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Review question/objective: The primary objective of this systematic review is to identify the effects of mental
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Background

pinal cord injury (SCI) is a lesion of the spinal

cord, including the cauda equina, affecting its
structural and functional integrity. It results either in
temporary or permanent muscle paralysis, sensory
loss and autonomic dysfunction below the level of
injury.! The neural control of sensorimotor,” auto-
nomic,>> bowel and bladder functions®” are com-
promised and SCI is often complicated by pain.?®
Indeed, pain is a common complication which can
be related to the effects of the spinal injuries or to
pre-existing conditions. %

Chronic pain, which is pain that persists for
months or longer, is a severe consequence of SCI,
whereby half to two-thirds of the individuals with
SCI report the presence of pain.'®'® This pain seems
to be related to poorer rehabilitation outcomes and
may have a significant impact on activities of daily
living, emotional function and quality of life.”>!*
Some studies, which were discussed in a review by
Ullrich,'® even suggest that the impact of pain can be
greater than the impact of the injury itself in people
with chronic pain after SCI. The most common pain
types are nociceptive and neuropathic pain.'131617
Nociceptive pain is due to the activation of nocicep-
tors and arises from actual or threatened damage to
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non-neural tissue.'® Nociceptive pain often occurs in
shoulders, wrists and back due to overuse.!>11%:20
For pain arising as a direct consequence of a lesion or
disease affecting the somatosensory system, the
resulting condition is referred to as neuropathic
pain.*! Neuropathic pain is classified relative to
the neurological level of injury (NLI). Within the
dermatome of the NLI and/or within the three
dermatomes below this level, pain is referred to as
“at-level” SCI (neuropathic) pain. Pain arising from
more than three dermatomes below the dermatome
of the NLI is referred to “below-level” SCI (neuro-
pathic) pain.** Neuropathic pain is thought to be a
central mechanism (below-level SCI pain) and/or due
to nerve root damage (at-level SCI pain)."** Pain
taxonomies are available for SCI, differentiating
nociceptive, neuropathic (at- and below-level) and
other or unknown pain.*

The management of chronic pain after SCI is very
challenging.'® Recent reviews conclude that there is
a lack of evidence on the impact of both pharma-
cological and non-pharmacological treatments.?>**
Other reasons for the lack of success are the multiple
mechanisms involved in SCI neuropathic pain and
the fact that those are not completely understood.
In addition to biomedical changes due to SCI, psy-
chosocial factors such as cognition, coping behavior
and social support may play a major role in the
perceived intensity and impact of pain.**® In
clinical practice, pharmacological treatment seems
to prevail despite some patients’ wishes for non-
pharmacological treatments.*’
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Among non-pharmacological treatments for pain,
studies have identified the contribution of the motor
cortex stimulation,”®! which could promote re-
establishment and activity-dependent plasticity of
the disrupted or altered after SCI sensorimotor
loop.?*?3 One of the techniques that might stimulate
these structural and functional reorganizations in the
brain is mental practice (MP).>*3°

Mental practice is defined as a cognitive training
method by which the subject mentally repeats a
gesture (or movement) to improve its perform-
ance.>®?” The motor imagery (MI) is the mental
representation of movement without any body
movement or without any peripheral muscle acti-
vation.*®

The MP of a movement without its execution can
be carried out from two perspectives: external (third
person) or internal (first person). The third-person
perspective is an imagery, where a “person views
him-or herself from the perspective of an external
observer”38®-?*3) (¢ g seeing him/herself performing
the imagined movement). It is considered to be
mainly visual in nature. The first-person perspective
requires the person to imagine “being inside his/her
body and experience those sensations*8P?*3) a5 if
he/she was performing the movement. Therefore,
internal (first person) imagery can include both
visual and kinesthetic component.*®:

Imagery capacity may differ between healthy
individuals*® as well as in persons with neurological
deficits.*! Therefore, it could be important to test it
before performing MP.*® Several tools are used to
assess the imagery ability, for example, the Move-
ment Imagery Questionnaire (MIQ),** the MIQ-
Revised, Second Edition (MIQ-RS)* and the Vivid-
ness of MIQ (VMIQ),** which are formulated for
healthy subjects; and the Kinesthetic and Visual
Imagery Questionnaire (KVIQ),* which is adapted
more for individuals with disabilities.®

The MP, when combined with physical practice,
is recognized to have positive effects on motor per-
formance and learning® in healthy subjects,*®*” in
sportsmen*® as well as in people with some neuro-
logical disorders like stroke®®*’ and SCL>%! A
number of repetitions are needed to learn a new
gesture and to encode it in procedural memory.
Magnetic resonance imaging studies have demon-
strated that there is a large overlap between brain
areas active during MI and movement itself.?>-2*
For example, such brain regions are shown to be
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involved in both processes of movement imagery and
execution: the prefrontal, premotor, supplementary
motor and cingulate cortex as well as cerebellum and
basal ganglia.”>*® The primary motor cortex acti-
vation degree during MP is still under debate.’-*"?
In addition, positron emission tomography imaging
of learning a motor task by MP shows similar
cortical changes to those observed after physical
training in the same foot movement tasks in healthy
subjects.®°

Following SCI, the cerebral structures involved
in MI and movement execution remain intact
but reshaped.*’**! The amount of central cortical
reorganization is not only connected to the duration
of sensory input deprivation or/and overuse, but
also to the chronic pain duration and inten-
sity.>”¢%%3 Alternatively, it may be also that in
SCI subjects the disrupted cortical proprioceptive
representation as a cause of mismatch between
motor output and sensory feedback®? leads to the
pain experience.®* Therefore, MP in people with
pain is aimed at correcting this mismatch and
normalizing complex interactions between mental
body representation, sensori-motor integration,
nociception and pain.

Until now, the effect of MP on neuropathic pain in
SCI patients remains unclear. The studies show
heterogeneous results: either reduction in pain®*¢*
or increase in pain,®® or no effect.®® There could be
many reasons for these discrepancies.

One aspect that may influence therapeutic out-
come of the pain treatment could be related to the
patient’s perception of pain and his expectations
from treatment, which could be influenced by such
factors as depression, poor coping skills, pain cata-
strophizing and other social stressors.

Another aspect is related to the treatment meth-
odology itself. It is still not clear, for clinical practice,
which interventions are more effective and which
outcomes are better. For example, MP is often
applied in combination with other therapeutic
modalities, such as physical exercise, virtual reality,
brain-computer interface and mirror therapy. There-
fore, in some cases, the contribution of each
modality remains unclear. In addition, there are also
different intervention procedures (guided imagery,
visual cue-based imagery, external or internal
perspective), outcome measures (various pain ques-
tionnaires: Visual Analog Scale [VAS], Numerical
Rating Scale [NRS] etc.) and MI ability parameters
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(vividness, effort and speed) that exist across the
studies, which makes it difficult to compare and
determine the best practice for pain treatment.

After a preliminary search in JBI Database of
Systematic Reviews and Implementation Reports,
Cochrane Library, PubMed, Campbell Library,
DARE, Trip, NICE, BestBets and Bandolier data-
bases, we did not find any exhaustive systematic
review that synthesized all relevant studies and eval-
uated the efficacy of MP on chronic neuropathic and
nociceptive pain in individuals after SCI.

Therefore, in this systematic review, we aim to
identify both therapeutic benefits of MP for pain
management and motor function recovery in SCI
people. Where possible, this review will also describe
the optimal type and dosage (i.e. frequency, intensity
and duration) of MP interventions for patients
with SCI.

Inclusion criteria

Types of participants

The current review will consider studies that include

adult patients (18 years and over) with a clinical

diagnosis of SCI that did not necessarily need to be

confirmed using imaging studies:

e Traumatic or non-traumatic

e Complete or incomplete: according to the Amer-
ican Spinal Injuries Association Impairment Scale
(AIS), complete lesions are defined as AIS A and
incomplete are defined as AIS B, AIS C, AIS D or
AIS E;®® according to the International Standards
for Neurological Classification of SCI
(ISNCSCI), the term “complete injury” is used
when “there is an absence of sensory and motor
function in the lowest sacral segments (S4-S5)
(i.e. no sacral sparing)”’®*®3”) and the term
“incomplete injury” is used when “‘there is pres-
ervation of any sensory and/or motor function
below the neurological level that includes the
lowest sacral segments S4-S5 (i.e. presence of
sacral sparing)”®”(P->37)

e Without or with acute, sub-acute or chronic (at-
or below-level) pain
All ISNCSCI levels®
Any time after a SCIL.

Types of interventions

The MP intervention can be given as an independent
intervention, added to therapy (e.g. using a taped
instruction) or embedded in therapy (e.g. usual care,
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or usual physiotherapy or occupational therapy
treatment). Both perspectives of movement repres-
entations will be taken into account: first person
(visual representation) and third person (both visual
representation and kinesthetic sensations). The inter-
vention in the comparator group should allow the
assessment of possible effects of the MP intervention.
Examples of comparators are MP versus no inter-
vention, MP versus conventional intervention, MP
versus placebo MP (e.g. counting backward by sev-
ens, mentally manipulating a three-dimensional
object), and MP in individuals with pain compared
to MP in individuals without pain.

Outcomes

The primary outcomes are those related to pain

and will include:

e Pain before, during and/or after movement
imagery assessed with, for example, the VAS,
NRS, Brief Pain Questionnaire, Basic Pain Data
Set, seven-point Guy/Farrar Patient Global
Impression Change scale, scales for neuropathic
pain and scale for emotional functioning.”®”!

e Duration of pain relief and/or time to return to
pre-treatment pain.

Secondary outcomes will consider following
measures:

e Motor function and activity/disability related
outcomes, for example, the Motor Assessment
Scale, the Capacity of the Arm and Hand test
or the Graded and Redefined Assessment of
Strength, Sensibility and Prehension.”’

Further analysis of MI interventions will be done
by a comparison of cortical activity during actual
and imagined movement, using such techniques as
functional magnetic resonance imaging, positron
emission tomography, magnetoencephalography
and/or transcranial magnetic stimulation. Therefore,
additional outcomes that we will consider will be
neurophysiological changes associated with primary
somatosensory and motor cortex activities as well as
motor output system (e.g. motor evoked potentials
and motor thresholds).

70

Types of studies

The current review will consider both experimental
and epidemiological study designs, including rando-
mized controlled trials, non-randomized controlled
trials, quasi-experimental studies, before and after
studies, prospective and retrospective cohort studies,
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case-control studies and analytical cross-sectional
studies for inclusion. This review will also consider
descriptive epidemiological study designs, including
case series, individual case reports and descriptive
cross-sectional studies for inclusion.

Search strategy

The search strategy aims to find both published and
unpublished studies. A three-step search strategy will
be utilized in this review. An initial limited search of
PubMed and CINAHL will be undertaken followed
by an analysis of the text words contained in the title
and abstract, and of the index terms used to describe
the article. A second search using all identified key-
words and index terms will then be undertaken
across all included databases. Third, the reference
lists of all identified reports and articles will be
searched for additional studies. Studies published
in English, French and German will be considered
for inclusion in this review. No restrictions will be
made regarding the year of publication.

Studies in another language that have not been
translated into English, French or German will
be excluded.

The databases to be searched include: Bandolier,
BestBETS, BioMed Central, CINAHL, Cochrane
Central Register of Controlled Trials, Embase,
PubMed, PsiTri, PsycINFO, MedNar, OTseeker
and PEDro.

PubMed search syntax will be used as the basis for
all search strategies, using Medical Subject Headings
and keywords with Boolean operators. The syntax
will consist of several search themes intersected by
the Boolean term “AND”.

Database individual search strategies will be devel-
oped for each database to take into account any
differences in thesaurus terminology and indexing.

The search for unpublished studies and conference
proceedings will be performed to reveal additional
gray literature and unpublished studies. It will
include: Australian Clinical Trial Registry, disser-
tation abstracts and conference proceedings research,
ClinicalTrials.gov, Current Controlled Trials, Google
Scholar, ProQuest Dissertations and Theses, Med-
Nar, Worldcat and Open Grey (http://www.open
grey.eu/) without language restrictions.

Hand searching of relevant journals (e.g. Clinical
Rehabilitation, Disability and Rebabilitation, Neu-
rorebabilitation and Neural Repair, Spinal Cord)
will be performed.
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Full-text articles of studies retrieved in the search
will be assessed for relevance against the inclusion
and exclusion criteria. Two reviewers will conduct
this assessment independently using the Joanna
Briggs Institute System for the Unified Management,
Assessment and Review of Information (JBI-
SUMARI). Any disagreements that arise between
the two reviewers will be resolved through discus-
sion with a third designated reviewer.

Bibliographic details of the studies will be down-
loaded or manually entered into an Endnote data-
base (Endnote X8) Clarivate Analytics, Philadelphia,
PA, USA.

Initial keywords to be used will be: Spinal Cord
Injury OR Spinal Cord Injuries OR Spinal Cord
Ischemia OR Paraplegia OR Quadriplegia AND
Imagery OR Imagination OR Mental Practice OR
Cognitive rehearsal OR Guided Imagery OR
Motor Imagery.

Assessment of methodological quality

Papers selected for retrieval will be assessed by two
independent reviewers for methodological validity
prior to inclusion in the review using standardized
critical appraisal instruments from JBI-SUMARL”?
Any disagreements that arise between the reviewers
will be resolved through discussion, or with a
third reviewer.

Data extraction

Quantitative data will be extracted from papers
included in the review using the standardized data
extraction tool from JBI-SUMARI (Appendix I).
The data extracted will include specific details
about the interventions, populations, study
methods and outcomes of significance to the review
question and specific objectives. Where reported,
specific information about the frequency, intensity,
duration of MP interventions will also be extracted.
This will allow the reviewers to describe the
optimal dosage required to achieve the benefits
from MP interventions. However, one possible
limitation can be a lack of detailed information
in the literature. Authors of primary studies will be
contacted for missing information or to clarify
unclear data.

Data synthesis

Quantitative data will, where possible, be pooled in
statistical meta-analysis using JBI-SUMARI. All
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results will be subject to double data entry. Effect
sizes expressed as odds ratio (for categorical data)
and weighted mean differences (for continuous data)
and their 95% confidence intervals will be calculated
for analysis. Heterogeneity will be assessed statisti-
cally using the standard Chi-square and also
explored using subgroup analyses based on the
different study designs included in this review.
Where statistical pooling is not possible, the findings
will be presented in narrative form, including tables
and figures to aid in data presentation where
appropriate.
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Appendix I: Data extraction instruments

JBI Data Extraction Form for
Experimental / Observational Studies
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