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Activity-based therapies are the key component of stroke neurorehabilitation. The principle of these therapies is to provide

structuralized activities with adequate quantity and quality to induce plasticity for recovery. However, there are many

challenges in clinical and research settings, including a lack of standardization, limited dose and intensity, and variability

of responders. While the therapies with favorable plasticity use high intensity in animal studies with a range of 300–800

repetitions, achieving similar intensity in clinical settings has been challenging. 
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1. Introduction

Stroke is one of the leading causes of long-term disability worldwide. Stroke rehabilitation therapies aim to enhance

favorable neuroplasticity. With the advances in technology, the stroke recovery field is rapidly evolving and various

promising novel treatment approaches and technological advances are becoming part of the therapeutic armamentarium

to improve post-stroke recovery in both the post-acute and chronic phases.

2. Constraint Induced Movement Therapy

Constraint-Induced Movement Therapy (CIMT) is an effective and popular rehabilitation approach primarily designed to

improve the functional use of an affected limb in stroke patients. This therapy involves an intense functionally oriented

task practice of the paretic extremity along with restraint of the less-impaired extremity for most waking hours . The main

two principles of CIMT are (i) constraint of forced use of the less-affected limb with a splint or mitt, preventing its use

during 90% of the day and therefore promoting more frequent and intensive use of the more impaired limb; (ii) intensive

training of more affected limb with task-oriented, structured, and repetitive activities for up to 6 h a day for two weeks.

The history of constraint-induced therapy theory dates back to the early 1900s when the phenomena of motor disability

due to disuse was described in monkeys with pyramidal tract lesions by Franz and colleagues . Subsequently, they

provided the first documented evidence that these monkeys, forced to use their hemiparetic extremity by immobilizing the

better limb, had increased and faster recovery. It was hypothesized that the deafferentation leads to inactivity and

behavioral changes of not using the affected limb; “learned nonuse” could be overcome by behavioral strategies such as

CIMT . The current evidence is from the multicentered, randomized, single-blinded EXCITE trial, the first National

Institute of Health (NIH)-funded stroke neurorehabilitation trial, and the only randomized-controlled Phase III trial that has

shown efficacy in stroke recovery . EXCITE trial showed significant and clinically relevant improvement in upper

extremity motor function in patients with first stroke within the previous 3–9 months as a result of 10 days of CIMT therapy.

These clinical improvements persisted for at least one year after the intervention. Although this therapy was designed to

improve upper extremity weakness, further studies in the lower extremity suggested improvement in motor functions and

balance-related motor function . The current evidence supports the use of CIMT in stroke patients, particularly in upper

extremity motor recovery.

Besides the theory of overcoming “learned nonuse”, plasticity plays an important role in CIMT outcomes. Several studies

showed cortical reorganization after CIMT-based interventions by changes in the size and excitability of regions

representing the affected limb . Researchers evaluated the motor cortex changes with TMS motor mapping and

showed an increase in the size of hand muscles only in the ipsilesional hemisphere after CIMT treatment, as well as

changes in excitability corresponding to recovery . Given these changes in inter and intra-cortical excitability, further

investigations of CIMT in combination with non-invasive brain stimulation techniques are underway (NCT03826030).

Further studies are needed to develop biomarkers to identify the best responders and to guide concomitant interventions

to optimize the rehabilitation of stroke patients.
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3. Robot-Assisted Therapies

Robot-assisted therapies (RAT) are another novel modality in which patients are provided upper or lower limb therapy by

robotic devices rather than conventional hands-on therapy. RAT can provide a high-intensity standardized therapy, which

is thought to be important in motor cortex reorganization and promoting recovery. RAT aims to increase the capacity of

motor control of the paretic arm or leg, muscle strength, and upper limb capacity, and thus promote basic activities of daily

living.

As a proof-of-concept study, Takahashi and colleagues conducted a 3 week-long upper limb RAT in 13 patients with

stroke. They showed that RAT produced a significant motor gain in patients with moderate post-stroke motor deficits . In

a larger-scale, multicenter, randomized, and controlled trial, Lo and colleagues compared RAT, intensive comparison

therapy, and usual care in chronic stroke patients with moderate-to-severe upper-limb impairments . They showed that

RAT increased motor function in 36 weeks compared to standard therapy. However, RAT was not superior to intensive

therapy, which suggested that RAT was as good as intensive behavioral therapy. Similarly, Rodgers and colleagues

showed that compared with usual care, RAT did not lead to better motor recovery in patients with stroke-related moderate

to severe upper limb dysfunction . At this point, RAT is safe and induces positive effects in motor recovery after stroke,

but its superiority to usual intense therapy is yet to be proven . Overall, repetition and intensity are the key factors for

favorable motor recovery, and RAT is a promising alternative to conventional therapies to achieve these goals.

4. Telerehabilitation

Telerehabilitation is a method of delivering rehabilitation services remotely using communication methods. This therapy

aims to address the main challenges of providing higher doses of rehabilitation therapies, such as cost-related issues,

traveling difficulties, limited access to high-quality rehabilitation centers/providers, poor compliance, and dose limitations

of in-clinic therapy sessions. Furthermore, telerehabilitation’s principles of high intensity, easy access, and gamification of

tasks help to promote a higher quality of therapy by creating more challenging, motivating, and variable goal-oriented

tasks in more relevant environments with the supervision and feedback of therapists. A randomized, multicentered, non-

inferiority trial showed comparable efficacy of home-based telerehabilitation to traditional in-clinic rehabilitation, with

excellent adherence and higher arm movement repetition (average 1031 repetitions per day) .

Most studies enrolled patients with chronic stroke patients, but a recent study assessing the optimal time for motor

recovery showed that the task-specific motor therapies were most effective within the first 2–3 months, suggesting

enhanced neural plasticity in earlier stages after stroke . In clinical practice, the early initiation of rehabilitation is

challenging due to limited, fragmented, and often delayed transition care from initial hospitalization to in-facility

rehabilitation and/or to home settings. Telerehabilitation may address these challenges of transition and improve earlier

access to rehabilitation with better continuity of care. A recent feasibility study supports that telerehabilitation is feasible,

safe, and possibly efficacious in providing therapy to early stroke patients . Further controlled studies are needed to

expand the use of telerehabilitation.
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