ischaemic technique for such assessment of
physical modalities has typically met with mixed
success [26—28]. In failing to demonstrate a con-
vincing treatment-mediated hypoalgesic effect
with the combined phototherapy/laser therapy
unit used here, it might be argued that these re-
sults merely provide further evidence of the un-
suitability of the SETT as a laboratory method for
assessment of the analgesic effects of physical mo-
dalities. However, this is unlikely, as the variant
of the SETT technique described here also has
been successfully used at this centre to demon-
strate the analgesic potential of other physical
modalities including transcutaneous electrical
nerve stimulation [29].

The weak hypoalgesic effect found in the cur-
rent study was based upon employment of irradi-
ation dosages at the upper end of the therapeutic
range [7] and the lower pulsing repetition rate (16
Hz), which previous work on animals had sug-
gested might be more appropriate for the produc-
tion of a short duration hypoalgesia of rapid onset
[13]. Whereas in demonstrating such a treatment-
mediated effect, these results might appear to re-
fute the findings of Brockhaus and Elger [16], the
disparate methodologies and irradiation parame-
ters employed precludes direct comparison of the
two sets of results. Brockhaus and Elger [16] as-
sessed the effects of low intensity He-Ne laser ir-
radiation upon thermal pain threshold, whereas
the current study was designed to investigate the
effects of phototherapy/low intensity laser at ther-
apeutic dosages upon experimental ischaemic
pain at relatively high levels of intensity. Scru-
tiny of mean PRI scores obtained in this investi-
gation (>20 for all groups on first attendance)
showed that the intensity of pain experienced by
subjects in the current study was comparable to
that experienced by patients suffering from a
number of common painful clinical conditions
[20].

The hypoalgesic effect in the current study
wasg apparently most noticeable at the 4- and
5-min points. This is consistent with the action of
a relatively weak analgesic, which is effective
only at the lower levels of pain, but a further pos-
sibility is that the observed phenomenon is due to
the existence of a therapeutic dosage “window”
for this modality. If the latter were true, this
would imply that the most effective dosages range
between ~10 and 13.5 J/cm?®. However, further
work will be required to discriminate between
these two alternatives.

Results of the current investigation thus
serve to underline the necessity of additional lab-
oratory-based work to definitively establish and
further characterise the analgesic potential of
this relatively new modality. Furthermore, such
an approach would also allow investigation of the
possible relevance of such parameters as irradi-
ance, energy density (radiant exposure), wave-
length, coherence, and other pulse repetition
rates under carefully controlled conditions as a
necessary precursor to any possible future clinical
trials. To this extent the current results can in no
way be seen as a definitive base upon to which to
initiate clinical studies.

Despite the positive finding upon one compo-
nent of the MPQ reported here, two essential ca-
veats need to be stressed with regard to the con-
tinued clinical application of such devices as an
analgesic modality. In the first instance, the cur-
rent study was conducted under experimental
conditions using a single dose of monochromatic
light/laser irradiation. Prudence therefore needs
to be exercised in using such results to support
the clinical application of this treatment. To this
end, and as has already been intimated else-
where, carefully controlled and well-reported
clinical studies represent the ideal method of de-
finitively establishing the clinical efficacy of laser
therapy and as was used here, combined photo-
therapy/laser therapy [2-3, 8]. Furthermore, al-
though not essential to the determination of the
clinical efficacy of this modality, the putative
mechanism of analgesic action of low intensity
monochromatic light/laser irradiation remains
unclear and thus contributes to the scepticism
surrounding this area. Systematic investigations
of the neurophysiological effects of monochro-
matic light and laser should therefore form an
essential component of any future research initia-
tive within this field. To this end, recent research
at this centre has demonstrated the potential neu-
rophysiological effects of low intensity laser irra-
diation where appropriate irradiation parameters
are used. Findings include significant laser-medi-
ated increases in antidromic conduction latencies
in the human median in vivo [30], conduction la-
tencies in the frog sciatic nerve in vitro [31], and
In intraneural microstimulation evoked pain
thresholds [32]. Thus, whereas the current results
would in no way refute Devor’s recent comments
[5], it would appear that further controlled stud-
ies are indicated definitively to establish, or oth-
erwise, what such devices might be able to offer
for the treatment of the patient in pain.
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