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ABSTRACT

This commentary provides the authors’ point of
view about the biopsychosocial perspective of
placebo effect on musculoskeletal pain in the
rehabilitation field.
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Key Summary Points

Rehabilitation interventions, including
physical therapies, play a leading role in
the management of musculoskeletal pain,
though their effects should still be
clarified.

It is often argued that the effects of
rehabilitation interventions are due to the
‘‘placebo effect’’. This commentary
provides the biopsychosocial perspective
of placebo effect on musculoskeletal pain
in rehabilitation.

In randomized controlled trials performed
in a rehabilitation setting, for patients
included in the placebo group (untreated
or receiving sham physical therapy), there
are beneficial physiological and
psychological reactions due to the
personality of the patient, the relationship
between the therapist and the patient, the
type of environment and location where
rehabilitation is provided, the use of
complicated devices or equipment, and
the patient’s expectations of
improvement and/or recovery. The
neurophysiological basis of a placebo
effect in rehabilitation concerns psycho-
neuro-endocrine-immunology.

Psychological mechanisms can induce a
therapeutic effect in chronic pain
conditions through the conscious
anticipation of the benefit induced by the
therapy, the conscious conditioning due
to the sight of sophisticated instruments,
and the unconditioned stimulus due to
the administration of therapy.
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Placebo analgesia results from different
pain modulation mechanisms: the
activation of descending circuits
involving the dorsolateral prefrontal
cortex, rostral anterior cingulate cortex,
and periaqueductal gray; the modulation
of pain processing by inhibiting the
middle and posterior cingulate cortex,
insula and thalamus; the inhibition of
cholecystokinin (CCK); the activation of
endocannabinoid system; and the
modulation of prostaglandins synthesis.

COMMENTARY

Rehabilitation is a complex process that uses
different methods in terms of mechanisms of
action and therapeutic efficacy; among these,
physical therapy (PT) plays a leading role but is
probably also the one that most perplexes those
who try to give a solid scientific consistency to
anecdotal therapeutic experiences. There is no
doubt that PTs, such as therapeutic exercise and
physical agents (e.g., TENS, laser therapy, mag-
netotherapy), improve persistent muscu-
loskeletal pain in most of the patients treated,
but still today we are not able to clarify the
mechanisms by which these treatments often
lead to symptomatic and functional improve-
ments of the medical condition for which they
were prescribed [1, 2].

It is very often argued that the effects of
these interventions are due to the ‘‘placebo
effect’’. The word placebo appears for the first
time in a medical scientific document in
Motherby’s New Medical Dictionary (1785), in
which it is identified as a common medical
practice [3], unlike what was described 50 years
later by the Oxford Medical Dictionary, which
defines it as a ‘‘Therapeutic activity
attributable solely to the imagination, essen-
tially a therapeutic illusion’’.

The placebo effect is evoked when a fictitious
therapeutic intervention causes an improve-
ment in a patient’s condition due to mental

mechanisms associated with the therapeutic act
[4].

A placebo is commonly used in the family
management of non-severe illnesses (e.g., the
sugar pill), or sometimes even in a hospital
setting (isotonic saline solution) [5]. On the
other hand, the placebo effect is also recognized
in part in complex treatments, including some
mini-invasive techniques (intra-articular injec-
tion) or surgical techniques [6].

Normally, the concept of placebo is associ-
ated with an inert substance which is adminis-
tered to the patient for the psychological effects
it may have, or for research purposes in ran-
domized controlled trials (RCTs) that test new
pharmacological substances where the placebo
is given to the control group [7].

In rehabilitation, the control group usually
consists of patients who are not treated with
‘‘usual care’’ or are not treated at all. Surpris-
ingly, even in untreated subjects, as well as in
those who receive inert substances in RCTs,
significant improvements of the clinical condi-
tion being treated are often reported. In these
individuals, physiological and psychological
reactions occur which are associated with dif-
ferent factors, such as the personality of the
patient, the relationship between the therapist
(both doctor and physical therapist) and the
patient, the setting of the rehabilitation treat-
ment, including the type of environment and
location, the patient’s expectations of
improvement and/or recovery, and familiarity/
ecology of the rehabilitation method/technique
adopted [8]. Just as in drug therapy, where a
non-secondary role of the ‘‘psychological’’
component in providing the desired effect is
reported, even more so in rehabilitation medi-
cine, there may be unexpected effects of inter-
ventions administered, for example, on a
manual mechanical approach.

Pharmacological studies have shown that the
administration of an inert substance can acti-
vate the endogenous and opioid system and the
endocannabinoid system [9]. For example, in
the opioid system, conditioning protocols that
used opioid drugs like morphine to activate a
placebo analgesia proved that a l-opioid
antagonist like naloxone produced a block of
the effect of placebo analgesia. Similarly, in the
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cannabinoid system, drugs like ketorolac that
activate the placebo analgesia were blocked by a
CB1-antagonist, for example, rimonabant. In
the study of pro-nociceptive cholecystokinin
(CCK), it has been shown that CCK antagonists
(i.e., proglumide) increase the placebo analgesia
while CCK-2 agonists (i.e., pentagastrin) block
it. An important discovery is that placebos and
nocebos modulate the synthesis of pros-
taglandins which are the focus of anti-inflam-
matory drugs.

In summary, these studies show that both
inert substances and drugs can have similar
biochemical effects. It has been observed that,
when patients were informed of possible side
effects of a treatment, their negative expecta-
tions contributed to significantly increasing the
frequency of the adverse effects. For example, in
a study in which patients with benign prostatic
hypertrophy were treated with finasteride,
when they were informed of erectile dysfunc-
tion (ED) as a possible side effect, this was
reported 3 times more often than when it was
not mentioned [10]. In another study, patients
treated with the b-blocker atenolol, exhibited
ED only in 3.1% of the cases when they were
unaware of the name of the drug, 15.6% when
they knew the name but not the potential side
effects, and 31.2% when they were told both the
name and the possible ED, which shows a sig-
nificant increase while the same drug was being
used but the patients were differently informed
[11]. These studies demonstrate how, for some
side effects, the patient’s knowledge of potential
adverse events can influence and remarkably
increase the chances of these events happening.

Research in recent years has sought to better
understand the neurophysiological basis of this
phenomenon within a new discipline, which
brings together neurology, endocrinology,
immunology, and psychology under the decid-
edly complex term of psycho-neuro-endocrine-
immunology [12]. It has, however, now been
established that within the placebo effect are
included symptomatic and functional
improvements due to various factors, such as
the possibly spontaneous remission of the
symptoms characterizing the pathological pro-
cess (i.e., natural history); the phenomenon of
regression for which, if a symptom is close to its

maximum intensity during the first evaluation,
it will presumably be of lesser intensity at the
subsequent evaluation; the operator-dependent
variability in detection of the symptoms; and
undeclared factors, such as dietary or lifestyle
changes that can improve the clinical picture
[13]. All these factors can therefore alter the
outcome when evaluating the efficacy of the
placebo in a clinical trial. Another interesting
issue which may cause confusion in the evalu-
ation of efficacy is the ‘‘Hawthorne effect’’,
which refers to a behavioral change that occurs
in an individual when he is aware that he is
being observed, as occurs during experimental
research. This phenomenon was discovered
during research on the possible relationship
between the work environment and the pro-
ductivity of workers at the Hawthorne plant of
Western Electric. The typists and workers who
were the object of the researchers’ attention
produced more because they were chosen from
the others [14]. Similarly, the subjects of a trial
show improvements simply because they have
been recruited and are the object of the atten-
tion of the researchers. An important factor that
plays a leading role in the genesis of a ‘‘placebo
effect’’ during rehabilitation therapy (manual or
instrumental) is the psychosocial context, in
which both the patient and the rehabilitative
process are placed, and includes the location
where rehabilitation takes place (hospital, out-
patient, home), the attitude and approach of
the therapist, the use of sophisticated devices or
equipment, and so on [15]. Psychological
mechanisms that can induce a therapeutic
effect are also to be considered, especially in
complex and challenging conditions, such as
chronic pain. In this context, the conscious
anticipation consists of the patient’s positive
expectation and consequent anticipation of the
benefit induced by the therapy, while in the
conscious conditioning, simply the sight of
sophisticated instruments induces a condi-
tioned stimulus that, associated with the
unconditioned stimulus of the actual adminis-
tration of therapy, can induce a clinical
improvement.

If the psychosocial context of the rehabili-
tation treatment could play a role in the genesis
of the placebo effect, particularly in chronic
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pain syndromes, a context perceived as negative
could give rise to negative expectations and
results (‘‘nocebo effects’’). In fact, negative
expectations can bring about a rise in pain and
make analgesic drugs less effective. This is
referred as nocebo hyperalgesia, which has been
shown through brain imaging techniques and
can last for many months [16]. For example, if
the patient is informed of an initial increase in
pain during the administration of rehabilitation
treatment, this may induce hyperalgesia, which
is modulated by CCK, with consequent increase
in CCK-dependent anxiety [9]. The planning of
rehabilitation interventions should consider the
possible roles of placebo and nocebo mecha-
nisms, considering that the therapeutic out-
come of a rehabilitation process depends on the
combination of different variables (e.g., real
efficacy of the treatment, contextual factors,
placebo effect). It would be extremely useful to
accurately investigate these factors in the reha-
bilitation context, for example, by designing
RCTs in which patients treated with the same
rehabilitation method are compared in different
contexts and for which a different impact of the
placebo effect is therefore assumed.

Concerning the biology of placebo, neu-
roimaging studies have shown that placebo
analgesia and opioid analgesia share a common
neural mechanism. A placebo activates a
descending pain modulation circuit that uses
endogenous opioids as neuromodulators which
involves activation of the dorsolateral pre-
frontal cortex , the rostral anterior cingulate
cortex, and the periaqueductal gray. Further-
more, placebo administration inhibits the mid-
dle and posterior cingulate cortex, the insula
and the thalamus, which are involved in pain
processing [17]. It should be noted that the
opioid systems activated with a placebo affect
not only pain modulation but also respiration,
and autonomic nervous system functions.

The inhibition of the anti-opioid activity of
CCK further improves placebo-induced analge-
sia [18]. Moreover, non-opioid-mediated
mechanisms modulate the placebo effect, such
as those involved in hormonal control [19],
while the non-secondary role of endocannabi-
noids in placebo-induced analgesia has also
been hypothesized [20]. Finally, genetic

variants, defined as ‘‘placebome’’, seem to affect
the placebo effect, particularly gene polymor-
phisms of endogenous opioids, dopamine, and
endocannabinoids in the central nervous sys-
tem, suggesting a genetic predisposition to
enhanced placebo responses [19].

There are few studies on the placebo effect
on physical therapies (Table 1), but there are
some RCTs which have compared PTs versus
placebo. For example, one study evaluated TENS
versus placebo analgesia in young and the
elderly. Unlike the young, old people showed a
significant pain decrease after placebo treat-
ment (15% vs. 40% pain reduction) (p\0.05)
[21]. Another study compared extracorporeal
shock wave therapy (ESWT) and placebo in
patients affected by plantar fasciitis [22]. Pain
reduction was observed in both groups
(p\0.001), even though mostly in the ESWT
group (p = 0.049). For laser therapy, a recent
study showed that, in patients with
osteoarthritis, placebo therapy had results
comparable to laser therapy in knee pain
reduction, and in improving knee range of
motion [23]. Unlike laser therapy, different
studies have shown that magnetotherapy is
better than placebo in improving pain, stiffness,
and physical function in patients with
osteoarthritis [24, 25].

In the future, the rehabilitation scientific
community can evaluate the influence of
physical therapy treatments with greater accu-
racy if it has a greater understanding of con-
textual factors, and of placebo and nocebo
effects. How patient outcomes are impacted by
contextual factors should be studied. The cre-
ation of a proper trial has not been very suc-
cessful among scholars [26]. A research agenda
should be followed by primary studies which
aim to evaluate the effect of contextual factors
on many patients’ clinical outcomes and in
diverse health conditions. It is necessary to use
RCTs to juxtapose the same PT treatment, exe-
cuted in a neutral or enriched context, to mea-
sure the variation of subjective results, such as
disability, pain, expectation, and satisfaction
versus objective results, such as salivary cortisol,
heart rate variability, and electromyographic
activity. How patients perceive contextual fac-
tors should be examined by researchers. Various
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surveys and interviews have investigated how a
patient perceives intervention with a placebo
[27], but only one study has considered the
influence of the patient’s point of view by
studying contextual factors in patients with
musculoskeletal pain [28]. To evaluate the
patient’s perception of the healthcare experi-
ence in its totality a list of various contextual
factors has been presented [29]. Patients can,
consequently, by answering a questionnaire, be
classified by their preferred contextual factors.
In conclusion, the challenge for the future is to
enrich physiotherapy treatment with contex-
tual elements to establish the impact and
influence of these elements on the rehabilita-
tion outcomes to be achieved.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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Table 1 Examples of placebo effect in rehabilitation

Rehabilitation
technique

Placebo effect

Exercise Pain can be reduced by both isotonic exercise and the reinforcement of participants’

expectations [30]

Manual therapy Placebo might be a primary mechanism for the effects of manual therapy on pain relief [31]

Facilitatory kinesio tape

(FKT)

FKT seems ineffective in promoting muscle activity when individuals are not influenced by

placebo response [32]

TENS Active TENS results in 47% pain-relief versus 42% of the sham TENS group in patients with

low back pain [33]
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in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.
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