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SUMMARY
This paper describes the techniques for controlling pain by the physical means that are most widely used
clinically, particularly in the case of fibromyalgia. They are grouped on the basis of the physical energy used:
mechanical, thermal (including magnetic and electromagnetic), and light (LASER). The main underlying neu-
rophysiological mechanisms are gate activation, the stimulation of descending systems of pain control, and the

endogenous opiate system.
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H INTRODUCTION

he methods so far proposed for control-

ling pain in patients with fibromyalgia
(FM) are essentially based on four compo-
nents: surgery, drugs (including anesthet-
ics), cognitive-behavioural procedures, and
techniques of sensory modulation.
In general, surgery and the destructive
means of pain control (rhizotomy, cordoto-
my, phenolisation and alcohol treatment of
ganglia, thermocoagulation of the trigemi-
nal nucleus, etc.) have very restricted indi-
cations and various limitations, and rarely
lead to adequate and lasting pain control.
Furthermore, neurolesive techniques can
have disastrous effects, such as anaesthesia
dolorosa (1). Although surgical techniques
are not indicated for FM, as shown on the
American College of Rheumatology web-
site (2), some invasive or minimally inva-
sive treatments have been proposed with-
out any scientific support.
The currently used drugs often have poorly
tolerated side effects, but they are capable
of reducing pain in most patients, as dem-
onstrated by systematic reviews of the
literature. Essentially, the four groups of
drugs used for oral administration are anti-
epileptic agents and membrane stabilisers
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(gabapentin, pregabalin, etc.) (3); weak
and strong opioids in non-oncological pain
(ketorolac, tramadol, codeine, morphine,
etc.) (4, 5); serotoninergic, noradrenergic
and combined anti-depressants (venlafax-
ine, duloxetine) (6); and non-steroidal anti-
inflammatory drugs alone or in association
with rehabilitation strategies (7).

Local anaesthetics are, in practice, mem-
brane stabilisers, but they have particularly
useful characteristics and have been found
to be useful in managing neuropathic pain
(8). The local infiltration of anaesthetics is
very frequently used for pain control but,
for technical reasons, this strategy is lim-
ited to localised pain and anatomically ac-
cessible zones. The repeated anaesthetic
blockade of trigger points as in FM should
have the effect of drastically decreasing
the afferent barrage to the spinal cord and,
therefore, contribute to reducing the spinal
phenomena of wind-up and sensitisation,
thus reducing spino-thalamic afferent traf-
fic and perceived pain for a much longer
time than the anaesthetic is active. Recent-
ly botulin toxin has been shown to have
some effect on pain suggesting its potential
specific use in myofascial pain (9).
Cognitive-behavioural techniques are ex-
tremely important in FM. We will here
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mention only the major results of “short
cognitive therapy” in the management of
chronic malignant pain, and in some pain
disorders frequently seen in rehabilitation
settings, such as myofascial pain (10) and
complex regional pain syndromes (11).
There is insufficient clinical evidence con-
cerning the group of so-called mind-body
interventions to support the spread of tech-
niques such as muscle relaxation, medita-
tion, “imagery”, hypnosis, tai-chi, qi-gong
and yoga, although they are suitable for in-
creasing well-being in the elderly (12).

Sensory modulation by physical energy
Any type of exteroceptive or proprioceptive
stimulation is ultimately transformed into
nerve impulses that travel along peripheral
nerves to the neuroaxis, and give rise to a
whole series of electrical events that are de-
coded by the central nervous system on the
basis of the type, frequency, duration and
intensity of the stimulus. Movement (pro-
prioceptive stimulation) and physical ther-
apies (exteroceptive stimulation) therefore
activate different mechanisms depending
on these parameters. There are basically
three systems of pain control: spinal gating
(13), descending inhibitory noxious con-
trol (DINC) systems (14), and the system
of endogenous opiates (15). Extra- synap-
tic or volume transmission is potentially
capable of providing clues to the therapeu-
tic effects of some physical treatments, but
it is still largely a subject of research and,
although its importance can be sensed, it
will not be mentioned any further except as
a possible mechanism. Hypothetical meta-
bolic effects, which in any case act as inter-
mediaries between therapeutic stimuli and
anti-nociceptive nervous responses, will
not be discussed either.

In general, any physical agent that produces
aperceivable stimulus can be classified into
one of two broad groups: physical therapies
that produce non-painful sensations, and
those that induce painful or almost pain-
ful sensations. The former activate large-
diameter, myelinated A-f afferent nerve
fibres, the most important mechanism of
pain control in the spinal cord; the latter in-
clude types of physical energy that produce
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painful or at lest intense sensations, and
predominantly activate descending control
systems such as the DINC and the opiate
system. The predominance of one over the
other is subject to genetic factors (16), gen-
der and individual factors (17).

On the basis of these premises, and given
the specific characteristics of movement
and physical therapies, these two forms of
sensory modulation will be dealt with sepa-
rately.

Physical therapies

Physical therapies are widely used in FM
and have a broad range of thermal, elec-
trical, mechanical and other sources (18).
Some clinical successes have been reported
in the literature, but there is no incontro-
vertible evidence to support the use of spe-
cific physical therapies or specific physical
agents in the treatment of pain in general,
although there is a sufficient theoretical
basis for their use in controlling pain even
in FM patients. One general critical issue
concerning all physical therapies is the de-
livered therapeutic dose. All of the reviews
of published studies highlight the difficulty
of comparing the research results because
of the lack of information about the method
used and, in particular, the physical charac-
teristics of the stimulus (intensity, frequen-
cy, duration, time and site of application).
Another general critical aspect of the use
of physical therapies is the lack of a ratio-
nal combination with drugs. There is solid
evidence that drugs can have both negative
and positive effects on some physical ther-
apies: e.g. it is known that benzodiazepines
negatively influence acupuncture (19), and
that serotonin (and therefore serotoninergic
anti-depressants) have a potentiating effect
(20). With this background, a therapeutic
approach based on pain mechanisms seems
to be the only way of ensuring the correct
clinical use of all of the possible physical
therapies for pain (18, 21). It is important
to remember that, whatever form of en-
ergy is applied, this energy is transformed
into impulses that travel along a peripheral
nerve to the central nervous system, where
they have their main effect. It is therefore
not so much the type of energy that is im-
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portant, but the neurophysiological target
of the stimulation and the possible use of
appropriate pharmacological support.

Almost all physical therapies have been
applied to FM (18). A traditional clas-
sification distinguishes: manual therapy
(therapeutic exercise, massage, manipula-
tions, etc.), mechanical therapy (traction,
compression, vibration, etc.), superficial
heat (dry and humid) and deep heat ther-
apy (short wave and microwave diathermy,
ultrasound); cold therapy (cooling sprays,
bricks of pre-frozen substances, ice cube
massage, hypothermia); and electrical ther-
apy with alternating currents (faradic, sinu-
soidal, Transcutaneous Electrical Nerve
Stimulator (TENS), efc.) or direct currents
(galvanic). However, another way of clas-
sifying physical therapies, and one that is
perhaps closer to the underlying mecha-
nisms of action and concepts set out at the
beginning of this paper, is to distinguish
the therapies on the basis of the type of
energy used: mechanical, thermal, electri-
cal (including magnetotherapy and electro-
magnetotherapy), and light (LASER).

Mechanical energy

This group includes manual therapies
(joint manipulation, osteopathy, mobilisa-
tion), massage, ultrasound, shock waves
and vibration. The reason for this choice is
that these techniques share the same neuro-
physiological mechanisms of pain control.

Manipulation-mobilisation

The rationale underlying the undeniable
success of manual therapy in some cases,
particularly osteopathy (22) and vertebral
manipulation (23), has not changed much
over the years (24). The first tentative ex-
planations included fairly empirical con-
cepts that were never demonstrated, such
as articular and postural adjustments, resto-
ration of bone alignment, and reduced disc
bulging in the case of vertebral manipula-
tion. Subsequently, a conceptual shift led
to it being considered that manual therapy
was capable of modifying the biology of
collagen and muscle, and a generic require-
ment to maintain joint function was thought
to be important to preserve high functional

levels throughout life. These are certainly
important effects that deserve further in-
vestigation, but they do nothing to explain
the often exceptional results that manipula-
tion and mobilisation have on pain, nor in
which patients or in what types of disorders
they have the best results (25).

Any type of manipulation or mobilisation
of joint heads is capable of sending a brief
but very powerful mechanoreceptor input
to the spinal cord through the rich exter-
nal and proprioceptive innervation of the
joints. This input travels along the fast-con-
ducting, large diameter (A- §)sensory nerve
fibres. The involvement of fast systems of
pain control was demonstrated by an ele-
gant experimental model and, in humans, it
was shown that a single mobilisation could
immediately raise the pressure pain thresh-
old of a muscle of the same metamere as
that mobilised (26). Metamerism and a fast
onset of effect are characteristics of spinal
gating. These neurophysiological findings
are indirectly supported by the clinical
and empirical idea of the “rule of no pain”
(23), according to which any type of ver-
tebral mobilisation must not cause pain.
The “rule of no pain” adds the activation
of afferent systems not related to nocicep-
tion to the other typical characteristics of
gating. Although some researchers have
suggested that manipulation may mediate
endorphinergic activity (25), this has never
been demonstrated. The reduction in pain
induced by endorphin production could
be related to a placebo effect (27) and pa-
tient expectations (28). The possibility of
a placebo-induced release of endorphins is
common to all the cognitive behavioural
techniques and physical therapies.

Massage

The hands and manual massage are cer-
tainly the oldest therapeutic instrument
ever used by man; nevertheless, the physi-
ological basis of the effect of massage has
not yet been fully clarified (29) although
there seem to be local and reflex action
(30) probably related to arousal phenom-
ena. In animals, a mechanoreceptor-trans-
duced tactile stimulus such as suckling dur-
ing lactation induces the production of the
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neurohormone oxytocin by means of a fre-
quency-dependent mechanism (31). This
suggests that appropriate tactile stimuli can
have very different actions from classical
local stimuli. One of the best known and
accredited forms of massage is the “re-
flex connective tissue massage” or “Bin-
degewebsmassage” (32), which requires
semeiologically precise verification of the
type and intensity of the stimulus deliv-
ered. Other types of massage that are only
based on the sensitivity of the masseur’s
hands do not enable any type of standar-
disation or harmonisation of the amount of
energy/therapy delivered, and will not be
considered here, although it is reasonable
to suppose that they may act by means of
the same mechanisms. The technique of
Teirich-Leube and Dicke has two compo-
nents: “superficial stimulation” and “deep
stimulation”(32). If correctly performed,
the first produces a sensation of fluttering
by means of stroking, and the second cre-
ates the sensation of a sharp cut in the skin.
Both sensations are clearly perceptible to
patients, who can describe them, thus en-
abling a physiotherapist to be certain that
an adequate mechanical stimulus is be-
ing delivered. From a neurophysiological
point of view, the fluttering is related to
the stimulation of slowly adapting mecha-
noreceptors and transmitted by A-f§ fibres
(33), whereas the (almost painful) cutting
sensation, is transmitted by the A-A fibres
connected to free nerve endings. It is clear
that here there are the conditions for both
the activation of spinal gating, and a type of
counter-irritation (34) activating the DINC
and opiatergic systems.

Vibration

When a mechanical vibratory stimulus is
applied to the tendon of a muscle, it causes
a barrage of impulses along the large-diam-
eter Ia afferent nerve fibres, thus mimick-
ing what occurs in normal isometric mus-
cle contraction. From this point of view,
vibration and movement share the same af-
ferent mechanism of activating gating (35).
Similarly, vibration and massage share
afferents mediated by Pacini corpuscles:
regardless of whether the source is a me-
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chanical, pneumatic or “manual” vibrator,
when the stimulus supplied is around 40
Hz, the sensation evoked is that of a flutter
(36). True sensations of vibration occur at
higher frequencies, with optimal receptor
responses between 200 and 300 Hz (37). A
vibration stimulus is a very potent genera-
tor of sensory afferents, and is capable of
inhibiting spinal nociceptive reflexes (38).
The vibration-induced activation of gating
is frequency related. Vibration has been
used with positive effects on pain (39) and
movement (40). Like vibration, TENS ac-
tivates spinal gating, but another similarity
between the two is widespread confusion
regarding the frequency and amplitude of
the stimulus. The use of pneumatic vibra-
tors capable of delivering very high fre-
quency (200-300 Hz) stimuli, a technology
that was confined to physiology laborato-
ries until a few years ago, currently seems
to be giving new impetus to the vibratory
treatment of pain. Thus the possibility of
using mechanical vibratory stimuli in FM
relies on the double effect of vibration on
fatigue and pain perception (41).
Ultrasounds are high frequency sonic vi-
brations (16,000 Hz.) and should therefore
theoretically be included in this section
concerning vibratory stimuli in general.
However, their essential action is to pro-
duce heat and increase the temperature of
deep tissues; there is no concerning the ac-
tion of ultrasonic vibrations through mech-
anoreceptors.

Shock waves

The stimulus of high-energy acoustic
waves generated in various ways (electro-
dynamically, electromagnetically or piezo-
electrically) is transmitted through mecha-
noreceptors and perceived by subjects as
being considerably intense. Shock waves
are therefore considered in the group of
counter-irritation therapies. The analgesic
effect of shock waves involves the activa-
tion of the descending mechanisms of pain
control (DINC) and the system of endog-
enous opiates. Although there are no data
concerning the type of neuropeptides stim-
ulated by this type of therapy, the effects
are probably mediated by [(-endorphins
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rather than dynorphins. Experience in large
animals has shown the onset of an analge-
sic effect 15 min after the application of
the stimulus, thus leading to the hypothesis
that other types of rapidly onset analgesic
activity my also play a role (42). The albeit
slight analgesic activity of extra-corporeal
shock waves seems to be confirmed by re-
cent meta-analyses (43).

Thermal energy

Thermotherapy involves the application of
heat or cold for therapeutic purposes, and
are both thought to have a direct analgesic
effect mediated by mechanisms of counter-
irritation (44). However, precisely because
thermal energy can evoke painful or almost
painful sensations, they must be used very
close to the threshold of tissue damage.
From a theoretical point of view, thermo-
therapy has many limitations and its use is
always related to the patient’s choice.

Heat

Moderate heat lowers the threshold of ex-
citability of mechanoreceptors, thus mak-
ing them more sensitive (45). Only at a
temperature of about 47-49°C do mecha-
noreceptors become less excitable, but
these temperatures are neither reached nor
tolerates by patients in a clinical setting,
especially fibromyalgic patients. Further-
more, the progressive breakdown of cell
membranes and enzymes, and their almost
total inactivation at such temperatures,
could mediate the production of heat shock
proteins, which are involved in functions
that are essential for cell survival.
Although the marked anti-inflammatory
activity of heat therapy in rheumatoid ar-
thritis has been demonstrated (46), there
are no studies that have directly correlated
this treatment with a reduction in pain.
However, heat therapy continues to be
widely used in painful bone and joint dis-
orders, as well as low back pain, although
the published results are still inconclusive
(47). The effects of heat delivered systemi-
cally (as in the case of a sauna or steam
bath), or locally to the body’s surface, are
essentially linked to the sphere of subjec-
tive well-being and a certain local vasodi-

latory action; the data concerning the an-
algesic mechanism of action and efficacy
of these techniques are almost completely
anecdotal.

Such sources of heat (like others such as
paraffin gloves and heat pads) induce an
exogenous increase in surface temperature,
but there are other methods of generating
heat that raise the temperature of tissues by
means of the Joule effect. These methods
are endogenous producers of heat based
on equipment that generates short waves
(Marconi therapy), microwaves (radar ther-
apy and hyperthermia), and diathermy. Ob-
viously, not all of the physical phenomena
induced by heat through the Joule effect
are therapeutically important, but some lo-
cal and systemic effects could have a cer-
tain biological relevance, particularly local
effects on cell metabolism, blood flow and
connective tissue. The metabolism of a cell
exposed to heat can increase by as much
as 13% with every degree Celsius and, if
appropriately channelled, this potent meta-
bolic activity could activate mechanisms of
cell self-repair (44). It has not been dem-
onstrated that these metabolic effects are
directly related to an effect on pain.

One particular case of the production of en-
dogenous heat is that of diathermy, which
is produced by means of “combined ca-
pacitive/resistive therapy” at fixed or vari-
able frequencies that can range from 100
to 850 kHz. Although it seems that there
have already been positive clinical results,
there are no published data concerning the
percentage success rate of the treatment. In
particular, there are no data concerning the
specific therapeutic aspects affected by the
various frequencies, or concerning which
tissues to target, or what disorders to treat.

Cold

Both heat and cold can increase or decrease
the speed of peripheral nerve conduction
with a Gaussian relationship (48), and so
both could have direct effects on the bal-
ance of afferents to the spinal gate, and ulti-
mately contribute to strengthening the gate.
Cold can induce reactive vasodilation and
the production of inflammatory mediators
(49) that could aggravate an underlying



Neurophysiological background for physical therapies in filoromyalgia

inflammatory condition. Furthermore, in-
appropriate exposure to cold leads to the
formation of ice crystals that increase the
osmolarity of extracellular fluids and cause
intracellular dehydration and cell damage
(49). Nevertheless, cold has a niche in the
short-term control of acute pain, such as
dental pain. In this setting, the application
of ice to an acupuncture site on the hand ip-
silateral or contralateral to the pain can re-
duce its intensity by 50% (50) and, in some
patients with low back pain, can be supe-
rior to TENS (51). The application of cold
in the form of massages with ice certainly
has a statistically positive action on range
of movement and inflammatory oedema
in patients with osteoarthritis but, unfor-
tunately, not on pain. Cold is also widely
used because its action on neuromuscular
spindles causes a clinical reduction in mus-
cle tone (44). However, once again, there
are no data concerning any direct influence
pain transmission systems.

Electrical energy - electrotherapy
Electrotherapy covers an innumerable se-
ries of techniques based on passing an elec-
trical current through the human body. Al-
though instruments that generate all types
of waves and frequencies are available, the
currents can basically be divided into di-
rect and alternating currents. Among the
latter, TENS is the most widely used and
gives the best clinical results, although a
systematic analysis of the published does
not allow any final conclusions to be drawn
because of a lack of information concern-
ing stimulation frequencies (52).

There are essentially two types of TENS
in clinical practice, which have different
mechanisms of action in relieving pain.
High-frequency TENS (100-200 Hz)
(TENS-HF) delivered at low intensity (un-
der the level of muscle contraction) mainly
acts by recruiting the highly myelinated
A-p afferents related to spinal gating. It
has a rapid onset of action that produces a
strong (but not painful) tingling sensation,
but has a short-lasting effect that is also lim-
ited to the stimulated metamere. TENS-HF
does not affect peripheral nerve conduction
(53). On the contrary, low-frequency (2-10
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Hz), high-intensity TENS (34) is a frankly
painful stimulus that is always accompa-
nied by intense muscle contraction, and is
therefore known as acupuncture-like TENS
(TENS-A). It induces analgesia more slow-
ly, but the analgesic effect is longer lasting
and extends beyond the treated metamere.
If electrical stimulation is applied percuta-
neously through a needle, the technique is
called electroacupuncture, which does not
differ from TENS-A except for the lower
intensity of the currents that can be used.
The effect of such techniques is mainly
based on the involvement of opiatergic
systems. In humans, the intravenous injec-
tion of small doses of the opiate antagonist
naloxone can antagonise the analgesia pro-
duced by TENS-A, but not that produced
by TENS-HF. This has led to the hypoth-
esis that their mechanism of analgesia are
different: an opiatergic action for TENS-A
but not for TENS-HF, as the analgesia it
induces is not reversed by naloxone (54).
In vitro experiments using specific antago-
nists for the different opiate receptor sub-
types have confirmed that low-frequency
electrical stimulation induces the activation
of u and 9§ receptors and the production of
-endorphin, and is antagonised by nalox-
one but, although high-frequency stimula-
tion also induces the activation of endog-
enous opiates, the analgesia is not sensitive
to naloxone because it involves K receptors
and dynorphins that are not antagonised
by naloxone (41). From a pragmatic point
of view, if the aim is to activate all three
receptor subtypes (U, 8 and k) simultane-
ously, it would be necessary to combine
high- and low-frequency stimuli (41).

It has been ascertained that other neu-
rotransmitters are involved in anti-nocicep-
tion and, particularly, the analgesic use of
electrical currents. It has also been recently
shown that GABAergic mediation plays
a role in the effects of electrical currents,
regardless of their frequency (55) or wave
form (56).

One critical parameter is the intensity of
stimulation that can be used in man: in
vitro experiments are one thing but, in a
clinical setting, intensities delivered at low
frequencies are no longer tolerated if they
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are combined with high frequencies. Given
the complexity of the interactions between
spinal gating and the descending systems
of pain control, and the differences in
their activation, it is clear that any attempt
to manipulate them without understand-
ing their mechanisms of action in differ-
ent diseases, and in the absence of a cor-
rect classification of the type of pain to be
treated, will lead to disappointing results.
One clear demonstration of the importance
of a correct diagnosis and the consequent
choice of technique has been provided by a
meta-analysis showing that, although both
TENS-HF and TENS-A have a positive ef-
fect on low back pain, there is a clear dif-
ference in favour of TENS-A (45.80% vs
86.70%) (57).

The evolutions of TENS include implanted
perineural and subcutaneous stimulators,
and techniques in which the electrodes are
inserted into the peridural space instead of
being placed on or penetrating the skin. The
analgesic results of these relatively simple
techniques are virtually the same, but it is
also possible to obtain therapeutic effects
in the case of muscle tone disorders such
as spinal spasticity. Other methods of sup-
plying an electrical current through an elec-
tro-conductive glove have been recently
proposed (TENS-touch mode), a techno-
logical revival that has been made possible
as better electrical coupling has surpassed
the concept of static electrode application.
Another recently introduced analgesic elec-
trotherapy is “scrambler therapy”, in which
the frequencies and intensities are delivered
in a “quasi-stochastic” manner. However,
no adequate clinical data are available for
either technique. Interferential currents
have substantially the same analgesic effect
as TENS-HF, and act on the same neuro-
physiological mechanisms (58).

In brief, like those of acupuncture, the re-
sults of TENS are determined by the per-
ceived intensity of the stimulation (the
sensation of te-chi in traditional Chinese
acupuncture) and the frequency of the
stimulation (TENS-HF vs TENS-A). Af-
ferent fibres from the periphery arrive at
the spinal gate, where different and potent
endogenous inhibitory systems can play a

modulating role. In animals, different fre-
quencies of stimulation seem to activate
specific central nervous system structures
and different mechanisms of producing en-
dogenous opiates, with presumably differ-
ent effects on clinical pain mediated by en-
cephalins, dynorphins or their spinal syn-
ergism (41). These different actions could
justify the clinical use of alternating bursts
of high and low frequency TENS, and also
raise unanswered questions about the pos-
sible differential production of endogenous
opiates induced by other forms of frequen-
cy-dependent physical therapy.

The only rational application of direct cur-
rents is iontophoresis, which makes it pos-
sible to deliver small molecules (such as
lidocaine) or more complex molecules into
the deep tissues, albeit in an uncontrolled
manner. Rapid advances in microelectron-
ics, nanotechnology and the miniaturisa-
tion of electromedical devices has opened
up the way to new systems that can vehicle
drugs, such as fentanyl, and simultaneously
optimise the amount of drug released (59) .

Electromagnetic energy

Magnetotherapy is based on the physical
principle of electromagnetic induction:
an electrical current passing through any
conductor generates a magnetic field, the
intensity of which is inversely proportion-
al to the length of the conductor. The lit-
erature contains descriptions of the use of
low- frequency magnetic fields (<100 Hz)
at intensities of 1-100 Gauss, and high-fre-
quency magnetic fields (up to 20 MHz) at
low intensity (60). Exactly how these in-
duce a clinically appreciable reduction in
pain has not yet been clarified.

The biological effects of the application of
a magnetic field to cells range from altered
cell proliferation to changes in transmem-
brane ion flow. The cell membrane and its
voltage-dependent ion channels seem to be
the main points of action (61). Our previous
considerations concerning possible differ-
ences in the endogenous opiate production
stimulated by different frequencies, and the
importance of the intensity of the stimulus
to evoke spinal gating rather than the pro-
duction of opiates, also apply to magneto-
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therapy. A pilot study by Markov’s group
found that this technique was efficacious in
uncomplicated low back pain.

The possibility that magnetotherapy might
distort the electromagnetic field of cells,
and thus influence neurohormonal patterns
or mechanisms of volumetric extra-syn-
aptic transport should also be considered.
There are data indicating that the former
effect does not occur (62), whereas there is
no information concerning the latter.

Light energy - LASER

LASER is the acronym of “light amplifica-
tion by stimulated emission of radiation”.
The most important characteristic of this
form of energy is the wave length, which
conditions the capacity of radiation to cross
and be absorbed by tissues, and therefore
the type of tissue the radiation reaches and
the conditions that can be treated. Another
important parameter is power: the greater
the power, the greater the energy that can
be transferred to deep tissues. One pos-
sible classification of the various types of
LASER can therefore be based primar-
ily on the wavelength emitted, as a func-
tion of the tissues to irradiate, and power
rather than the type of technology used
(solid-state, gaseous, semi-conductance).
The best wavelengths for clinical use are
those within the “therapeutic window” of
600-1100 nm. The most modern equipment
combines emissions at 810 nm and 980 nm
or 1064 nm in order to ensure less scatter-
ing by water, haemoglobin and pigments,
all of which act as acceptors of the light
and prevent the irradiation of tissues. Using
these wavelengths at high intensities, tissue
layers can be reached that would otherwise
be inaccessible. LASER has been accred-
ited as having bio-stimulatory effects by
stimulating molecules called photo accep-
tors (cytochrome C oxidases) of the intra-
cellular respiratory chain. At cell level, the
proposed mechanisms are an effect on the
redox state and superoxide anions, and a
local micro-thermal effect (63) when lower
power in the order of a few micro-watts is
used. The currently available high-power
equipment (15-25 W) amplifies this ef-
fect and spreads it into deep tissues. The
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effect of LASER on nitric oxide is particu-
larly important because this molecule is
involved in the transmission of pain (64).
In relation to the therapeutic effect of LA-
SER on nociception and anti-nociception,
it has been demonstrated that exposure of
the (sensory) dorsal ganglia inhibits the
excitatory action of bradykinin, thus sup-
pressing the transmission of impulses along
the primary sensory afferents (65). LASER
can also inhibit pro-algogenic substances
in free nerve endings in the presence of
inflammation (66) and, very interestingly,
activate descending pain control systems.
One factor that seems to be very important
in determining the therapeutic effects of
LASER is the method of emission: pulsed
( predominantly photomechanical) or con-
tinuous.

As in the case of the other physical therapy
techniques, the conclusions emerging from
meta-analyses of LASER highlight the lack
of information concerning the methods
used, the small number of subjects studied,
and the need to obtain more data on the ef-
fects of different doses. Nevertheless, even
the systematic reviews show a degree of
concordance about the efficacy of LASER
in controlling pain (67). It has recently
been demonstrated that LASER can reduce
pain and also improve neurophysiological
parameters when combined 830 and 1064
nm high-intensity LASER is used (68).

H CONTRAINDICATIONS,
WARNINGS, ERRORS
AND SIDE EFFECTS

Every effective pharmacological therapy
has contraindications and this universally
recognised idea has been simply transferred
to physical therapies without making due
distinctions. Furthermore, the contraindi-
cations to physical therapies given in text-
books range from local conditions that pre-
vent their application, to cancer, pacemak-
ers, tuberculosis, multiple sclerosis, myas-
thenia, parkinsonism, bleeding disorders,
metabolic diseases, pregnancy, etc. There
is a degree of concordance in the literature
about the contraindications to certain phys-
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ical therapies, such as superficial and deep
(ultrasound) thermotherapy, but the data
always come from earlier studies and the
bibliographical references are very differ-
ent and not unequivocal (69). This suggests
that the contraindications have been “hand-
ed down” from one publication to another,
in a rather anecdotal manner without any
real investigation into the problem. In any
case, the conditions contraindicating the
use of any given physical therapy should
be scrupulously evaluated, and the specific
therapies prescribed should be chosen on
the basis of published data. Nevertheless,
in the absence of a demonstrated cause-ef-
fect relationship between the use of a treat-
ment and the appearance of a complication
or the worsening of a pre-existing condi-
tion, many contraindications seem to be
more a medico-legal safeguard than a real
problem.

Iatrogenic conditions caused by the wrong
choice and/or incorrect application of a
technique should also be considered as it
goes without saying that these can unfor-
tunately occur, and indeed often do when
using the techniques of osteopathy and ver-
tebral manipulation (70).

In order to reduce errors, some real but
often ignored contraindications should be
considered. In order to work, a physical
therapy must provide the central nervous
system with useful signals that can be deci-
phered in terms of the frequency, duration
and intensity of the stimulation. Any lesion
of the central or peripheral afferent sensory
pathways is therefore a potential contra-
indication that requires careful evaluation
because, in the absence of an afferent path-
way or the presence of an altered pathway,
the stimulus cannot reach its target or, if it
does, may transmit distorted (and therefore
not useful) or even harmful information.
Furthermore, the application of a physical
stimulus to an area of anaesthesia or hypo-
aesthesia is dangerous because, as there is
a sensory disorder, it is easy to cause iatro-
genic damage by using excessive stimula-
tion. This danger also exists when treating
children, the elderly or patients with cogni-
tive deficits who are unable to describe the
evoked sensation correctly. There are no

R. Casale, F. Atzeni, P. Sarzi-Puttini

reliable published data concerning side ef-
fects or statistics to. The best-known clini-
cal side effects are those due to activation
of the autonomic nervous system, such as
sweating and piloerection, sometimes as-
sociated with rotational vertigo, nausea
and, in some cases, vomiting. The effects
on sympatho-vagal balance, such as those
caused by TENS (71), are less clear.

H A POSSIBLE CONCLUSION

All physical therapies are capable of hav-
ing a clinical, anti-nociceptive action that
can be perceived by patients and recorded
by physicians (18, 21). However, when
seeking the pathophysiological basis un-
derlying these undeniable improvements,
one is often left floundering in a search for
unlikely mechanisms. Systematic reviews
have shown that, in practice, there is a sub-
stantial lack of data, although it needs to
be stressed that not even the results of Co-
chrane Library reviews are free from criti-
cism (72).

In conclusion, this only apparently severely
critical paper has the purpose of clearing
the field of the usual “metabolic” theories
(proven only in rare cases such as LASER)
in order to examine physical therapies from
the point of view of the nervous system and
its interactions with the neuroendocrine
system. The nervous system is a plastic
and modifiable place in which all sensory
afferents are integrated, with sometimes
potentiating and sometimes inhibiting ef-
fects. Without these properties, which pres-
ent throughout our lifetimes, any treatment
based on the transmission of sensory inputs
to a system would be doomed to failure from
the outset, as would physical therapies and
the rehabilitation of neurological lesions.
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