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List of Abbreviations 

 
 

Frequently Used Imagery Terms  
 
CG Cognitive General 
CS Cognitive Specific 
EVI External Visual Imagery 
GI Guided Imagery 
IMC Imagined Maximal Contraction 
IVI Internal Visual Imagery 
KIN Kinaesthetic Imagery 
LSRT Layered Stimulus and Response Training 
MG-A Motivational General-Arousal 
MG-M Motivational General-Mastery 
MP Mental Practice 
MI Motor imagery 
MS Motivational specific 
PETTLEP Physical, Environment, Task, Timing, Learning, Emotion, Perspective 
SP Stimulus Proposition 
SRP Stimulus and Response Proposition 
VI Visual Imagery 
  
Questionnaires  

IPAQ              International Physical Activity Questionnaire 
KVIQ             Kinaesthetic and Visual Imagery Questionnaire 
MIQ-3            Movement Imagery Questionnaire-3 
MIQ-R           Revised Movement Imagery Questionnaire 
VMIQ            Vividness of Movement Imagery Questionnaire 
VMIQ-2        Vividness of Movement Imagery Quesitonnaire-2 
VMIQ-2-A    Vividness of Movement Imagery Quesitonnaire-2- Arabic 
 
Analysis Terms  

ANCOVA      Analysis of Covariance 
ANOVA        Analysis of Variance 
BSEM           Bayesian Structural Equation Modelling 
CFA              Confirmatory Factor Analysis 
CI                  Confidence Interval 
CR                Composite Reliability 
CTCU           Correlated Trait Correlated Uniqueness 
ICC               Intraclass Correlation Coefficient 
ICM              Independent Clusters Model 
ML               Maximum likelihood Estimator 
MTMM        Multitrait Multimethod 
PPP              Posterior Predictive p Value 
PSR             Potential Scale Reduction Factor 
r                   Correlation Coefficient 
RMS            Root mean Square 
SD               Standard Deviation   
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Physiological Measures and Units  
 
ANS                Autonomic Nervous System 
BA6                 Brodmann Area 6 
EEG                Electroencephalogram 
EMG-Amp      Electromyography amplitude 
EMG               Electromyogram 
fMRI               Functional Magnetic Resonance Imaging 
hMNS             Human Mirror Neuron System 
HR                  Heart Rate 
mV                  Millivolts 
MNS               Mirror Neuron System 
MRCP             Movement-Related Cortical Potential 
M1                  Primary Motor Cortex 
NIRS              Near-infrared Spectroscopy 
SMA              Supplementary Motor Area 
 
 
Functional Measures and units  

DM              Deltoideus Medius 
GM             Gluteus Medius 
HGS            Handgrip Strength 
Kg               Kilograms 
MIT            Maximal Isometric Torque 
MR             Maximum Number of Repetitions 
MVC          Maximal voluntary contraction   
N.m             Newton*Metre 
 

Medical and therapeutic terms, and others 

ACL               Anterior Cruciate Ligament 
AORD           Arthritis and other Rheumatic Diseases 
BMI               Body Mass Index   
CDC               Centers for Disease Control and Prevention 
CNS               Central Nervous System 
CST                Conventional Strength Training 
CTRL             Control Group 
ISPOR            International Society for Pharmacoeconomics and Outcomes Research 
KSA               Kingdom of Saudi Arabia 
MET               Motor effort training 
MIIMS           Motor Imagery Integrative Model in Sport 
MSDs             Musculoskeletal Disorders 
PAWB            Physical Activity and Wellbeing Centre 
PMR               Progressive Muscle Relaxation 

SEM            Structural Equation Modelling 
SPSS           Statistical Package for Social Sciences 

















21 
 

 

Reasons for using imagery training in applied practice 

There are important benefits to integrating imagery training into treatment for specific clinical 

populations as alternatives or complements to traditional therapeutic exercise. Patients can 

practice imagery training for specific motor tasks, and they can increase the number of imagery 

training repetitions during the imagery protocols to improve the subsequent physical performance 

capacity in a safe, self-directed way with less exhaustion and load on the muscles and/or joints 

(Dickstein & Deutsch 2007; Malouin & Richards, 2013; Tamir et al., 2007). Compared with 

physical training, imagery training does not induce neuromuscular fatigue following training 

(Rozand et al., 2014). Moreover, imagery training enables patients to mentally simulate motor 

skills that may be essential for the rehabilitation process (e.g. functional activity, walking, 

climbing stairs, balancing) in the early weeks of rehabilitation when it is not possible to perform 

the motor tasks physically due to various medical conditions (e.g. surgery, immobilisation, severe 

pain, paresis). In such contexts, motor imagery can be used to keep the sensorimotor circuitry 

functional and promote faster recovery once physical practice becomes possible (Malouin & 

Richards, 2013). In addition, other important factors that could support the integration of imagery 

with future physiotherapy interventions are that imagery is inexpensive, easy to learn, applicable 

without the need for any instruments at various places and potentially useful as a self-management 

tool (Dickstein & Deutsch, 2007; Tamir et al., 2007).  

 

 

Possibility of imagery training application for musculoskeletal rehabilitation 

The musculoskeletal system is an important system in the human body; it provides the support, 

stability and movement of the body. It comprises different components, such as muscle, bone, 

ligaments, joints, cartilage and other connective tissue. It can be affected by various external or 

internal factors that cause musculoskeletal system abnormality. The Centers for Disease Control 

and Prevention (CDC) define MSDs as injuries or disorders of the muscles, nerves, tendons, 

joints, cartilage and supporting structures of the upper and lower limbs, neck, and lower back 

(Piper et al., 2016). Consequently, MSDs can be caused by injury or disease that occurs in various 

contexts (e.g. work, community, sport). The main features of MSDs are severe pain, reduction of 

physical performance, loss of physical function, and a decline in mental health (Dall et al., 2013). 

In addition, the reduction of muscle strength leads to a further limitation of physical function 

(Pedersen & Saltin, 2006). 
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MSDs are traditionally treated via musculoskeletal rehabilitation using a pathology-structure 

paradigm that directs the intervention toward functional, biological and structural abnormalities in 

the musculoskeletal system, for example, by using therapeutic exercise. The effects of the current 

interventions may be mediated through peripheral and central changes, but they may not 

specifically address all the underlying neuroplastic changes in the CNS that are potentially 

associated with chronic MSD. Hence, musculoskeletal rehabilitation professionals can use 

different tools that address neuroplastic changes across distributed areas of the nervous system and 

affect outcomes in patients with chronic MSDs, including top-down cognitive-based interventions 

(e.g. education, cognitive behavioural therapy, mindfulness meditation, motor imagery) and 

bottom-up physical interventions (e.g. motor learning, peripheral sensory stimulation, manual 

therapy; Pelletier, Higgins, & Bourbonnais, 2015a, 2015b).  

Snodgrass et al. (2014) suggested combining the expertise of clinicians and researchers working in 

the areas of neurological and musculoskeletal physiotherapy to integrate neuroplasticity 

intervention approaches used in neurological physiotherapy (e.g. imagery, task specificity and 

feedback) into the future treatment plans focussing on musculoskeletal conditions. In addition, 

other researchers have demonstrated that musculoskeletal physiotherapists appreciate the 

importance of using psychological intervention techniques (e.g. imagery, relaxation, positive self-

talk and goal setting) during the rehabilitation process, although the report showed that most of the 

participating physiotherapists had an inadequate understanding of these interventions, which 

reduced their utilisation in physiotherapy practice (Alexanders et al., 2015). However, it is 

suggested that the efficacy of imagery interventions across patients with musculoskeletal injury is 

still under development and requires further experimental investigation (Guillot & Collet, 2008).     

Future integration of imagery interventions into musculoskeletal rehabilitation services can only 

be supported by evidence. Using previous studies that have targeted muscle-related functions with 

healthy participants (e.g. showing that muscle strength/activation outcomes are one of the most 

important physiological outcomes in musculoskeletal rehabilitation) is an important starting point. 

Thus, reviewing imagery interventions with strength-related outcomes could serve as background 

support for future imagery intervention implementation in varied clinical musculoskeletal 

conditions. The second line of evidence in this review is clinical studies that have used imagery 

interventions in connection with other therapeutic approaches in MSDs, specifically those with 

outcomes related to strength and physical function. However, the current review excludes studies 

related to neurological conditions, as well as those exploring the efficacy of imagery on pain 

outcome with MSDs, unless the pain outcome was used together with other physical function 

and/or strength outcomes. 
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However, coupling diverse training tools (physical or non-physical) with imagery training may 

influence the strength gains with positive or negative results; the specific role of imagery practice 

is unknown, as the imagery was not the sole component in the combined intervention 

programmes. 

Most previous studies used simple imagery intervention protocols (e.g. cognitive imagery) alone 

or in combination with other intervention methods. Although other imagery intervention models 

were proposed to improve the efficacy of imagery intervention training on skills and performance, 

Holmes and Collins (2001, 2002) proposed considering seven elements when planning imagery 

interventions, as follows: physical, environment, task, timing, learning, emotion and perspective 

(PETTLEP). This model is based on the notion that a functional equivalence exists between 

imagery and motor performance (for a review, see Holmes, Cumming, & Edwards, 2010).   

Indeed, considerable evidence suggests that adopting a PETTLEP imagery approach to practice 

leads to enhanced improvements in the performance of existing motor skills (e.g. Callow, Roberts, 

& Fawkes, 2006). This review will report on studies that used the PETTLEP approach for strength 

performance outcomes. For example, Wright, and Smith (2009) revealed that the PETTLEP 

imagery, physical practice and combination groups (PETTLEP and physical exercise) all showed 

significant improvements in weight lifting from the pre-test to post-test. The improvements 

achieved in the imagery practice (with a short relaxation) group was not significantly larger than 

that of the control group.  

An additional application of imagery training in MSD and rehabilitation concerning relevant areas 

could be used as a preventive intervention approach for reducing strength loss occurring after 

short periods of joint immobilisation. Some previous experimental studies with healthy 

participants have been conducted, such as that of Newsom, Knight and Balnave (2003), which 

examined the efficacy of imagery training (i.e. imagined squeezing of a ball for three sessions of 5 

min per day over 10 days) on muscle strength with healthy adults wearing an immobilisation cast. 

Their results revealed no significant change in wrist-flexion or extension strength in the mental-

imagery group, while the control group experienced a significant decrease in wrist-flexion and 

extension strength during the immobilisation period. Moreover, Clark, Mahato, Nakazawa, Law 

and Thomas (2014) revealed that imagery training (5 days/week during 4 weeks of 

immobilisation) can attenuate the strength loss of wrist-hand muscle by ~50% compared with a 

control group (no practice during the immobilisation period).  

As the application of imagery training during immobilisation showed encouraging results with 

healthy individuals, it was transferred to clinical populations. For example, Stenekes, Geertzen, 
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