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Effectiveness of motor imagery techniques in the treatment of chronic
musculoskeletal pain: A scoping review

Petr Kolar'?, Marketa Kovarova'?, Barbora Kolarova'?, Miroslav Haltmar?, Martin Jochec, Petr Hlustik?

Recent neurophysiological studies provide evidence that motor imagery techniques, as a non-pharmacological inter-
vention, reduce the perception of pain intensity at the cortical level and can therefore be used in clinical practice in
patients with chronic musculoskeletal pain (CMP). The aim of this scoping review was to evaluate recent randomised
controlled trials on the effect of motor imagery techniques for the relief of CMP.

Four databases (PubMed, Scopus, Proquest, Cochrane Clinical Trials) were searched to identify randomised controlled
trials on the effect of motor imagery techniques on the subjective intensity of musculoskeletal pain lasting for > 3
months in adults. Ten trials (349 participants) were identified for inclusion in this scoping review conducted following
the PRISMA-ScR guidelines.

The majority of the included studies showed that the motor imagery techniques reduced pain intensity in patients
with CMP (namely in patients with post-traumatic phantom limb pain, adhesive capsulitis,impingement syndrome and
non-specific neck pain). immediately after therapeutic sessions, compared with control groups, and also in follow-up
measurements up to a few months after baseline measurement. The motor imagery techniques used in the therapeutic
sessions lasted more than four weeks, with at least three sessions of at least ten minutes each performed per week.
The main limitations were the lack of high-quality, double-blind evidence with sufficient numbers of participants.
This review summarises randomised controlled trials and shows that motor imagery techniques have considerable
potential for the relief of CMP. High-quality evidence is needed to further support the use of motor imagery in clinical
practice.

MOTOR IMAGERY IN THE TREATMENT OF CHRONIC MUSCULOSKELETAL PAIN

Introduction Materials and Methods Main outcomes

Motor imagery activates movement-related
sensorimotor areas and facilitate the
restoration of the cortical somatosensory
representation of the painful body segment.

Of the 531 studies searched, 10 (with 349
participants) that used the motor imagery
technique for pain relief were included in this
review.

8 studies proved significant reduction in pain
intensity after therapy using motor imagery
techniques alone or in combination with
physical therapy techniques.
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The majority of studies showed a significant
reduction in perceived musculoskeletal pain using
imagery in patients with (post-traumatic) phantom
pain, adhesive capsulitis, impingement
syndrome and non-specific neck pain.

Review of recent randomised controlled trials
on the effect of motor imagery techniques for
the relief of chronic musculoskeletal pain.

Motor imagery techniques have considerable potential for the relief of chronic musculoskeletal pain.
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The motor imagery techniques used in the
therapeutic sessions lasted at least 4 weeks and
was performed at least 3 times per week for at
least 10 minutes per session.
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INTRODUCTION

Pain is defined as a complex unpleasant multifactorial
subjective experience. Chronic pain is defined as pain
lasting more than three months' and, unlike acute pain,
does not have any protective or regenerative character?.
Chronic pain limits patients both physically and socially,
often leading to a significant reduction in quality of life’.
Musculoskeletal pain affects bones, muscles, ligaments,
and tendons, and is associated with musculoskeletal disor-
ders*. Its management usually requires a multidisciplinary
approach. Non-pharmacological treatment options includ-
ing motor imagery techniques are currently accepted as
the preferred treatment for patients with chronic pain®.
According to current neuroscientific understanding, mo-
tor imagery techniques appear to act to a great extent at
the level of sensorimotor cortical areas, which are mal-
adaptively remodelled in relation to chronic pain percep-
tion®.

Chronic musculoskeletal pain results in a complex set
of changes in nociceptive pathways at different levels of
the central nervous system’. These changes may cause
pain to persist long after the original nociceptive input
has ended?. This can occur even without ongoing anatomi-
cal or structural damage to musculoskeletal tissues’. As
nociceptive processing involves a large brain network, the
perception of chronic pain may be based on a maladaptive
reorganisation of these brain structures. A relationship
has also been shown between the duration of pain and
the extent of cortical changes - simply put, the longer
the pain lasts, the greater the cortical reorganization is'.

Maladaptive reorganisation mainly affects the primary
somatosensory cortex (S1), which plays an important role
in pain perception’"*. S1 processes nociceptive informa-
tion and also somatosensory (proprioceptive and tactile)
information about the position and movement of body
segments. Brodmann’s area 3b processes sharp and well-
localised pain, whereas Brodmann’s area 3a is expected
to process deep, difficult-to-locate pain signals and it has
also been defined as a key region for the processing of pro-
prioceptive perceptions'. Thus, an unwanted interference
of nociceptive and proprioceptive information may occur,
in this area - the information about the position or move-
ment of the painful segment is masked by the nocicep-
tive sensation". Continuous painful stimuli reduce the
ability to process non-nociceptive somatosensory afferent
information, which results in nociception-induced sensory
deprivation and reduced cortical representation of the af-
fected area'®!” as has been demonstrated in patients with
phantom pain'!, with complex regional pain syndrome!?,
and neuropathic pain'®. Generally neuropathic pain,
caused by a lesion or disease of the somatosensory ner-
vous system, whether observed in clinical populations or
induced experimentally, is associated with functional and
structural reorganization of the somatosensory cortex'.

During motor imagery the brain creates a so-called
internal kinesthetic model of the movement without actu-
ally performing the movement'®". The areas of the brain
that are active during motor imagery largely overlap with
those that are active when performing the real movement.
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Motor imagery or action observation activates cortical
areas such as the premotor cortex, supplementary motor
area, S1, and inferior parietal cortex?*2°,

The potential of imagery techniques in the treatment
of chronic pain is based on the activation of movement-
related sensorimotor areas that further facilitate the res-
toration of the cortical somatosensory representation of
the segment that the patient perceives as painful'®?"28,
Motor imagery techniques based on an internal kines-
thetic model used in the management of chronic pain
include the following:

Motor Imagery (MI) - the patient only imagines a
specific movement. It is actually based on the hypoth-
esised internal kinesthetic model, which is stored in
the working memory and makes it possible to predict
the future sensorimotor course of the movement dur-
ing its planning and execution®.
Action observation (AO) - the patient observes another
person movement in real time and space, or in the
video or in virtual reality. During action observation,
a massive activation of mirror neurons occurs. The
neurophysiological basis is similar to motor imagery
- the internal kinesthetic model'®.
Mirror therapy (MT) - the patient observes the move-
ment of their healthy limb in a mirror positioned in
the midline of the body so that the reflection of the
moving limb creates an illusory perception of the
movement of the pathological limb hidden behind the
mirror®?°, During MT the internal kinesthetic model
is enhanced by visual feedback and somatosensory af-
ference from the moving limb behind the mirror'.

Graded Motor Imagery (GMI) - a therapeutic ap-

proach that combines the two imagery techniques de-

scribed above. It consists of three well-defined phases

(laterality training, motor imagery, mirror therapy)

that are graded from simpler to more complex in terms

of the expected progressive activation of sensorimotor
areas during each phase®”?. This progressive activa-
tion of the sensorimotor cortices helps to avoid the un-
pleasant pain sensations with mirror therapy alone®.

The aim of this paper was to review available random-
ized controlled trials (RCTs), for the relief of chronic mus-
culoskeletal pain, to compare and synthesise their results
regarding the effectiveness of interventions for pain re-
duction. This review focuses only on studies that are no
more than 10 years old and that deal with motor imagery
techniques (such as motor imagery, action observation,
mirror therapy and graded motor imagery).

MATERIALS AND METHODS

Search strategy and selection criteria

The following keywords were defined for the develop-
ment of the review: chronic pain, musculoskeletal pain,
motor imagery, mirror therapy, imagery techniques.
Various combinations of the following search equation
were used: (“chronic pain” AND “musculoskeletal”)
AND (“motor imagery” OR “mirror therapy” OR “imag-
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ery techniques”). Relevant articles were searched by two
independent reviewers (MK, MH) using these keywords
in the PubMed, Proquest, Scopus and Cochrane Clinical
Trials databases. These two reviewers assessed indepen-
dently whether each study met the inclusion criteria based
on full-text evaluation. In cases of disagreement, a third re-
viewer (BK) was consulted to resolve the conflict. All data
were extracted manually into an electronic form. No pre-
liminary pilot testing of the data extraction procedure was
carried out prior to the review. The search was conducted
between November 2022 and January 2024. A systematic
review protocol was not registered. This scoping review
was conducted following the PRISMA-ScR checklist to
ensure transparent and systematic reporting.

Criteria for inclusion in the review as follows: (1) The
article must be a randomised controlled trial published
in English between 2013 and 2023. (2) The population
studied had to be adults (over 18 years of age) with
chronic musculoskeletal pain (defined as pain that ini-
tially resulted from a functional or structural insult to
musculoskeletal structures - bones, muscles, ligaments
and tendons - and lasted more than three months). The
inclusion criteria did not set a lower limit for the number
of study participants. (3) The intervention used in the
trials must be described as a motor imagery technique
(specifically motor imagery, action observation, mirror
therapy and graded motor imagery) and must be used
as an intervention to reduce subjectively perceived pain
intensity. The duration of the therapy must be realized
at least in two days, so it is not a single session. (4) The
measurement of pain level must be the primary outcome
of the study and must be assessed using a numerical scale.
Only trials that reported numerical data were included.
Trials were excluded if they did not meet the inclusion
criteria. Criteria for the type of therapy in the control
group were specified.

Risk of bias assessment

Risk of bias for each included randomized controlled
trial was assessed using Cochrane’s revised tool for as-
sessing risk of bias in randomized trials (RoB 2). This
tool evaluates five domains. Each domain was judged as
“low risk”, “some concerns” or “high risk”, and an overall
risk of bias judgment was assigned according to the RoB
2 guidance.

RESULTS

The process of selecting studies for inclusion in the
review

A total of 531 studies were identified using the key-
words. After removing duplicates, 221 studies were ex-
cluded based on title and abstract. These were mainly
review articles or basic research studies investigating the
mechanism of the analgesic effect of imagery on neural ac-
tivity. The full texts of 30 studies were screened, of which
10 studies met the inclusion criteria. A flow chart of the
screening process is shown in Fig. 1.
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Specification of studies included in the development of
the review

The trials** included in the review are detailed in
Table 1.

MT was used in three trials®¥, two trials**3 investi-
gated the effect of MI in combination with conventional
therapy or with AO. Two trials investigated the GMI con-
cept’®¥, one trial used MT in combination with tactile
therapy 3, one used MI in combination with AO and neck
exercise*® and one trial used AO in combination with con-
ventional therapy as an intervention.

The most commonly used techniques in the control
group were “conventional therapy” and “placebo mirror
therapy” (see Table 1). “Conventional therapy” represents
classical physiotherapy techniques on a neurophysiologi-
cal basis or manual therapy including stretching®’, and
“placebo mirror therapy” means that the mirror is covered
during therapy.

A total of 349 participants were included in the trials,
with 167 participants in the experimental groups and 177
participants in the control groups.

Results of the studies

According to the review results, 8 (ref.3'%¥) of the 10
studies showed a significant reduction in pain intensity
after therapy using motor imagery techniques, see Table 2.

Regarding the type of motor imagery technique, sig-
nificant improvement was also found in 3 out of 4 MT tri-
als’33, 2 GMI trials***" and all 3 MI trials**3>¥, Significant
pain relief compared with the control group was reported
in 6 studies’3>3*¥. One study® reported a worsening of
pain after the intervention. In two trials, there was a re-
duction in pain after the intervention, but this was not
significant3®,

Imagery for chronic musculoskeletal pain showed a
significant reduction in pain in the experimental group
immediately after the end of therapy in 8 out of 10 tri-
als3'3¢3% Follow-up measurements at three’¥ and six
months3'3 after the end of therapy showed a positive
effect of the motor imagery intervention (see Table 2).
When comparing the effectiveness of the treatment in
the experimental and control groups, pain decreased sig-
nificantly in the experimental group immediately after
therapy*¢, three months after therapy®"*¥ and six months
after intervention®-*¢, In two studies were found not sig-
nificant changes in the experimental group in comparison
to control one immediately after therapy*® and six months
post-intevention®”

The imagery used within the therapeutic session lasted
4-6 weeks (if specified), except one lasting 12 weeks?’,
at least 3 times per week (if specified), with an intensity
of 10-25 min per day, except one’ with duration 45-60
min per day. Motor imagery as an intervention was used
alone in 4 trials***3¢3% or in combination with conven-
tional physiotherapy in the remaining 6 trials3%3+35:37.39:40,
Below are described results organized by motor imagery
technique.
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Fig. 1. Study flow chart.

Efficiency of motor imagery

MI trials**% reported a significant reduction in pain
from impingement syndrome and non-specific neck pain
in the experimental group immediately after therapy, as
well as compared to the control group. Therapy typically
lasted 4-6 weeks, with three sessions per week of 10-25
min each, and included conventional therapy such as ex-
ercise.

Efficiency of action observation

Only one study*® evaluated the effect of AO in com-
bination with conventional exercise. No significant
difference in pain relief was found before or after the in-
tervention between the experimental and control groups.
However, both groups showed a significant improvement
in outcome measures after the intervention. The therapy
was performed three times weekly for six weeks.

Efficiency of motor imagery in combination with action
observation

In the study by Ozcan et al.*, the experimental group
receiving a combination of action observation (AO) and
motor imagery (MI) showed a significant reduction in
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non-specific neck pain after training. Both the experimen-
tal and control groups underwent conventional therapy,
such as exercise. The therapy lasted for four weeks, with
five sessions per week.

Efficiency of mirror therapy

Significant improvements were found for MT in three
out of four trials®"3? after therapy and in two out of four
trials*'*? compared to the control group. Two of the stud-
ies included post-traumatic phantom pain’*, and one
included adhesive capsulitis®>. MT was used as a single
technique in two studies®*?. One study*® showed non-
significant improvement compared to the control group;
further this study reported no significant difference com-
pared to tactile therapy or a combination of MT and
tactile therapy. In all MT studies the therapy lasted 4-6
weeks, with three 10-25 min sessions per week. In one
study®' the effect of therapy persisted even in follow ups
after 3 and 6 months.

Efficiency of graded motor imagery
Both GMI trials**¥ reported significant improvements
in pain relief after GMI therapy, at three- and six-month
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follow-ups, and compared to the control group. The sig-
nificant immediate effect observed in study?®, which in-
volved 12 sessions over six weeks, was not found. In these
two studies, therapy was carried out for 6-12 weeks, two
to five times per week.

DISCUSSION

Effectiveness of motor imagery techniques in
the treatment of chronic musculoskeletal pain

According to the results, the majority of trials showed
a significant reduction in perceived pain using imagery
techniques (Table 2). However, for a more complete com-
parison of studies, it would be necessary to consider the
risk of bias of individual studies.

As mentioned previously, chronic pain in patients with
musculoskeletal disorders has been shown to cause neuro-
plastic changes at the level of the sensorimotor cortex'!,
resulting in impaired perception of the actual position
or movement of the affected limb?**2, Interventions
based on the activation of sensorimotor cortical areas
are thought to normalise the functional organisation of
the cortex®. This is where imagery techniques come in, by
activating somatosensory and motor cortical areas with-
out actually performing the movement>+47,

The following section presents a discussion of the re-
sults, structured by the type of motor imagery applied.

Motor imagery

In the reviewed trials, MI was only evaluated in com-
bination with conventional training*** or AO and conven-
tional training®. In all these trials, the intervention led to
a reduction in pain at the end of therapy, and in two trials
without AO even compared with the control group. In the
MI group, of notein Hoyek et al.** and Ozcan et al.* the
participants were not blinded to their intervention and
all therapy was provided by a single therapist. However,
the nature of the intervention precluded blinding partici-
pants or therapists. In all three studies, the results show
a significant reduction in pain after the intervention in
the experimental group, and two studies**** show the sig-
nificant difference between groups. Studies using MI as
an intervention involved patients with nociceptive pain,
which origins from tissue damage or inflammation, such
as shoulder impingement syndrome?®* or non-specific
chronic neck pain®. From the results of the reviewed tri-
als, MI combined with exercise is an effective form of
therapy. However, the evidence is of low quality and the
number of included trials, and the total number of par-
ticipants is small.

Action observation

Only one study*’ in the sample evaluated the effect of
AO in combination with conventional exercise, but the
results suggested that AO added to an exercise programme
did not provide any additional benefit for pain relief in
patients with knee osteoarthrosis. The single AO study
(Oztiirk et al.*0) lacked rigorous data. AO might be more
effective in conditions with strong cortical reorganization
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(e.g., CRPS or phantom pain) than in degenerative con-
ditions like gonarthrosis, but this hypothesis needs to be
further tested.

Motor imagery and action observation

MI combined with AO and exercise significantly re-
duced neck pain, in Ozcan et al.**, but combining AO with
MI had no advantage exercise alone.

Mirror therapy

MT is a relatively common non-pharmacological treat-
ment for phantom limb pain representing neuropathic
pain, but there is no really robust evidence for its effec-
tiveness?’. Of the trials reviewed, 4 dealt with MT (ref.*"
33.38) " 3 included patients with phantom limb pain?®333%,
One study*' reported significant pain reduction, including
sustained effects at 3-6 months. This study included a pa-
tient with adhesive capsulitis*? and had positive results. In
the MT group, however, some of the studies were biased
in terms of research methodology. In study of Finn et
al.’3, participants were aware of their assigned interven-
tion and participants in the control group crossed over to
the experimental group earlier than planned, which was
a significant deviation from the planned intervention. In
the study of Ol et al.*, participants were not randomly
assigned to the groups and baseline pain levels differed
greatly between the groups. Study of Ol et al.’® showed
no effect of MT on reducing pain intensity. The results
of studies of Anaforoglu Kiiliinkoglu et al.’! and Baskaya
et al.’? are similar to those of study of Finn et al.*3, there
were no significant differences in pain reduction between
groups. According to these results MT represent an effec-
tive intervention for pain relief, but the results should be
interpreted with caution due to the risk of bias mentioned
above. In addition, the number of included trials and the
total number of participants is small.

Graded motor imagery

The GMI was used in two reviewed papers**’ with the
first one concerning phantom limb pain, where the pain
relief was obtained after therapy, six months after therapy
and even in comparison to control group. In this study the
sample size is too small to permit drawing conclusions.
The other study compared a manual therapy and home
stretching programme with a manual therapy programme
including home stretching, sensory discrimination train-
ing and GMI in patients with adhesive capsulitis (fro-
zen shoulder). Much greater pain relief was observed in
the experimental group after the three-month treatment
compared with the control group. However, after the six-
month follow-up, the control group showed greater pain
relief than the experimental group. Studies suggesting ef-
fectiveness of GMI in patients with complex regional pain
syndrome (type 1) were realized by Moseley*"2.

Influence of pain mechanism on motor imagery outcomes

The effectiveness of motor imagery techniques may
vary depending on the underlying pain mechanism.
Conditions with a neuropathic component - such as
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phantom limb pain - tend to show more consistent and
sustained benefits, likely due to the significant corti-
cal reorganization associated with these syndromes. In
contrast, nociceptive pain conditions, such as adhesive
capsulitis, impingement syndrome, or osteoarthritis, also
respond positively but with less uniform outcomes. This
distinction suggests that motor imagery interventions may
be particularly valuable in cases where central sensitiza-
tion and maladaptive neuroplasticity play a dominant role.

Adverse effect of mental imagery techniques

Adverse effects or contraindications of imaginative
techniques were not reported in the trials. In the trials
included in the review, the pharmacological treatment was
unchanged throughout the intervention. There were no
reports of concomitant therapies other than those moni-
tored (such as psychotherapy or rehabilitation). Patient
compliance is essential for practical reasons and also be-
cause of the techniques used in autotherapy.

Although the individual studies included in the review
differ in the type of therapy used in the control groups,
the control training always focused on painful limb move-
ments (residual limb in amputees) or placebo therapy.
It should be noted that the control therapy types were
also effective in reducing pain immediately after therapy
(except in the study by Finn et al.}, where placebo mir-
ror therapy showed the opposite effect). However, the
percentage reduction in pain intensity was lower than in
the experimental groups. An exception was the study by
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Ozcan et al.*, where the control group showed better re-
sults in pain reduction than the experimental group (see
Table 2).

Risk of bias and limitations

According to Cochrane’s revised tool for assessing risk
of bias in randomised trials RoB 2 (ref.**) were identified
biases of reviewed studies, see Fig. 2.

Several limitations should be considered when inter-
preting the findings of this review. The generalizability of
the findings may be limited due to the characteristics of
the tested samples. Most studies focused on specific pain
conditions such as phantom limb pain, adhesive capsuli-
tis, impingement syndrome, and non-specific neck pain,
which may not represent broader musculoskeletal pain
populations. This diversity limits direct comparability and
generalizability of findings across diagnoses.

Due to the nature of the interventions used, it is very
difficult to blind the study participants or the therapists
who provided the therapy. Therefore, many of the inclu-
ded studies reported that participants/therapists were
aware of their inclusion in the experimental or control
group.

Further limitation represents the variation in therapy
duration, frequency or session length. The duration var-
ied from 4 to 12 weeks, with some studies not specifying
duration®***. Frequency ranged from daily sessions’"*® to
3 times per week?*, session length ranged from 5 min
(ref.3®) to 60 min including even the conventional thera-
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py’’. These differences may influence treatment efficacy
and complicate pooled analysis.

Also, the age of participants varied widely across
studies, ranging from young adults (e.g., 19-20 years*)
to older adults (e.g., median age 63 years®), which may
affect the applicability of results to different age groups.
Additionally, several studies showed imbalanced gender
distributions, with some samples predominantly female
(e.g. 90% female in the control group?®) or male** poten-
tially introducing gender-related bias and limiting gener-
alizability across sexes. So, these factors should be also
considered when interpreting the results and applying
them to broader clinical populations.

Although quality of life is closely linked to the percep-
tion and experience of chronic pain, only four of the ten
reviewed studies’32363% explicitly assessed it as an out-
come measure. Significant improvements in quality of life
were reported in two of these studies®*2. The remaining
studies?-35373840 did not focus on quality of life, despite
its relevance to chronic pain rehabilitation.

Patient adherence plays a pivotal role in the success
of motor imagery interventions, especially those involv-
ing home-based or autotherapy components. However,
most reviewed studies did not report adherence moni-
toring. Limitations of reviewed studies are listed below
in Table 3.

Table 3. Limitations of included studies.

Limitation Study Ref.
Small sample size Anaforoglu Kiiliinkoglu et al. 2019 31
Baskaya et al. 2018 32
Finn et al. 2017 33
Javdaneh et al. 2021 35
Limakatso et al. 2020 36
Ozcan et al. 2019 39
Oztiirk et al. 2021 40
Absence of follow-up measurement Baskaya et al. 2018 32
Finn et al. 2017 33
Ozcan et al. 2019 39
Oztiirk et al. 2021 40
Wide age range Baskaya et al. 2018 32
Heterogenous grouping Baskaya et al. 2018 32
Participant population consisted mainly of females Oztiirk et al. 2021 40
Participant population consisted only of males Finn et al. 2017 33
The study was designed to randomly assign participants to therapy instead of Finn et al. 2017 33
matching clinical characteristics
Therapy was provided in the subacute phase (less than 2 years since the Anaforoglu Kiiliinkoglu et al. 2019 31
amputation), when the intensity of PLP may decrease spontaneously over
time
Absence of the information about wash-out time for the medications prior to  Anaforoglu Kiiliinkoglu et al. 2019 31
the study
The number and duration of sessions in experimental group was higher than  Anaforoglu Kiiliinkoglu et al. 2019 31
the frequency of application of therapy in control group
Insufficient dosage and the length of the therapy intervention Ozcan et al. 2019 39
Excluding patients with confirmed sensorimotor changes, what may lead to Ozcan et al. 2019 39
difference on outcome measures
No rehabilitation in control group for six weeks Javdaneh et al. 2021 35
No blinding of participants with respect to group assignments Javdaneh et al. 2021 35
Movement during MI was too complex to imagine or outside of the painful Hoyek et al. 2014 34
area
Minor deviation from study protocol was noted in Ol et al. 2018 38
Cross-cultural differences (meanings of words in Khmer language and in Ol et al. 2018 38
English)
The re-allocation of crossover patients in the other subsample could be Ol et al. 2018 38
questioned
The lack of monitoring of treatment adherence Limakatso et al. 2020 36
The restricted setting (Cape Town, South Africa) Limakatso et al. 2020 36
A single treating clinician Limakatso et al. 2020 36
A lack of post-trial blinding assessment Limakatso et al. 2020 36
Lack of a sham treatment Limakatso et al. 2020 36
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It is important to acknowledge even the method-
ological limitations and other issues of this review when
interpreting the results. The search strategy was lim-
ited to selected databases and did not include grey lit-
erature sources, which may have led to publication bias.
Furthermore, only studies published in English were
considered, potentially excluding relevant evidence from
non-English publications. No automated tools were used
to search the databases and analyse the results. There was
no synthesis of the results, and this review is not a meta-
analysis. The heterogeneity in sample characteristics and
motor therapy protocols complicates the pooled analysis.
The included studies allow for basic comparative analysis
of pain outcomes; the absence of reported effect size esti-
mates and confidence intervals limits the ability to assess
the precision and clinical relevance of the findings. The
heterogeneity of pain conditions, intervention protocols,
and methodological quality across studies limits direct
comparability and generalizability of the results. Recent
meta-analyses have evaluated the effectiveness of MI and
AO in the context of musculoskeletal pain*-!. In contrast,
our scoping review aimed to map recent RCTs across an
extended range of currently applied motor imagery tech-
niques, categorized primarily by intervention type, with
additional consideration given to the pain conditions.
While these meta-analyses suggest promising therapeutic
potential, they consistently report low certainty of evi-
dence due to small sample sizes, high heterogeneity, and
methodological limitations - issues that our review also
identified as critical targets for future research.

Implications for clinical practice and future research

Motor imagery techniques - including motor imagery
(MI), mirror therapy (MT), and graded motor imagery
(GMI) - should be considered as adjunctive interven-
tions in the rehabilitation of chronic musculoskeletal
pain. Their application has shown promising results in
conditions such as phantom limb pain®-**3, adhesive
capsulitis’>*’, shoulder impingement syndrome?4, and
non-specific neck pain®. These conditions are likely as-
sociated with central sensitization mechanisms, which
motor imagery-based approaches may help modulate.
Clinicians should tailor the choice of technique to the
specific pain condition and ensure patient engagement
through structured home programs.

Future research should focus on high-quality, dou-
ble-blind RCTs with creative masking strategies, larger
samples, standardized intervention protocols, and well-
defined active comparators. Studies that stratify results ac-
cording to pain status and include long-term follow-up are
recommended. Additionally, the role of patient adherence
and the neurophysiological mechanisms underlying dif-
ferential responses to motor imagery techniques warrant
further investigation.

CONCLUSION

A total of 10 imagery studies were included in the
review. The majority of studies showed a significant reduc-
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tion in perceived musculoskeletal pain using imagery in
patients with (post-traumatic) phantom pain’'**3¢3 adhe-
sive capsulitis*>¥’, impingement syndrome*4, non-specific
neck pain®-°and gonarthrosis pain*. The main interven-
tion used in the trials reviewed was mirror therapy or mo-
tor imagery combined with exercise, and it is not possible
to determine which intervention was the most effective
from the results of the included trials. In the experimental
group, a decrease in the perception of pain intensity was
mostly found immediately after the intervention and even
3-6 months after therapy, when assessed.

The effectiveness of motor imagery techniques appears
to vary by pain mechanism. Conditions with neuropathic
components (e.g., phantom limb pain) consistently dem-
onstrated greater benefit than purely nociceptive condi-
tions (e.g., osteoarthritis). This suggests that interventions
targeting cortical reorganization may be most impactful in
chronic musculoskeletal pain. Future research should fo-
cus on stratifying outcomes by pain mechanism, develop-
ing standardized protocols tailored to these subtypes, and
probably further exploring neurophysiological markers
that predict response. Such work is essential to optimize
clinical application and guide personalized rehabilitation
strategies.

All techniques based on the principle of motor im-
agery have considerable potential for the treatment of
chronic musculoskeletal pain. However, there is a lack
of high-quality, double-blind evidence with a sufficiently
large number of participants. The body of RCT evidence
included in this review is heterogeneous; therefore, this
scoping review provides a broader overview and first in-
sight into the effectivity of motor imagery techniques in
the treatment of chronic musculoskeletal pain and may
help guide the design of future systematic reviews/ clinical
trials on this topic.

Motor imagery techniques show considerable prom-
ise as adjunctive therapies for chronic musculoskeletal
pain, with neuropathic conditions demonstrating the most
consistent benefit. To translate this potential into routine
clinical practice, larger high-quality trials with standard-
ized protocols are needed to confirm long-term effective-
ness and guide personalized rehabilitation strategies.

Search strategy and selection criteria

The search strategy and selection criteria are de-
scribed in detail in the Materials and Methods section.
The review systematically searched four major databases
using defined keywords. Studies were screened indepen-
dently by two reviewers, and only randomized controlled
trials (2013-2023) involving adults with chronic muscu-
loskeletal pain were included. Eligible trials tested motor
imagery techniques for pain reduction, with pain inten-
sity measured numerically as the primary outcome. Full
details of the search strategy and selection criteria are
provided in the section Materials and Methods.
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