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Abstract: Patients affected with symptomatic osteoarthritis

of the

cervical spine were studied

by

ultrasound

examination. The region of interest was the soft connective
tissue layer above the right and the left superior trapezium
that revealed a significant dffirence in thickness between
the left and right side. The aching side was treated with a
new type of very low-power, modulated laser device for 3
minutes. Immediately after the application the sonographic
examination revealed a significant symmetrization of the
subcutaneous tissue.

assessment of patients recorded the presence
the
right side for 8 patients, on the left side for 2 patients). This
examination was confirmed by a preliminary echographic

of a painful contracture of the trapezium muscle (on

examination that showed

A number of clinical studies have demonstrated the
therapeutic effects of stimulating the intact skin surface by
means of a low-power laser beam, typically in the watt
power range and with visible light. Since the penetration
of the laser beam is likely to be limited to

the

centimeter range, whatever the mechanism of action at the
tissue/molecular level. the natural site of action of the laser
induced phenomena is clearly the soft connective tissue. A
fortiori this is the case with our specific apparatus that uses

a very low power modulated (VLPM) laser in the mW

range. Sonographic analysis is a method of choice for
obtaining qualitative information and quantitative
parameters about the modifications of this tissue in
osteoarthritis [1].

THE DEVICE AND THE CLINICAL METHODS

The VLPM device, model Biolite@ LP020, was
originally designed at the Bioengineering Center in
Arenzano and is currently manufactured by RGM SpA. The

device has the following technical characteristics: (i)
electric power: 5 mW; (tD optical power (continuous
mode): 3 mW; (iii) wavelength: 635 nm; (iv) light spot area
(in immediate vicinity of the device): I mm'. The lightbeam is electronically modulated according to a rectangular
waveform with selectable frequency and duty cycle. The
parameters were chosen after a number of clinical studies
by minimizing the power of the device and optimizing the
modulation parameters in relation with the clinical efficacy.
This study reports objective measurements of the results by
means of sonographic examination in a selected population
of patients.

Patients. The study involved ten female patients with an
age distribution of 57.7+7.6 years. All of them were
affected by osteoarthritis of the cervical spine and presented
the usual symptoms of rigidity and pain induced by lateral
rotation of their cervical columns. mainly in a unilateral

a

sizable thickness difference

(greater on the affeoted side).

Sonographic test. The comparative estimation

of

the

thickness of the subcutaneous soft tissue was then carried
out by means of an echograph by TOSHIBA - ECCOCEE,
Medical System, model SSA-340A, with a manual probe
specifically designed for this kind of analysis, operating at a

frequency

INTRODUCTION

depth

way. Clinical

of 7.5 MHz. In

particular, the measurements

were performed at two symmetric points located at ll3 of
the distance (computed proximally) on the line that joins
the transverse process of the 7ft cervical vertebra to the

apex of the acromion. The probe was positioned in a
parallel way with respect to such lines. In these conditions
the measurements appeared to have a good degree of
repeatability. Possible sources of variability were also
eliminated by having the same experienced operator to
carry out the exam and adopting a uniform schedule: (i)
bilateral echographic examination (basal time), (ii) rest time
of about I min, (lii) laser treatment on the aching side for 3
min, (iv) rest time of about I min, (rv) bilateral echographic
examination (control time).
Treatment. In order to eliminate sources of variability of
the application procedure, a strict paradigm was adopted: (l)
the laser probe was positioned perpendicular to the skin
surface on the aching side, in close proximity but without
contact (in order to avoid unaccounted fluctuations of the
transmitted force, temperature differences of the probe in
subsequent applications etc.); (ii) the probe was kept fixed
for the duration of the application that lasted 3 min; (iii) the
point of application was carefully selected on the line that
joins the spine of the scapula to the acromio-clavicular
articulation (at Ll3 of the distance computed proximally);
(iv) the same physiatrist carried out the application.
In order to evaluate the influence of the modulation
parameters, the patients were divided into two equal groups
of 5 patients, selected randomly and age-matched, with
different modulation parameters'. group A (age distribution
58.2+6.7): impulse duration 0.2 ms, duty cycle l0o/o; group
B (age distribution 57 .2+9.3): impulse duration 1.8 ms, duty
cycle 90oÄ.

In both cases the modulating frequency was 500 Hz. We
selected this figure because in a previous study [2] we
found that the modifications of the bioelectric state of the
soft connective tissue, evaluated by measurements of
conductivity, are maximized at that frequency although do
not depend critically on it. The same study showed also that
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Table I

Group A

Group B P

Mean age

58.2*6.7
57.2+9.2 n.s
Subcutaneous soft -tissue
4.6+0.9
n.s
5.9+1.2
thickness:
$ p<0.01
0 p<0.02
--p<0.01
rieht side at basal time
-'p<0.02
4.8+1.5
Subcutaneous soft -tissue
3.7+0.8
n.s
\p:n.s. \p:n.s.
thickness:
rieht side at control time
4.9+1.1
Subcutaneous soft -tissue
3.611.2
n.s
p:n.S.
thickness:
left side at basal time
n.s.
Subcutaneous soft-tissue
4.6t1.3
3.5+0.8
n.s
thickness:
left side at control time
basal versus contro (righ
risht versus right
rieht side)
side
basal versus control (left versus left side)
--+
right versus left side (basal)
right versus left side (control)

*p:

*

:
* :
:
\ :

placebo applications (with un-modulated or even unactivated stimuli) did not yield any measurable effect. It is
important to note that modulation implies an actual
reduction of the optical power of the stimuli: the effective
power for group A was only 0.3 mW and for group B was
2.7 mW. In the former case, in particular, the light beam
was barely visible.
Figures I and 2 show, for a typical patient, the two pair
of sonograms before and after laser application. The
collected measurements (20 before and 20 after laser

application) were analyzed statistically by using the tfor dependent or independent data, where

student test
appropriate.

RESULTS

of the sonographic measurements are
in Table l. The first set of observations

The results
summarized

(looking at the last column of the table) is that (i) two

groups were age-matched, (il) they were also "pathologymatched" (the average thickness at basal time is statistically
the same), and (iii) the energy level of the stimulus does not
matter (also at controltime the two groups are equivalent).

The influence of the laser application on

both groups of patients, who received the same kind of
stimulus but at a very different level of optical power (with

a ratio of about 1:10 ). In other words, in this study the
effect of the stimulus on the state of the tissue appears to be
basically independent of the stimulus power. Consider for
example the stimulus parameters for the group A of
patients. In this case the power of the incident light is 0.3
mW and the remaining part after the initial skin absorption
is about 0.03 mW. We may get a rough (and optimistic)
estimate of internal thermic effect in the following way:
consider that the spot area is I mm2, the thickness of the
connective tissue is about 5 mm and the light is scattered
inside this tissue. Suppose also, in an extreme case, that all
the energy delivered in the 3 min time of the application
and transmitted internally is totally absorbed by a volume

of 2x2x2:8 mm3. This energy is 0.03x10'3x180:5.4x10-3

joule:

1.3x10-6 Cal; in the extreme adiabatic condition (i.e.
ignoring the caloric diffusion in the tissue bulk) this would

yield a temperature increase of just 0.16o. The real
temperature increase is certainly lower and spread on a
larger volume, thus there is no chance for sizable thermal
effects to directly act on the muscle tissue.

More generally, the studied pathology may

mediated by a "somatic dysfunction". Generally, it implies
a functional alteration or weakened function [3] that can be
treated, at least temporarily, by means of a variety of
techniques that use stimuli of different nature. In order to
outline a theory of the mechanism of action we can note
two relevant facts: (i) the effect is not proportional (or
monotonically related) with respect to the stimulus energy
and (ii) the effect can have significant non local
consequences. Although a reflex neural component of the
mechanism cannot be excluded completely, the two facts
mentioned above, together with the ultra low level of the
stimulus energy, seem to rule out the hypothesis that the

primary effect is the activation of reflex mechanisms.
Rather, the strong non-linearity suggests a trigger effect
through the connective tissue itself that acts as a very
sensitive excitable medium.

soft-tissue

thickness is consistent and statistically highly significant:
(r) in 7ll0 patients (70%) the thickness parameter was
reduced on the side where it was larger at basal time; (ii) in
3/10 patients (30%) the thickness was increased on the side

where was initially deficient;

(iii) for both

groups of

patients the comparison basal time vs. control time is
strongly significant; (iv) the asymmetry of the connective
tissue thickness (difference between right and left sides) is

significant before but not after application.

Fig. I

This study demonstrates that VLPM laser stimuli are
capable to induce measurable modifications of the soft
connective tissues in patients with cervical osteoarthritis. In

a substantial symmetrization of the

thickness

parameter was achieved and this result was the same in

Fig.2
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