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Abstract

Background: There is a phenomenon called “learned non-use” wherein early fruitless attempts to use the paretic arm lead to
behavioral suppression and maladaptive cortical remodeling. The most common reason for this is upper limb motor impairment
after a cerebrovascular accident (CVA). Conventional Constraint-Induced Movement Therapy (CIMT) is a successful way for
overcoming this disuse, but the high daily intensity of the therapy makes it difficult to comply with. Modified Constraint-Induced
Movement Therapy (mCIMT) is a promising option, yet the psychological modulators behind its success have not been examined
adequately. This narrative review intends to examine the cognitive, emotional, and behavioral mechanisms underpinning motor
recovery and the reversal of learned non-use in mCIMT.

Procedures and Structure: The theoretical bases we integrated in our research were Bandura’s Social Cognitive Theory from the
branch of behavioral psychology and experience-dependent neuro-plasticity from the domain of neurobiology. In this study we
scrutinized the structural differences between traditional CIMT and mCIMT procedures for patient adherence, caregiver load and
psychological well-being. The key findings are the associations of mCIMT with psychological mediators and neurobiological
engines (over expression of BDNF and map enlargement in the primary motor cortex M1). The “shaping” of incremental tasks
allows for mastering experiences that later on facilitate an increased sense of self-efficacy and less fear. Top-down cognitive
engagement, including activities such as active motor planning and problem solving, facilitates long-term potentiation (LTP).
These processes involve fronto-parietal networks. The behavioral transfer package (daily diaries and behavioral contracts) also
helps to relieve post-stroke depression, by altering the patient’s locus of control from an external reliance to an internal personal
agency. This then triggers the dopaminergic reward pathways. It decreases the intensity of the depression.

Clinical Implications/ Conclusion: Functional motor recovery depends on the physical repetition as well as an integrated psycho-
neuro-rehabilitation strategy. In comparison to standard CIMT, mCIMT is possible to maximize psychological adherence while still
maintaining functional results that are equal. Pre-intervention assessment should include cognitive preparedness, baseline mood
and self-efficacy to tailor treatment and optimize real-world translational outcomes.

KEYWORDS: Stroke Rehabilitation, Neuro-plasticity, Learned non-use, Constraint-Induced Movement Therapy (CIMT), Modified
Constraint-Induced Movement Therapy (mCIMT), Self-Efficacy, Behavioral Transfer Package, Upper Limb Recovery, Psycho-
Neuro-rehabilitation, Post-stroke depression; Motor recovery.

Introduction

A cerebrovascular accident (CVA) or stroke results from an interruption of blood flow to the brain and causes rapid
tissue damage. Arm weakness arises when the side of the brain that controls the arm is damaged by the stroke. It
can range from a minor loss of power to paralysis of one side of the body. Upper limb weakness after a
cerebrovascular accident (CVA), or stroke, is a frequent neurological impairment. This is mostly caused by the loss
of transmission of the motor signal from the contra-lateral motor cortex of the brain to the spinal cord.
Understanding the upper-limb impairment after stroke is critical for the planning of therapy strategies to restore
function. However, the decision of which upper limb disability to address and how is challenging because the
impairments are not static and numerous impairments may be present at the same time. Impairments can be
considered in terms of their functional repercussions and how they contribute to upper limb dysfunction. There are
3 major functional effects of impairments on upper limb function: (1) learned nonuse, (2) learnt improper use, and
(3) forgetting as indicated by behavioral study of tasks. The impairments that contribute to each of these functional
restrictions are outlined. According to the International Classification of Functioning, Disability and Health (ICF)
model, impairments can be defined as (1) impairments in body function such as a substantial loss or deviation in
neuromusculoskeletal and movement-related function associated with joint mobility, muscle power, muscle tone,
and/or involuntary movements, or (2) impairment in body structures such as a substantial deviation in structure of
the nervous system or structures related to movement, for example, the arm and/or hand. Both kinds of disability
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can be the result of a stroke. <

The functional restrictions in utilizing the affected upper limb after stroke are céuse_d by uppéﬂimb impairments
after stroke, and hence a comprehensive understanding of the underlying impairments‘is important for restoration
of upper limb function. However, there are two factors that make the understanding of upper limb limitations in a
given patient challenging. (1) Impairments are not fixed, that is, they may change in kind and nature as motor
recovery occurs, and hence treatment must alter to target the impairment(s) leading to dysfunction at any given
point in time. (2) There may be a number of impairments occurring at the same time, that is, a patient may present
with weakness of the arm and hand immediately after a stroke which may not have resolved when spasticity sets in
a few weeks or months later; hence there may be a layering of impairments over time making it difficult to decide
what to treat first.

Edward Taub’s original CIMT framework:

Constraint Induced Movement Therapy (CIMT) is a rehabilitation method that restricts the unaffected limb to
encourage the use of the limb afflicted by stroke. It involves restriction of the unaffected limb, forced use of the
affected limb and massed practice. This therapy was developed by Edward Taub, Professor of Psychology at the
University of Alabama at Birmingham. When patients failed and were frustrated, Dr Taub thought they developed a
‘learned non-use’ of the afflicted limb. This disuse of the leg made the limb worse. CIMT “constrains” the fully
functional limb to the body using straps or slings. The intensive therapy involves six hours a day, five days a week,
for three weeks, under tight supervision.

According to the various CIMT study, it beats other rehabilitation strategies. Stroke survivors with upper limb motor
impairment were assessed by Dr. Taub and his team about 4.5 years after stroke. Half of the participants underwent
CIMT and half received placebo therapy (strength, balance and stamina training, cognitive games and calming
exercises). Reduced arm mobility and use was monitored using a motor activity log (MAL) completed by the study
participants and their careers. The CIMT group improved by 1.8 points, but the control group did not. Two-year post
treatment MAL scores improved dramatically.

New research just published from the Jordan University of Science and Technology showed that four weeks of CIMT
combined with standard therapy improved stroke patients’ self-care and mobility. 6 months later these gains
maintained. Improved function of the leg injured by stroke may boost brain activity, study in Stroke: Journal of the
American Heart Association reveals. “This finding offers hope to researchers who believe it may be possible to
stimulate or manipulate areas of the brain to take over lost function, a process known as “cortical reorganization”.
Modified Constraint Induced Movement Therapy (mCIMT):

Modified restraint-Induced Movement Therapy (mCIMT) was designed with adjustments that allow less contact time
and more freedom from the arm restraint, while still using a physical/occupational therapy or kinesiology regime to
retrain the afflicted limb. For example, depending on the present study, normal contact time is as little as 1-2 hours
per day, 5 days per week of therapist contact time, with 5 hours per day in a sling and above. Results have been
shown to last a minimum of six months when exercise trends are maintained with workouts that develop both gross
and fine motor skills.

At Propel Physiotherapy, mCIMT can be used as part of tailored rehabilitation programmes where appropriate for
individuals with stroke, brain injury and hemiparesis. Physiotherapist can help in the implementation of an exercise
program for a hemiplegic person. Additionally, candiscuss with the rehabilitation team to know the best techniques
in progressing motions that would be helpful to bridge the gap from clinic to the community.

The latest research results provide compelling evidence that the mCIMT intervention may be able to induce
significant improvements in fine motor function and total upper limb performance of this stroke patient with MCA.
The therapy resulted in a decreased amount of time to complete tasks, an improvement in quality of mobility and
an increase in independence in daily activities. Our observations, in addition to suggesting that mCIMT may be a
useful therapy for stroke patients with MCA involvement, also give further support for the efficacy of mCIMT in
recovering control of upper limb function.

NEURO-PLASTICITY & REVERSING "LEARNED NON-USE":

The Mechanism of Neurobehavioral:
Learned nonuse is usually linked to stroke. The nervous system's hypotonic extremities cause futile attempts to use
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the more afflicted arm early after stroke. Later, the neurological system recdi'i'eﬁskaﬁd upper extremity function may

be possible, but the person does not use the arm because previous attempts faﬁTed, This de&éé'sing -utilization is——

linked to cortical restructuring, which invades the hand region of the motor cortex with\ér@as for more proximal arm
control. This rearrangement often hinders function (Moxon et al., 2014). The cycle of d\éﬁsr\t::-ased usage, adverse
cortical remodeling, and decreased use continues. There is now strong evidence that activity-dependent plasticity
can reverse this harmful cortical reconfiguration. The etiology of CNS insult in SCI is different from stroke, but a
similar cycle occurs: early after injury, hand use is frustrating and difficult, so the person learns (or is taught) to use
compensatory strategies to perform functional tasks. Later, when brain control may return, the compensatory
movement methods have become habitual and the person does not use the premorbid (normal) tactics.

The principle behind the mCIMT approach is to reverse the idea of ‘learned non-use’. In the acute post-stroke phase,
initiating movement of the paretic limb leads to discomfort, inefficient movement or failed motor attempts. Based
on the concepts of behavioral psychology: Failed attempts to move are negatively reinforced. The patient learns to
inhibit activity of the paretic limb. Compensatory reliance on the undamaged limb gives positive reinforcement
through effective task completion.

~ Neuroplasticity & Reversing Learned Non-use

Learned Non-Use &
Suppression of Lo v - -
Affected Limb

Pain / Frustration
(Negative Reinforcement)

- AN
ST

L , 7 7 —_ E { A
Increased Paretic Use [ % INCREASED CORTICAL
(mCIMT Intervention) @ REPRESENTATION

The Cortical Reorganization:

The limb that is not affected is immobilized, which requires the central nervous system to reactivate dormant

neuronal pathways within the motor cortex ipsilesional to the lesion. Results from research utilizing functional

magnetic resonance imaging (fMRI) and transcranial magnetic stimulation (TMS) suggest that mCIMT promotes:

= High repetition goal directed movement is connected with increased expression of neurotrophic factors such as
BDNF which is involved in synaptogenesis and axonal sprouting.

= Expansion of the primary motor cortex (M1) representation of the damaged extremity and shift of functional
activation from diffuse compensatory areas to specialized motor networks. This is known as map expansion.

PSYCHOLOGICAL MECHANISMS MEDIATING MOTOR RECOVERY:

Neuroplasticity is not simply an electrochemical occurrence . It also depends on the psychological condition of the
individual , their emotional reaction, and their level of cognitive engagement. The term "psychological mechanisms
mediating motor recovery" refers to the psychological, cognitive, emotional, and behavioral processes that are
responsible for the influence of mental factors on motor learning, neuro-plasticity, functional recovery, and
rehabilitation outcomes following a neurological injury such as a stroke or traumatic brain injury. This is a relatively
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new topic that brings together neuroscience, rehabilitation, psychology, anﬁ’mgtb\r learning. As such, it is a good

~ S —

option for a narrative review or a conceptual paper project. < —_—
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Figure -02

The Agentic Perspective of Bandura and the Concept of Self-Efficacy:

According to the Social Cognitive Theory developed by Albert Bandura, self-efficacy, which can be defined as the

idea that an individual is capable of carrying out acts, directly determines the amount of effort that is expended and

the level of persistence that is maintained.

Shaping is a technique that is utilized by mCIMT. This technique involves breaking down functional tasks into

incremental, attainable steps that are followed by immediate feedback loops.

= The term "mastery experiences" refers to the gradual and consistent achievement of motor skills during the
process of shaping.

= Positive Feedback Loops: As patients experience functional gains, their anxiety levels diminish, which in turn
leads to an increase in the amount of spontaneous real-world use of their paretic limbs (as measured by the
Motor Activity Log, for short).

Executive Function and Cognitive Activities Engagement:

Modified restraint-Induced Movement Therapy (mCIMT) requires a lot of cognitive attention, structured motor
planning and error correction, unlike passive physical treatment. This top-down cognitive activity engages a
frontoparietal network which in turn directs neuro-plasticity towards achieving the objective.

Patients actively problem solve movement strategies rather than passively follow movement patterns to drastically
increase long-term potentiation (LTP) at the synaptic level. This is because the patients are usually more active in
their movements.

Emotional wellbeing, Mood and Depressive Indications:

Depression is a frequent complication after stroke (post-stroke depression, PSD), affecting around one-third of
stroke survivors and is associated with poor functional outcome. Here’s how mCIMT can favorably affect mood:
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= The Behavioral Transfer Package: Utilising written behavioural contracts, home practice diaries and daily self-
monitoring shifts the patient’s locus of control from an external (reliance on t\her\gpists) to an internal (personal
agency) locus of control.

= Functional goals are reached in the process of shaping, and the dopaminergic pathways-are activated. This taps
into the brain's natural reward system, which improves motivation and helps fight learned helplessness.

COMPARATIVE ANALYSIS OF CONVENTIONAL Vs mCIMT

The structural differences as given in the figure 03 (table form) between standard and modified CIMT protocols are
directly accountable for the fact that mCIMT provides better psychological adherence, while maintaining similar
functional motor gains.

Cemparisen: Classic CIMT va. mSIT

Therapeutic Classic CIMT Modified CIMT

3 Psychological / Clinical Implication
Domain Framework (mCIMT) Framework

90% of waking Significantly reduces frustration, skin

Restraint

Buration hours (10-12 2 to 5 hours/day breakdown anxiety, and functional
hrs/day) helplessness.
Direct 6 hours/day of
st b 0.5 to 2 hours/day Prevents mental burnout and cognitive
Therapy continuous

S eue, ; R b
Intensity shaping distributed fatigue, keeping motivation high

Distributes motor learning, permitting
4 to 10 weeks consolidation and motor habit formation
in daily life.

Program 2 consecutive
Duration weeks

Low to Moderate High (Feasible in

Patient Higher retention rates lead to consistent
) (High dropout risk | home and outpatient N .
Compliance long-term neuro-plastic adaptation.
due to intensity) settings)
Careshar Severe (Requires Decreases interpersonal strain and
8 dg continuous Moderate to Low fosters a supportive home recovery
uragen
supervision) environment.

Figure -03 shows The structural distinctions between traditional and modified CIMT protocols directly
account for the improved psychological adherence of mCIMT with comparable gains in functional motor.

CLINICAL RELEVANCE AND PROSPECTIVE SCOPE:

With an awareness of the psychological underpinnings of modified cognitive-behavioral therapy (mCIMT), physical
and occupational therapists can shift their therapeutic emphasis from mere physical repetition to psycho-neuro-
rehabilitation.

1. Pre-intervention screening: equally necessary to assess patient's cognitive readiness, baseline depression and
motivation to engage in the intervention. The active extension of the wrist and fingers should also be tested.
2. Application of Cognitive-Behavioral Strategies: The daily logs and home problem-solving are the “transfer

package” to ensure that the motor gains acquired in the clinic will transfer to meaningful and autonomous
application in the real world.
Hybrid rehabilitation protocols have the potential to further boost neuroplastic activation while maintaining
a high level of patient engagement and satisfaction when used in conjunction with non-invasive brain
stimulation (i.e., transcranial direct current stimulation or retranscranial magnetic stimulation) or virtual
reality (VR).
mCIMT is built on several key concepts, one of which is the reversal of learned nonuse, first defined by Edward Taub.
After a stroke, patients often try to use the damaged limb, but these attempts are unsuccessful and they increasingly
rely on the undamaged limb instead. Importantly, this behavioral adaptation may act as a compensatory mechanism
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at first, but eventually helps to perpetuate disuse and contributes to maladaptive brain-remodeling. Based on the
literature reviewed for this publication, mCIMT appears to be able to stop this viéious_ cycle by providing controlled
opportunities to accomplish the job successfully. Shaping , repetition exercises , and. processes for behavioral
transfer are the opportunities . Patients so substitute avoidance behavior with active engagement and this in turn
enhances both functional recovery and adaptive neuroplasticity.

One of the main contributions of this review is that it assigns considerable importance to self-efficacy as a basic
modulator of motor recovery. According to Bandura’s Social Cognitive Theory, those who believe they can perform
a task successfully are more persistent, put up more effort, and remain motivated even when they experience
failures. In mCIMT patients are able to perform motor tasks of increasing difficulty using shaping strategies. This
leads to repeated mastery experiences that further increase the patient’s sense of self-efficacy. The increase of the
self-confidence of the individual causes a decrease of the anxiety related to limb usage and an increased
spontaneous use of the involved extremity in daily activities. The clinical importance of this behavioural change is
that functional gains observed in standardised assessments are more likely to be related to participation in real-
world activities when patients perceive themselves to be capable of independent mobility.

These results further stress the importance of cognitive participation in motor relearning. Similar to active workouts,
mCIMT requires continuous attention, problem solving, movement planning and error correction. Top-down motor
learning, controlled by frontoparietal networks of executive functions, is engaged by cognitively demanding activities
. This active involvement of the brain may encourage long-term potentiation, synaptic connection and task-specific
brain circuits. Theories of experience-dependent neuroplasticity have proposed that meaningful practice that
requires attention produces more stable changes in the brain than does repetitive movement without cognitive
involvement.

The review shows the under-appreciated significance of emotional well-being in rehabilitation results. One-third of
stroke survivors develop depression, which has been related with decreased adherence to, involvement in, and
functional progress from therapy. The mCIMT behavioural transfer package addresses these psychological barriers
through self-monitoring, home practice, behavioural contracts and meaningful goals. These tactics progressively
reallocate the center of control of the patient from the dependency on the therapist to self-agency, and the
performance of task stimulates reward-related dopaminergic circuits that serve as motivation and counteract
learned helplessness. These findings reflect the growing notion that rehabilitation after stroke has to address both
psychological and motor recovery.

This review further suggested that the outcome of rehabilitation relies not only on physical practice but also on
behavioral experience. The traditional rehab approach is based on repetition of exercises, whereas mCIMT applies
behavioral psychology to involve the patient in active participation, reflection, and skill transfer. This may explain
why mCIMT had higher long-term adherence and functional benefits than CIMT, despite less therapist contact. The
behavioral transfer package seems to connect clinic performance and meaningful community participation,
enhancing the ecological validity of rehabilitation outcomes.

These findings support a more comprehensive neurorehabilitation paradigm clinically where physiotherapists,
occupational therapists, neuropsychologists and rehabilitation physicians treat motor and psychological recovery
aspects. Thus, self-efficacy, motivation, depressive symptoms, cognitive preparedness, executive function,
treatment engagement, and impairment-based measurements should be routinely assessed before mCIMT.
Adapting therapy to these psychological features could improve patient engagement and adaptive neuroplasticity.
Psychology science + motor rehabilitation equals interesting research possibilities. Future studies should adopt
longitudinal designs to investigate the moderating effect of self-efficacy, motivation, and executive functioning on
the link between mCIMT and functional recovery. Functional MRI, EEG, functional near infrared spectroscopy and
transcranial magnetic stimulation may provide insights into the effects of psychosocial interventions on cortical
remodeling during rehabilitation. Augmenting mCIMT with virtual reality, non-invasive brain stimulation, Al-assisted
rehabilitation and mindfulness-based therapies could augment cognitive engagement and neuroplasticity. However,
intervention techniques, psychological outcome assessments and psychological mediators in neuroplasticity
research are diverse and few. Most studies focus on motor findings without measuring motivational, emotional or
cognitive elements, thereby making it difficult to establish causal correlations. Hence, future randomized controlled
studies should use established psychological assessments and neurophysiological biomarkers to better understand
the different pathways of recovery.

In conclusion, the outcomes of this investigation support the paradigm shift in stroke rehabilitation, from a
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movement-based approach that is the current standard of care, to an integréted psytho-neurorehabilitation model.
Although mCIMT continues to be a successful intervention for enhancing uppé"r-lir_r_)b recovéry] its effectiveness
seems to hinge on not just repetitive practice, but also on the psychological mechanisms that maintain interest,
reinforce learning and facilitate adaptive cortical remodeling. The success of mCIMT appears to hinge on these
mechanisms. By identifying and targeting these psychological factors rehabilitation outcomes may be greatly
improved and a more comprehensive framework for maximizing recovery after stroke may be provided.

CONCLUSION:

One of the most salient examples of the two-way interaction between mind and brain in stroke rehabilitation is the
Modified Constraint-Induced Movement Therapy (mCIMT). Learned non-use can be successfully treated by mCIMT,
without the psychological distress that is typical of conventional CIMT. This is done by restructuring restraint
procedures so that they are psychologically pleasing.

Other elements that contribute to the increase in motor performance from physical exercise are rebuilding one’s
sense of self-efficacy, engaging in cognitive activities, and positive dopaminergic reinforcement. These psychological
elements are the direct causes of the structural and functional neuroplasticity that is required for long-term motor
recovery.
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