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Resumo 

 

Introdução: Diversos estudos indicam que a intervenção precoce da fisioterapia pode levar a uma 

reorganização cortical mais rápida após o acidente vascular encefálico (AVE). No entanto poucos estudos 

consideram a evidência atual e a relação da neuroplasticidade e a neuro-reabilitação. Assim, compreender 

o estado da arte da intervenção em Fisioterapia é importante para potencializar os seus resultados, para 

que a janela terapêutica seja devidamente explorada. 

Objetivo: Analisar a intervenção da fisioterapia em doentes com AVE agudo, de forma a revelar a 

evidência em que se baseia e se os mecanismos neurofisiológicos estão associados. 

Métodos: A abordagem metodológica está de acordo com a JBI. A pesquisa foi realizada na Pubmed, 

PEdro e Web of science em dezembro de 2020, incluindo apenas artigos em português ou inglês. Foram 

incluídos artigos que focassem a intervenção da fisioterapia, numa população adulta, com AVE em fase 

aguda e em contexto de unidade de cuidados agudos. 

Resultados: Foram identificadas 14 categorias de intervenção em 37 artigos incluídos. 62% dos estudos 

não justificaram a escolha do método. As justificações encontradas, na sua maioria, são pouco focadas no 

conhecimento neurofisiológico existente. 

Conclusão: Foi encontrado um vasto leque de intervenções em que apenas 38% demonstraram 

justificações, consideradas insuficientes e imprecisas.  

 

 

 

 

 

Palavras-chave: Acidente vascular encefálico agudo, Fisioterapia, Reabilitação neurológica; Scoping 

review 
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Abstract  

 

Background: Neuroscience evidence indicates that early rehabilitation can guarantee better outcomes 

and quicker cortical re-organization after lesion. Although there are some studies related to the acute 

stroke physiotherapy intervention, it seems that few consider the evidence that link neuroplasticity and 

neurorehabilitation. Therefore, understanding the current state of the art of physiotherapy intervention is 

vital to potentialize the intervention so the enhance neuroplastic window is properly explored. 

Aim: 

evidence for the selection of the approach and if the neurophysiological mechanisms are associated. 

Methods:  was 

conducted across Pubmed, PEdro and Web of science in December 2020, including only studies in 

Portuguese or English. Studies included fo

population of adult acute stroke patients, in an acute care context. 

Results: Were identified 14 categories of interventions in 37 studies. 62

justification for the choic

knowledge 

Conclusion: A wide range of interventions was found in which only 38% showed justifications that were 

considered insufficient and imprecise. 
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1. Introduction  

 The World Health Organization enumerates stroke as the third main cause of mortality worldwide 

(World Health Organization, 2012). In Portugal the establishment of Via Verde tries to ensure a faster 

forwarding of patients to a  hospital and granting a faster first line treatment to reduce mortality rates and 

impairments (Sns & Convencionadas, 2019). In 2016, approximately 23 thousand stroke patients were 

hospitalized  in Portugal (Programa Nacional para as Doenças Cérebro-Cardiovasculares, 2017) and it still  

remains the  main cause of movement disability and disfunction (Chimatiro & Rhoda, 2019; Dimyan & 

Cohen, 2011).  

 In 2018 Guidelines for the Early Management of Patients with Acute Ischemic Stroke 

recommendations for rehabilitation are short in given the extension of the guideline. The advice for early 

rehabilitation in hospitalized stroke patients, being provided by interprofessional stroke care, is unchanged 

and with a high-quality evidence support since 2016 (Powers et al., 2018).  For other proposals, such as 

intensity of rehabilitation or assessment of functional impairments by an expert, the recommendation is 

strong but the level of evidence is moderate  based on randomized and non-randomized trials studies, 

making clear that the evidence in this field is still sparce (Powers et al., 2018). 

 The brain is a network with extremely dense interconnections, the haemorrhagic or ischemic 

block mechanism of stroke, leads to the interruption of neural connections, disrupting functional and 

structural networks, consequence of profound neurobiological changes following the injury (Kleim, 2011; 

Li et al., 2016). The changes observed in function are often related not only to local damage, but to the 

functional connection between different areas as proved by diaschisis (Carrera & Tononi, 2014). This 

process is responsible for the early distant neurophysiological changes within structurally intact brain 

areas, proximal and distal to the infarction, proving that the brain is a wide network (Carrera & Tononi, 

2014; Kleim, 2011).  

 At an early stage there is a maximal decrease in interhemispheric connectivity and the 

contralesional motor cortex has an increase in activity when there is movement contralesionally. Soon 

after, it is observed a  functional improvement that  is associated with progressive resolution of these 

secondary factors by neuroplasticity, and cortical activity shifts back ipsilesionally  (Carrera & Tononi, 

2014; Kleim, 2011)  On the days after stroke there is a significant enhancement in neuroplasticity and 

structural reorganization. This can last weeks, and months after the lesion (Carey et al., 2019; Krakauer et 

al., 2012).  The most important referral window for spontaneous recovery is up to 3months post-stroke, 

when neuroplasticity hits the plateau but his still adjustable  (Hara, 2015).  

 The re-organization of the network configuration and motor improvement is widely studied in 

sensorimotor cortex and is associated to the restitution of functional connectivity in the bilateral M1 

(Carrera & Tononi, 2014; Li et al., 2016). These findings lead to the assumption that early rehabilitation, that 



 2 

guarantees the increase of connectivity, can lead to better outcomes and to a better and quicker re-

organization after lesion. 

 There is no doubt that rearrangement is the key aspect of rehabilitation, were the study and 

intervention by learning-dependent neural plasticity principles is essential. The brain, and all his networks, 

will rely on the same neurobiological processes that was used before injury to adapt and code new 

behaviours or to re-acquire abilities (Kleim, 2011). Current evidence points out that there has to be an 

exposure to specific training experiences to potentiate reorganization (Carey et al., 2019; Kleim, 2011; 

Rothwell, 2012). Cortical changes only occurs with learning a new skill and not just with its repetitive use, 

this, combined with an active participation and a enriched environment, can deepen recovery  (Borich et 

al., 2015; Carey et al., 2019; Lotze et al., 2003). 

 This evidence, is related to the core functionality of the nervous system, and the integration and 

application of this knowledge in movement disfunction patients rehabilitation process is essential to the 

optimization of neuroplasticity empowerment, by boosting the reorganization of the network (Bo Nielsen 

et al., 2015; Kleim, 2011).  

  to remind that neural changes that occur following stroke can be adaptive or 

maladaptive (Carey et al., 2019; Kreisel et al., 2007). It s established that the choice of one strategy over 

another might define which aspect of neuroplasticity is enhanced, and could limit the efficacy of other 

forms of plasticity (Dimyan & Cohen, 2011; Kleim & Jones, 2008). This said, distinguishing recovery and 

restitution from compensation, on a functional and neural level, is vital to the rehabilitation process and 

also knowing that re-engaging residual brain areas, initially dysfunctional after injury, can be the key to 

recovery (Kleim, 2011; Kreisel et al., 2007). 

 Considering that rehabilitation follows a clear temporal outline, any approach must compete with 

the natural path of recovery and prove that considerably influences the dynamics of recovery in a positive 

way (Kreisel et al., 2007). Suitable neurorehabilitation should, therefore, guarantee proper restitution 

processes and is innately linked to learning and specific training  (Carey et al., 2019; Kleim, 2011)  

 In 2017 Coleman et al. published a narrative scoping study, concluding that the optimal time to 

begin rehabilitation remains inaccurate, though the evidence apparently points that initiation of 

intervention within the first 2 weeks is beneficial with the warning that in the first 24h may be harmful  

(Coleman et al., 2017). 

 While there are some studies related to the acute stroke physiotherapy intervention, it seems that 

few consider the evidence that link neuroplasticity and neurorehabilitation. This is illustrated in a study, 

that describes that the scarce existing evidence of physical therapy,  is fundamentally related to the  lack 

of  knowledge of neurophysiological mechanisms and the impact that  physical therapy interventions may 

do to those mechanisms (Veerbeek et al., 2014).  
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 Thus, understanding the current state of the art of physiotherapy intervention is paramount to 

potentialize the intervention in acute units, so the enhance neuroplastic window is properly explored and 

to acknowledge how and when to start the process of rehabilitation with a physiotherapist. 

 Taking this into account there are some questions that start to arise: what kind of approaches are 

made by physiotherapists after acute stroke? What is the evidence that support those approaches? Is the 

neuroscience knowledge considered? 

 Undertaking a scope review may allow to map and summarize literature (Lockwood & Tricco, 

2020; Peters et al., 2020) to  better comprehend if the mechanisms of neuroscience are integrated and 

explored in a physiotherapy plan of intervention.  

 The main objective of this scope is to map the interventions of physiotherapy on acute stroke 

patients, so it reveals the underlined evidence for the selection of the approach and how is neuroscience 

mechanisms perceived and integrated in the clinical reasoning. 
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2. Research question 

 Fitting with the objective previously stated, the main research question of this study is: What are 

the key features that fundament the selection of the intervention plan of physiotherapy on acute 

poststroke patients? 

This leads to the following sub- research questions: 

• Which interventions are established by physiotherapist for patients in the acute phase of stroke 

attending acute care units?  

• What are the intervention components? 

• What is the theory/framework underlining the selection of an intervention for acute post-stroke 

patients?  

 

3. Inclusion critera 

 The inclusion criteria were drafted using the population, concept, and context (PCC) framework, 

as proposed by the Joanna Briggs Institute (JBI) (Peters et al., 2020) lined up with the main research 

question. 

 

3.1. Population  

 To be included in the review, publications needed to target exclusively patients that suffered ans 

ischemic or hemorrhagic acute stroke, with 18years old or over.  Any study that focused on a population 

with any other pathology were excluded. 

 The framework of The Stroke Recovery and Rehabilitation Roundtable taskforce defined acute 

phase within a week of stroke onset but, considering the minor recovery research that commence in this 

time frame, the authors considered as acute a stroke that occurred in the last 3months earlier (Bernhardt 

et al., 2017). Reference of subacute, or early subacute were included considering that, in this referenced 

classification, these temporal terms are included in the time frame since the event until the 3 months 

(Bernhardt et al., 2017). Any study that considered the population as post-acute or that didn't characterize 

the population were excluded.  

 

3.2. Concept 

 Studies should describe, focus or implement a physiotherapy field plan of intervention that aims 

the functional recovery of patients with acute stroke.  Physiotherapy intervention, according to the World 

Physiotherapy is an intervention that aims to develop, mai movement 

and functional ability (World Physiotherapy, 2019). Studies focused on the approval or comparation of 
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interventions or therapeutic devices and not in the gains in movement and functionality of the patients, 

were excluded. Any intervention applied should present appropriate outcomes related to physiotherapy. 

Studies that focused on intervention outside the acute phase were excluded. Studies with occupational 

and speech therapy has main therapy our has a comparison were excluded. Any no-motor outcomes (e.g., 

aphasia) were excluded. 

 

3.3. Context 

 This review will focus on acute context in which the patients have to be inserted in a clinical, 

ambulatory, or acute care unit so it matches with an early phase/acute poststroke. Self- exercise and 

homed based protocols were excluded because the intervention must be delivered presently by a 

physiotherapist.  

 

3.4. Types of sources 

 It was included quantitative studies with comparative (RCT) and non-comparative methods (non-

randomized controlled trials, cohort study, case-control study, and cross-sectional analytic study). Case 

studies were included but not any other qualitative studies. Any type of review (narrative, systematic, 

umbrella), thesis, conference proceedings e technical reports were excluded.  

The full-text publication must be written in English or Portuguese. A specific time frame for the published 

studies was not defined, so it was included literature published in any time period, given the limited 

research in this area. 

 

4. Methods 

 Scoping reviews are legitimate review approaches characterised by a wider scope question 

(Munn et al., 2018). Having in mind the objective of this scoping and the broad of research questions the 

authors decide to realize a scoping review, because it seems the ideal toll to determine the state of art of 

a given topic, allowing a wide coverage of the studies available (Munn et al., 2018). Therefore, with this 

kind of review it is possible to map and identify what interventions are being undertook in the acute phase 

post-stroke allowing to clarify   

 It was previously defined a protocol where it was specified the objectives, inclusion criteria and all 

the remaining methodology for the scoping (Appendix I). This protocol was developed using Joanna Briggs 

Institute (JBI) guideline as the approach and presentation of the scoping (Peters et al., 2020). 
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4.1. Search strategy 

 To best outlined the key concepts, the primary search terms were defined making a translation of 

the research question into search terms having in mind the PCC mnemonic. Then, to identify potentially 

relevant documents and to best defined the search terms to each platform, it was conducted a 

comprehensive search in November 2020 in the following databases: Pubmed, PEdro and Web of science. 

After this search it was possible to define an appropriate search strategy also using text words of relevant 

articles, and keywords. The final search strategy was discussed and peer-reviewed by other authors (MD, 

MS, MG and FP.) using the Peer Review of Electronic Search Strategies (PRESS) checklist. 

 A main search using the final search strategy was run across all included databases (Pubmed, 

PEdro and Web of science) by one of the authors in December 2020. The search strategy was adapted to 

each database and can be consulted in Appendix II. The final search strategy for Pubmed is presented in 

Appendix III. 

 Thirdly, the reference list of the selected articles was examined by one author (SR) to check for 

any literature of interest. To focus the search the author looked for the titles of the 

studies and if the intervention were on a physiotherapy field of intervention. The selected studies were 

assessed for eligibility using the same inclusion criteria. 

 

 4.2. Source of evidence screening and selection  

 In was used Mendeley Desktop (version 1.19.4), to export and select the sources of evidence, 

previously eliminating duplicated articles.  

 Studies were first selected based on the title and abstract examination, having as guideline the 

pre-defined inclusion criterion specified in the protocol and above. This selection was made by two 

authors (MD and SR) that read the papers separately and then discussed and compared answers. Any 

disagreement was settled with a third author (MG). In this screening phase if the abstracts  

enough about the sample characterization (time post stroke, age) or about the focus of the study, the paper 

was included so the authors could guaranty a more deepened analysis in full text screening. 

It was elaborated and shared a standard data abstraction form to analyse and discuss the papers with the 

second author and, if needed, with the third.  

 Selected papers for full-text reading, were analysed by the same two authors and, again, if there 

were disagreements, they were resolved by the analysis of a third author. The same inclusion criteria were 

used.  

 In this phase, the studies considered relevant were collected from the references of the articles 

selected for full-reading and were analysed by the authors using the same criteria. 
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4.3. Data charting  

 One reviewer extracted independently the data of the included articles and fill up each chart.  The 

standardized charts were developed considering the purpose of the study, according to the scoping 

research question and inclusion criteria. The chart was shared with the second and third author to discuss 

if any relevant information to answer the research questions were lacking.  

 We extracted data on the study characteristics (author, year of publication and study design) and 

the sample (N, age, participant characteristics considering the inclusive and exclusion criteria from the 

study). To answer the question of which interventions are established for patients in the acute phase of 

stroke it was extracted the identification of the intervention (name if appropriate). Regarding intervention 

components, it was extracted, in synopsis, what approaches were established. Finally, the 

theory/framework underlining the intervention selection was also added to the chart. For this the author 

search across the introduction and methodology for a neurophysiological based justification, regarding the 

choice of procedures applied so it makes clear if neuroscience mechanisms are integrated in the clinical 

reasoning.  

 Like any other interactive procedure, the charts were adapted, and information added or retrieved 

along the analysis of the studies, the information about participant characteristics were withdrawal 

tively any of the research questions. 

 

4.4. Analysis and Presentation of the results 

 We summarize and present the studies characteristics and the data extracted from our sources 

of evidence in a table form and in a chart. The first table summarize the study characteristics like the study 

design, title, the sample characteristic, and the aim of the study. 

 The studies were analyzed, and the main interventions were obtained, grouping them in 

categories according to the type of intervention. This allow us to map the name of the interventions and 

present them in a graphic so it would be clear the frequency of each approach.  

 Next, the interventions components and the underline framework are presented in one table on 

appendix. The theory/framework, it  described in the last column so the answer What is the 

theory/framework underlining the intervention selection for acute post-stroke patients? is enlightened. 

Also, the main terms used in the justifications were retrieved, for each category of interventions and are 

presented in the chart for more clear understanding. A descriptive summary complement tables and chart 

results and explains how the results relate to the objective and research questions. 
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5. Results 

5.1. Search results 

 After the main search, it was identified 152 records from Pubmed, 54 from Webscience and 44 

from PEdro, making a total of 204 citations obtained from the selected databases. Of these, 45 were 

removed before screening by Mendeley software after detecting duplicated records. The titles and 

abstracts were screened by two independent reviewers, considering the inclusion criteria and, of 204 

reports 117 were excluded. Of the 87 reports left sought for retrieval only one was not retrieved so it was 

excluded. The remaining 86 were assessed for eligibility on full text. In this phase studies were mostly 

excluded because they didn't focus on an acute physiotherapy field plan of intervention (N=26) or showed, 

in the sample characterization, that the participants were out of the acute timeline (N=19). Reports were 

also excluded for not having a motor outcome (N=2), subjects were not inserted in acute context (N=4) and 

the intervention were mainly occupational therapy (OP) or speech therapy (ST). Thirty-seven were 

considered eligible for this review including four studies retrieved from the manual search of the 

bibliographic references of the included articles (Figure 1). 
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Figure 1- Flow-chart - Details the flow of information through the different phases of the review; maps out the number of records identified, included, and excluded, and the reasons for their exclusion  
(adapted from the PRISMA flowchart in (Page et al., 2021))
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5.2. Inclusion of sources of evidence  

 The sources of evidence included can be consulted on table 1 (Appendix IV). 

 All the included sources have as focus a physiotherapy field of intervention, where the adult acute 

stroke patients were observed and treated on acute context and the intervention, or the first evaluation 

after the baseline was not after 12 weeks post-stroke, being consequently able to relate to the review 

questions. 

 Table 1 (Appendix IV) shows the general characteristics of included sources of evidence. All 37 

articles that met the scoping review eligibility criteria are interventions studies and the majority are 

randomized control trials, with pilot studies and prospective studies. One case report was also included.  

 The studies diversify the publishing date from 1992 (Sunderland et al., 1992) to 2020 (Kumar et 

al., 2020; Park et al., 2020; Rahayu et al., 2020; Schinkel-Ivy et al., 2020). The sample sizes varied greatly,  

from two (R. K. Y. Tong et al., 2006) subjects to one hundred and fifty-six (Fang et al., 2003). In terms of 

age, all subjects were adults over 45 years old and not older than 86 years old.
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5.3. Review findings  

 

 

Figure 2- Chart representation of the interventions categories and the justified intervention
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5.3.1. Interventions established for patients in the acute phase of stroke  

 Analyzing the selected studies, we divided the interventions in fourteen categories and there are 

presented in figure 2. Eleven referenced a form of electrical stimulation as the main way of intervention  

(Berner et al., 2004; Faghri et al., 1994; K. et al., 2012; Nozoe et al., 2017; Solopova et al., 2011; Wang et al., 

2016; Yan et al., 2005; Yan & Hui-Chan, 2009; Yen et al., 2019; Yozbatiran et al., 2006; Zheng et al., 2018). 

Seven studies centered on gait training (Burnfield et al., 2016; Lau & Mak, 2011; Peurala et al., 2009; Rose 

et al., 2018; Teixeira da Cunha Filho et al., 2001; R. K. Tong et al., 2006; R. K. Y. Tong et al., 2006)   Other 

four studies considered interventions using robotic devices (Bartolo et al., 2014; Masiero et al., 2007; Park 

et al., 2020; Schwartz et al., 2009). Four studies point out interventions on tilt tables (Fujino et al., 2016; 

Kim et al., 2015; Kumar et al., 2020; Yadav et al., 2018) Two studies use acupuncture (Johansson et al., 

2001; Sze et al., 2002). The other nine remark nine different interventions, neurorestoration intervention 

(Rahayu et al., 2020), Vojta therapy (Epple et al., 2020), enhanced therapy combined with active learning 

to the arm (Sunderland et al., 1992), electromyographic feedback (Bradley et al., 1998),  constraint induced 

movement therapy (EL-Helow et al., 2015), additional early physiotherapy (Fang et al., 2003), additional 

trunk exercises (Babu & Nayak, 2011), balance training (Schinkel-Ivy et al., 2020) and intense therapy 

(Richards et al., 1993) 

 

5.3.2. Intervention components  

 Following data analysis of table 2 (Appendix V) we can verify what are the main components of 

the interventions applied. 

 Twenty-six authors compared the intervention in study 

in this category synonymous terms used by regular 

This category is not clearly defined given that it has different meanings in most of 

the studies. Englobes physical, occupational and speech therapy or physical therapy alone mostly defined 

by the therapist. The nomination of conventional seems to be related to approaches identified globally as 

strengthening (Da Cunha et al., 2002; EL-Helow et al., 2015; Epple et al., 2020; K. et al., 2012; Kumar et al., 

2020; Teixeira da Cunha Filho et al., 2001; Yadav et al., 2018; Zheng et al., 2018), stretching  (K. et al., 2012; 

Kim et al., 2015; Kumar et al., 2020; Solopova et al., 2011), mobility activities (Da Cunha et al., 2002; EL-

Helow et al., 2015; Epple et al., 2020; K. et al., 2012; Kumar et al., 2020; Teixeira da Cunha Filho et al., 2001; 

Yadav et al., 2018), neurodevelopment facilitation (Babu & Nayak, 2011; Bradley et al., 1998; Kim et al., 

2015; Sunderland et al., 1992; Sze et al., 2002; R. K. Tong et al., 2006; Yen et al., 2019; Zheng et al., 2018), 

mobilization exercises (Bartolo et al., 2014; Fujino et al., 2016; Kumar et al., 2020; Rahayu et al., 2020; 

Solopova et al., 2011; Yen et al., 2019), balance (Kumar et al., 2020; Yadav et al., 2018) and gait training 

(Teixeira da Cunha Filho et al., 2001; Zheng et al., 2018). This appoach wasn't used as comparison in seven 
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studies but was englobed in the subject's rehabilitation program as part of the hospital, acute care program 

(Berner et al., 2004; Johansson et al., 2001; Rose et al., 2018; Schinkel-Ivy et al., 2020; R. K. Tong et al., 

2006; R. K. Y. Tong et al., 2006; Zheng et al., 2018) One study referred that conventional therapy was 

"according to each patient clinical and functional assessment" (EL-Helow et al., 2015). 

  Of the thirty-seven studies included in this review eleven used as intervention a form of electrical 

stimulation. The stimulation is placed in motor points of the legs or arms to stimulate specific muscle. 

Three studies used FES combined with movement, like on the sequence of gait cycle (Solopova et al., 2011; 

Yan et al., 2005; Zheng et al., 2018) or used FNMES in the muscles that control the movement of the hand 

(K. et al., 2012) while others apparently  just applied the stimulation without function associated (Berner et 

al., 2004; Faghri et al., 1994). Two studies expressed the application of neuromuscular electrical 

stimulation applied in quadriceps muscle (Nozoe et al., 2017) or in the extensor hallucis and digitorum 

longus to explore the full-movement capacity but also without voluntary movement (Wang et al., 2016). 

Transcutaneous electrical nerve stimulation was also used in three studies, being applied on wrist and 

finger extensors for full extension (Yozbatiran et al., 2006), used and compared with neuromuscular 

stimulation in the tibialis anterior and quadriceps muscles of the stroke-affected lower extremity (Yen et 

al., 2019) and applied in acupuncture points in the affected lower extremity (Yan & Hui-Chan, 2009)  

 Gait training alone is included in five studies. Teixeira da Cunha Filho et al., (2001) used a body-

supported treadmill, initiating with 30% body weight support that was progressively decreased, inversely 

to velocity that was increased progressively (Teixeira da Cunha Filho et al., 2001). In the study of (Burnfield 

et al., 2016) the body weight support was also of 30% but maintain during data collection, while 

physiotherapists promote a movement pattern that closely approximated normal gait. Some studies only 

used harness for safety with no body-weight support and progress in the intervention by enhancing 

walking velocity (Lau & Mak, 2011). Only in one intervention the gait training was made overground 

focusing in backward walking or with standing tasks (Rose et al., 2018) The electromechanical gait trainer 

was used in one study were the subjects feet were placed on motor-driven footplates (Peurala et al., 

2009). Two studies delivered gait training using an electromechanical gait trainer with functional electric 

stimulation or, the electromechanical gait trainer alone. In both studies it promotes normal gait cycle in a 

symmetric manner and supported part or all each subject body weight. FES was applied to the paretic 

lower limb during the gait training  (R. K. Tong et al., 2006; R. K. Y. Tong et al., 2006) 

 Four studies engage robotic devices to intervein on acute stroke patients, with approaches 

centering on the upper limb or gait training. An exoskeleton legs (walkbot), with adjustments considering 

each  promote optimal gait cycle combined with a body weight support 

system (Park et al., 2020). Algo aiming on gait training, a robotic-driven gait orthosis, the Lokomat, was 

used with progressively reduction of body weight support (Schwartz et al., 2009). 
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 Regarding the upper limb, (Masiero et al., 2011) employed sensorimotor robotic training by 

NeReBot that assisted the patients forearm and hand through a repetitive pattern set by the rehabilitation 

team based on degree of patient impairment. (Bartolo et al., 2014) applied intensive rehabilitation program 

(conventional) combined with upper limb training with arm weight support so the subjects move their 

upper extremity focusing on goal-directed tacks. 

 Two studies used tilt tables to progressively tilt the subjects to a near vertical position, combining 

this procedure with patient's physiological leg movements during positioning (Yadav et al., 2018) or with a 

after exercise program for the upper extremities (Kumar et al., 2020; Yadav et al., 2018) In task-oriented 

training in tilt table, subjects in one group were strapped on the affected side to the table and perform 

diverse oriented tasks with the less affected lower limb while other just made tilt table training (Kim et al., 

2015). Fujino et al (2016), uses the tilt table to sit the subjects with no leg support, and to tilt the platform 

do the paretic side asking the subjects to move their trunk laterally to the non-paretic side using as visual 

clue, a vertical string in front of them. 

 Acupuncture was used in two studies, in one of them combined with transcutaneous electrical 

stimulation where the subjects were treated by applying the low frequency stimulation in the nonparetic 

side and on the hemiparetic side in 10 or 9 acupuncture points (Johansson et al., 2001).  

(Sze et al., 2002) also employed the technique in 10 acupoints but, besides acupuncture the patients 

receive conventional therapy. 

 Constraint induced movement therapy involved the constraint of the unaffected arm and to ask 

the subject to do motor tasks with difficulty adjustments  considering his motor capabilities (EL-Helow et 

al., 2015). 

 An intervention named by the authors "Neurorestoration interven  consisted on  several 

standard intervention protocols using  Bobath, PNF, Rood, Carr & Shepherd and CIMT contained three 

stages of intervention: cognitive, associative and automation (Rahayu et al., 2020) 

 Vojta therapy is presented by (Epple et al., 2020)  and used chest stimulation, between the 7th 

and 8th rib, to gain activation (no more characterization available). After, the subjects performed gait 

training if viable.  

 Enhanced therapy combined with active learning was applied by (Sunderland et al., 1992) as a 

form of giving more intensity to arm treatment and to promote the subjects and their families to participate 

in the rehabilitation process. The treatment techniques used included Bobath exercises, EMG biofeedback, 

micro-computer games and goal setting highlighting those tasks were of graded difficulty. 

 Electromyographic feedback was used to treat subjects in addition with physiotherapy where a 

problem list and treatment plan was drawn up for each patient. The EMG feedback was used  to give the 

subject auditory our visual live report of muscle contraction or relaxation levels while he performed and 

repeated  activity (Bradley et al., 1998) 



 15 

 A program of additional early physiotherapy was investigated in one study and was based mostly 

on Bobath techniques and in passive mobilization applied early after stroke (Fang et al., 2003) 

 Additional trunk exercises was used in the study of  (Babu & Nayak, 2011) where selective 

movements of the upper and lower part of the trunk in supine and sitting were performed by the intervened 

subjects . 

In the matter of balance training, reactive balance training strategy of intervention consisted in inducing 

loss of balance in the subjects through both internal (e.g. challenging voluntary balance tasks leading to a 

loss of balance) and external (e.g. push or pull from the physiotherapist) perturbations (Schinkel-Ivy et al., 

2020) 

 Intensive therapy approach target encouragement of gait relearning through locomotor activities 

that were adapted to the individual level of motor recovery the intervention was delivered  as early as 

possible and was intensive and focused approach to therapy that incorporated tilt table and a limb-load 

monitor, resisted exercises with a Kinetron isokinetic device, and a treadmill (Richards et al., 1993) The 

intensity seems to reside in the time spend in therapy and the amount of approaches used. 

 

5.3.3. Theory/framework underlining the intervention selection  

 Analysing figure 2, twenty-three studies corresponding to 62%,  

choice of method  (Babu & Nayak, 2011; Berner et al., 2004; Da Cunha et al., 2002; Faghri et al., 1994; Fang 

et al., 2003; Kim et al., 2015; Kumar et al., 2020; Lau & Mak, 2011; Nozoe et al., 2017; Peurala et al., 2009; 

Schinkel-Ivy et al., 2020; Sze et al., 2002; Yadav et al., 2018; Yan & Hui-Chan, 2009). Fourteen use 

neurophysiologic based theoretical framework to justify the choice of approach, what means that 

approximately 38 % of the  present justification. 

 The theory presentation is wide but focusing on themes like pontomedullary reticular formation 

modulation, stimulation of neuron growth factor proteins, promotion of neuroplasticity and cortical 

reorganization trough task repetition, neurophysiological reorganization trough motor activity, and even 

more metabolic themes emerge like the increase of transmitters and peptides liberation in brain and spinal 

cord.    

 Looking at the more complete information of table 2 (Appendix V) in similar strategies the 

justifications are alike, showing that might be consensus across studies on the theoretical framework 

used in each type of intervention.  

 Now, analysing each category of intervention on table 2 (Appendix V) on studies that used 

electrical stimulation solo or combined, the justifications can be that FES combined with movement to 

initiate early motion and consequently promote neurophysiological reorganization trough motor activity 

(Solopova et al., 2011) This perspective is also referenced by (Yan et al., 2005) adding the viewpoints that 

both active and passive mobilization have similar brain activation patterns and  highlights positive effect 
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of task repetition on motor learning. The speculation that Fes can influence cortical plasticity is also 

referred but with no elaborate theory (Zheng et al., 2018). Wang based his approach in evidence of brain 

activation in healthy subjects with neuromuscular electrical stimulation (Wang et al., 2016). One study 

refers the modulation of neural activity trough influence the excitability of the transcallosal pathway, has 

consequence of neuromuscular stimulation and that, this stimulation may encourage motor relearning by 

simulating the synchronized presynaptic and postsynaptic activity (Yen et al., 2019) 

 Gait training studies justify the intervention mostly by presenting evidence that the active 

participation of the subject and the repetition of the task can conduct to neuroplasticity (Burnfield et al., 

2016; R. K. Tong et al., 2006; R. K. Y. Tong et al., 2006) 

Walking backwards may cause increased cortical processing and more effective cerebral activation by the 

reduction of visual cues, imposing more effective feedback  systems response (Rose et al., 2018) 

 In robotic only one author give a neurophysiologic based justification established in the task 

repetition results on cortical reorganization having, as consequence, improve on functionality (Bartolo et 

al., 2014) 

 Johansson (2001) study on acupuncture and TENS justified the intervention by describing the 

metabolic effects of the approach that releases transmitters and peptides in brain and spinal cord.  It 

seems that the stimulus of the skin and muscle, training and experience may modify the cortical 

sensorimotor representation (Johansson et al., 2001)  

 The approach based on Vojta therapy seems to activate trunk musculature, enhancing postural 

control ability this, may correlate to the pontomedullary reticular formation and its involvement on 

anticipatory postural control. The authors also point out that there are parallels between motor recovery 

after stroke (relearning) and the acquisition of skilled movement patterns in human infants (innate/ 

Learning), so cortical reorganisation after brain injury due to stroke can be compared to those occurring 

during ontogenetic development (Epple et al., 2020) 

 Intensive early therapy is presented as a set of approaches including gait training. This 

intervention contributes to recovery because gait training represents a functional activity, potentially 

the early and intense amount of therapy has in mind the acute context of the subjects, when 

most gain occur respecting neural growth principles  (Richards et al., 1993). 

 Rahayu (2020), also justifies a set of standard approaches in the physiotherapy field with 

evidence that rehabilitation intervention stimulates the brain and consequently stimulates neuron growth 

factor proteins. 

 None of the other categories of interventions give any justification for the interventions. 
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6. Discussion  

 Undertaking this scope review allowed to summarize the interventions that are established by 

physiotherapists to acute stroke patients, understand their evidence and to better comprehend if the 

mechanisms of neuroscience are integrated in physiotherapy plans of intervention.  

 When it comes to recommendations of the ideal plan of intervention on acute stroke patients, 

there is no indication of consensus in the methodology. The basic mechanisms are still weakly known, and 

there are no commonly accepted guidelines and no specific recommendations regarding the timing, type 

and intensity of stroke rehabilitation (Coleman et al., 2017; Hara, 2015; Winstein et al., 2016). Still, 

is sufficient knowledge to understand the importance of including the different neurorehabilitation 

principles on clinical reasoning. Considering  that, rehabilitative interventions that are in line with 

neurofunctional adaptation,  support the natural course of recovery and enhance neuroplasticity by 

increasing the reorganization of the altered network (Kleim, 2011; Kreisel et al., 2007). 

 Fourteen main categories of interventions were retrieved and, 62% of the included articles, 

corresponding to twenty-three studies -based justification for the choice. 

 Eleven out of thirty-seven studies presented as intervention forms of electrical stimulation but 

only five justified that intervention (Solopova et al., 2011; Wang et al., 2016; Yan et al., 2005; Yen et al., 

2019; Zheng et al., 2018). Even though there are several published articles in this area, lear 

how this line of intervention can truly potentialize cortical reorganization processes and its effects are still 

questionable and studied in reviews (Eraifej et al., 2017; Veerbeek et al., 2014). This can be related to the 

fact that, even in animal trials, the role of electrical stimulation in the plasticity of the central nervous 

system remains unclear (Cecatto et al., 2014). Several reviews found some positive results, but not 

considerable, because included studies remain with a very low quality of evidence leading to insufficient 

proof of clinical benefit (Busk et al., 2020; Eraifej et al., 2017; Jaqueline da Cunha et al., 2021; Pollock et al., 

2013). Electrical stimulation can be delivered in various ways with main objective being to activate the 

motor system peripherally. A review study with eighteen included RCT that investigated NMES, show that 

in several there was non-significant effect size in range of motion, gait speed, balance or walking ability, 

effectiveness in various studies with outcome related to muscle tone and basic 

activities of daily living (see Veerbeek et al., 2014). Even when combined with robotic devices, in 

approaches to upper or lower limb,  in gait ability or when compared to 

intensive conventional arm training (Hachisuka et al., 2020; S et al., 2020). A few studies state that having 

in mind the parameters of stimulation, as pulse amplitude or duration, we can determine the neural fibres 

recruited, and therefore the capacity to influence spinal circuits and cortical networks (see Milosevic et al., 

2020). In a cortical level, stimulation of muscles and nerves showed, influence on primary (S1), secondary 

somatosensory (S2) areas and primary motor cortex (M1) (Avanzini et al., 2018; Ishii et al., 2021; T et al., 



 18 

2001). This cortical activations seem to be also related with stimulation in connexion with movement like 

FES or NMES (Blickenstorfer et al., 2009; Carson & Buick, 2021).  Milosevic et al. (2020) conducted a 

review and highlighted rising evidence suggesting that electrical impulses, which cross the spinal cord and 

rise to the brain, can induce short- and long-term neurophysiological changes and this may be the reason 

for some of the positive results on outcomes of FES studies but none of the articles were evaluated for its 

quality our risk of bias (see Milosevic et al., 2020). Having in mind that most reviews state the low quality 

of electrical stimulation studies, these results can be questionable. The proposed justifications found in 

this review, is mostly centred on the effects of electrical stimulation on neurophysiological reorganization 

through motor activity, active or passive and consequent influence on cortical plasticity, this goes in line 

with some poorly explored evidence. However, it  important to highlight that the findings are not clear 

and, even so, it was the most referenced category and, across the eleven studies that applied ES, only four 

combined with movement, that, according to evidence seems to have better outcomes. 

 Gait training is used in eight studies, mostly with body-weight-support on a treadmill or on the 

electromechanical gait trainer in which four give justification (Burnfield et al., 2016; Rose et al., 2018; R. K. 

Tong et al., 2006; R. K. Y. Tong et al., 2006). These interventions seem to be highly supported by evidence 

having several positive results on chronic and acute patients on gait speed, walking distance and basic 

activities of daily living, tudied 

(Takakusaki, 2013, 2017; see Veerbeek et al., 2014; Winstein et al., 2016). A guideline conducted by 

Winstein el al (2016) references that gait training is an activity progressively demanding and of sufficient 

intensity, frequency, and duration to engage activity-specific and functional task practice. This respects 

principles that demonstrate that specific training can potentiate neural reorganization (Kleim & Jones, 

2008; Rothwell, 2012). Looking at locomotion  acknowledged that gait results from a highly 

complex interaction of systems (Molinari, 2009; Takakusaki, 2013).  controlled by several cortical and 

subcortical systems, and, alongside the dislocation of the body, there is a constant relation to postural 

control. In the spinal cord netwo  along with 

the integration of supraspinal information and peripheral afferents ensures the success of the task 

(Molinari, 2009; Rothwell, 2012; Takakusaki, 2017). The systems work in partnership, sharing information, 

to maintain vertical support against gravity, maintain the center of mass within the base of support and to 

guarantee postural stability variable to task, having in mind ascending ad descending input, from several 

sources adapting constantly to it (MacKinnon, 2018; Rothwell, 2012). This evidence highlights the 

potential to nourish several systems through gait training and the capacity to influence a large scale of 

systems, pathways, structures and cortical in stroke rehabilitation. In the analyzed studies the reasoning 

resides, mainly, on active participation of the subject and that, repetition of the task can conduct to 

neuroplasticity processes, this goes in line with some evidence but is poorly developed considering the 

large scale of existing evidence.  
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 Intensive early therapy is presented has a set of intervention with focus on an early initiation and 

intense therapy (Richards et al., 1993). The intensity variable it's proven to be an important aspect of 

effective physical therapy, but shouldn't be only associated to the time spend in therapy, this variable can 

depend on other factors as reception for example (Kleim & Jones, 2008; Maier et al., 2019; Veerbeek et al., 

2014). There have been some studies that try do find an agreement or, mostly, try to prove the need for an 

early intervention. The AVERT trial, had some unexpected results when employed more frequent and 

higher amount of out-of-bed mobility, in terms of sitting, standing, and walking activity, showing less 

chances of favourable outcome at 3 months post stroke (Langhorne et al., 2017). Regarding evidence on 

animal, studies points out that in an early therapeutic window it more likely that the therapeutic method 

influences long terms outcomes but, unfortunately, humans studies are not yet clear about the perfect 

timing (Kreisel et al., 2007). Evidence also indicates that early rehabilitation, that guarantees the increase 

of connectivity, can potentialize most of the acute period, when an enhancement in neuroplasticity and 

structural reorganization exists (Carey et al., 2019; Krakauer et al., 2012).  Even though they have some 

evidence support, these variables are only explored in one study of this review, and the justification Is 

short, focusing on the potential of gait training being a sensorimotor stimulus from multiple sources and 

that early initiation of the intervention and intensity had in mind principles of neural growth in the acute 

phase not being clear about which ones.  

Robotics is also used in four studies with the implementation of exoskeleton and support systems 

to enhanced participation and movement experience but is justified by only one study  (Rahayu et al., 

2020). Other reviews show a positive effect size in the use of robotics in the upper limb for motor function, 

muscle strength, and  proximal and distal functions (see Veerbeek et al., 2014). In general, mechanically 

assisted walking with body weight support was found to be more effective than overground walking at 

improving independent walking in patients with no walking ability, early after stroke (see Winstein et al., 

2016). In over-ground robotic-assisted gait training, there was a positive results in all outcomes measures 

(W. A et al., 2021). On the other hand, in a RCT, subjects in the experimental group were treated with four 

different robotic and sensor-based devices and show no significant improvement in upper limb function 

in comparison to conventional therapy, which also happened in a robotic-assisted training that did not 

increase upper limb function compared with usual care (Aprile et al., 2020; H et al., 2020). These 

interventions can be associated to task-specific training. When analysing the principles of experience-

dependent neural plasticity it can be found reference of training and experience, and these activities seem 

to truly induce plasticity, but the training must be sufficiently relevant and active to cause cortical 

alteration and the experience must be meaningful (Kleim & Jones, 2008). Task repetition alone, without 

enough active participation of the subjects has been suggest that to have no have beneficial effects on 

cortical activity or even in learning processes recovery (Borich et al., 2015; Carey et al., 2019; Kleim & Jones, 

2008; Lotze et al., 2003). Training shoul about simple repetition, or as many repetitions as possible, 
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it should be about setting individual objectives for the tasks and skills that are to be acquired (Bo Nielsen 

et al., 2015). This kind of intervention may also lack variability, a key component on human movement and 

a sign of good function of the central nervous system allowing adaptability (Stergiou & Decker, 2011) The 

justification observed in this review also state that robotics allow participation and task/movement 

repetition resulting on cortical reorganization, being, therefore supported on task training evidence 

(Rahayu et al., 2020) 

 Acupuncture was used alone or with electric stimulation but there seems to be a lack of trials and 

of strong evidence that support its use (Lee et al., n.d.). This is reflected in reviews that, even though 

apparently the groups with electroacupuncture had better outcomes, show poor methodological quality 

of the articles with high risk of bias (see M et al., 2018; Zhan et al., 2018). In a study with a large sample, 

comparing acupuncture to physiotherapy there were no significant difference between group, showing 

similar effects the junction of approaches or each one by itself (Bai et al., 2013). The same happen in a 

recent pilot study comparing electroacupuncture to usual care when trying to prove results n spasticity (Y 

et al., 2021). In this scope review, only one study presented a justification but it doe  seem to be 

evidence-based (Johansson et al., 2001) 

 Vojta therapy is mostly used in paediatric subjects, which leads to lack of evidence of its used in 

adult stroke patients. Even so, there are some studies, mostly in healthy adults, that try to understand the 

efficacy of this approach, and if it has some influence on neurophysiological mechanisms but with hardly 

significant representativity because of the small sample sizes or poor results (G. E et al., 2018; J et al., 2018; 

SY & YH, 2016).  This therapy is associated to pressure stimulation and, the little data available mostly in 

experimental setting, shows activation of motor cortical representation with the peripheral stimulus. Also 

speculates that pontomedullary reticular formation, is influenced by pressure stimulation, and therefore 

its stimulation can modulate its activity (Hok & Hlustik, 2020). A randomized control trial with a vojta 

intervention compared to non-specific tactile input, showed significant results, assessed by 

electroencephalography, in the activation of bilaterally supplementary motor  and premotor areas, 

superior parietal cortex and the posterior cingulate cortex, but with records at the moment of stimulation 

or one minute after, not making clear if this activation influence neuronal change or adaptation (Sanz-

Esteban et al., 2021). Only one study hypothesis with pontomedullary reticular formation influence and, 

the suggested justification proposes this connection but, having in mind the shawl evidence, the presented 

reasoning is focused on a hypothesis and no in the evidence. 

 Neurorestoration intervention is a protocol that includes approaches as Bobath, Proprioceptive 

Neuromuscular Facilitation, Rood, Carr & Shepherd and constraint-induced movement therapy (Rahayu 

et al., 2020). 

 Bobath represents a way of problem-solving approach to assessment and treatment of 

individuals with disturbances of function, movement, and tone due to a lesion of the central nervous 



 21 

system, but being a concept that can englobe several tactics, lacks assertiveness in the  description of 

what is taken on by the specialized therapist (Michielsen et al., 2019; Vaughan-Graham & Cott, 2016). It 

seems that most of the current evidence points towards not existent or similar effectiveness  when 

compared with other therapies (BE et al., 2012; Chen et al., 2019; Langhammer & Stanghelle, 2000, 2011). 

Systematic review supports that, in several studies Bobath had no superior effect on outcomes when 

compared with other therapies, showing equal effect on muscle strength of the upper limbs and 

unfavourable effect on motor function, gait, arm-hand activities, basic activities of daily living and quality 

of life and, in a generalized view, Bobath concept is not superior to other approaches for regaining mobility, 

motor control of the lower limb and gait of patients after stroke (see Díaz-Arribas et al., 2019; see 

Veerbeek et al., 2014) In the guideline for adult stroke rehabilitation, neurodevelopmental therapies, 

including Bobath and Proprioceptive Neuromuscular Facilitation, are taken for equivalent or inferior to 

others methods (see Winstein et al., 2016). These results may be associated with the lack of specificity of 

this approached when included in trials since, according to literature from the Bobath framework, all 

intervention are based on learning principles like active participation, task-specific and context adaptation 

(Michielsen et al., 2019) This principles are highly recommended when talking about stroke rehabilitation 

(Bo Nielsen et al., 2015; Carey et al., 2019; Hara, 2015; Kleim, 2011; Kleim & Jones, 2008; Maier et al., 2019) 

 Constraint-induced movement therapy show strong evidence of beneficial effects in upper-

extremity function, associated with arm-hand activities, self-reported amount and quality of arm-hand 

use in daily life (see Veerbeek et al., 2014). This procedure showed positive effects in various studies when 

applied in group (D. A et al., 2017), compared with general fitness program (T. E et al., 2006) and combined 

with trunk restriction (Bang et al., 2015). This therapy is characterized by repetition and "use it or lose it" 

principles. Neuroplasticity theories state that repetitions is an important variable for motor learning, 

repeating skilled movements leads to localized changes in the motor cortex, but having attention in 

training new skills and new tasks to promote the expansion of cortical representation (Bo Nielsen et al., 

2015; Kleim & Jones, 2008; Veerbeek et al., 2014). Also, neural paths that don't actively engaged in task 

performance, for an extensive period, can lead to functional degradation (Kleim & Jones, 2008). In 

Constraint-induced movement therapy this principles is clearly employed by restricting the ipsilesional 

upper limb and forcing the use of the contralesional one, to guarantee the activation of the corresponding 

neuronal paths but it seems like a  poor methodology when looking at all learning-depend principles (Kleim 

& Jones, 2008). 

 Relatively to Rood, Carr & Shepherd, a method in the motor learning field, it seems to be capable 

of englobing several procedures, given that substantiate in numerous principles related to learning and, 

this principles, show neurologic effects concerning modulation of specific brain areas and recruitment of 

more  networks of brain regions (Maier et al., 2019). In the motor learning-based intervention found there 

are some optimistic effects when compared to Bobath and when used with EMG having in mind task-
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oriented principles, (Jonsdottir et al., 2010) (Langhammer & Stanghelle, 2011). Concerning the justification 

given for the application of this set of interventions, that are so largely discussed, is basically vague, 

affirming only that rehabilitation intervention stimulates the brain and consequently stimulates neuron 

growth factor proteins therefore we cannot acknowledged that is in accordance with evidence (Rahayu et 

al., 2020) 

  usually used the called "conventional" as the comparison group.  

The results of this scoping support that this category is not clearly defined and is focused on function and 

impairment reduction. Despite being used in several studies there  concern with  

individuality or any justification of the choice of tactics included. The limited attention to transfer of gains 

to real-life activities and to skills that are personally important for that subject is hardly reported but it 

should be understand that is critical (Carey et al., 2019). 

Taking a broad view, most of the protocols were not evidenced based, poorly justified,  

generalized, often considered the contribution from only one therapeutic field (the experimental one) with 

no regard to the complementarity of the processes,  no clear person-centered practice, with no attention 

to the specific motor dysfunction, or inherent heterogeneity of the subjects (Coleman et al., 2017). The lack 

of this presentation is referred in other studies, stating that research protocols continued vague on the 

exact experience provided to the subjects (Maier et al., 2019; Veerbeek et al., 2014)   

The fact that exists a critical window of growth and plasticity leaves no question that, there has to 

be prudent consideration of rehabilitation protocols, tailoring training to the type and extent of stroke 

(Hara, 2015). Bearing in mind the acute context it was expected that the choice of interventions was 

supported by evidence and considered facts as the abnormal cortex activity in acute patients, the shift of 

activity patterns, the promotion of network reorganization, or even considered more deeply the 

implications for rehabilitation of the principles of experience-dependent neural plasticity (Coleman et al., 

2017; Kleim & Jones, 2008; Maier et al., 2019). Evidence makes clear the importance of considering the 

broad principles of post stroke neuroplasticity, reflecting and integrating the knowledge of 

neurophysiology on clinical reasoning so the rehabilitation process can truly conduct  adaptive changes, 

restitution processes,  lead to recovery and the enhancement of neuroplastic window is properly explored 

(Carey et al., 2019; Kreisel et al., 2007).  

 Still, we can settle that the justifications where poor and on little agreement with the evidence of 

the true influence of the interventions on neurophysiological mechanisms, highlighting the lack of 

justification of the procedures, a problematic exposed in other reviews that affirmed that few authors 

consider the evidence that link neuroplasticity and neurorehabilitation (Veerbeek et al., 2014). 
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7. Limitations 

 This scoping review has some limitations, the first one considered was the number of researched 

data based used and the lack of search of grey literature, which could had limited the number of studies 

analyzed and, therefore, included. Another limitation was the short period of researched, restricted to one 

month. The last limitation considered was that only one reviewer extracted the data of the included articles 

and filled up the charts. This would be a more accurate process if a minimum of two researchers did it 

independently followed by a discussion. We tried to overcome this limitation by having another two 

authors analyzing the charts. 

 

 

8. Conclusion 

 There seem to be lacking knowledge about which kind of interventions are applied in acute stroke 

patients and if the current neuroscience knowledge is considered.  So, the main objective of this scoping 

review was to map the interventions of physiotherapy on acute stroke patients, so it reveals the 

underlined evidence for the selection of the approach and how are the neuroscience mechanisms 

perceptualized and integrated in clinical reasoning. 

 The results of this scoping review show that there is a wide range of interventions being applied 

in the acute context with little in common between them. There is hardly any justification regarding the 

choice of each of them in the studies. The main emphasis and justification at the time of selection seems 

to be little focused on neurophysiological knowledge, since most authors did not present any justification 

in this field and those who did, did so superficially, using catchphrases and hypothesis with almost no 

consideration to true post-stroke neurological mechanisms. 

 This scoping review shows that, maybe, there must be a shift on the form to assess and treat 

acute stroke patients. This will require a change in the assessment of the patients, particular attention 

regarding outcome measures and, specially, consideration on the choice of procedures included in 

intervention plans. It's urgent to better understand how physiotherapy can truly influence the 

neurophysiological mechanism post stroke and integrate this knowledge in physiotherapy clinical 

reasoning. 
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 Appendix  

 

Appendix I  Protocol 

Evidence for early physiotherapy after acute stroke: a scoping review protocol 

 

1. Objectives and research question 

 This scoping review addresses the following question: What are the key features that fundament 

the selection of the intervention plan of physiotherapy on acute poststroke patients? 

Therefore, the main objective of this scoping review is to analyse the intervention of 

physiotherapy on acute stroke patients, so it reveals the underlined evidence for the selection of the 

approach and how is neuroscience mechanisms perceptualized and integrated in the clinical reasoning 

 

2. Introduction 

 The world health Organization enumerates Stroke as the third main cause of mortality worldwide 

(World Health Organization, n.d.) and nowadays still remains the  main cause of movement disability and 

disfunction (Chimatiro & Rhoda, 2019; Dimyan & Cohen, 2011). 

 Findings in neuroscience field leads us to believe that early rehabilitation can guarantee better 

outcomes and quicker cortical re-organization after lesion (Carrera & Tononi, 2014; Li et al., 2016). 

Although there are some studies related to the acute stroke physiotherapy intervention, it seems that not 

many consider the evidence that link neuroplasticity and neurorehabilitation (Veerbeek et al., 2014).  

Therefore, understanding the current state of the art of physiotherapy intervention is vital to potentialize 

the intervention so the enhance neuroplastic window is properly explored and to acknowledge how and 

when to start the process of rehabilitation. 

3. Inclusion criteria 

• Population  

 To be included in the review, publications needed to target exclusively patients with an ischemic 

or hemorrhagic acute stroke that occurred with 18years old or over.  

Any article that approaches or focus on a population with any other pathology were excluded.  

 The framework of The Stroke Recovery and Rehabilitation Roundtable taskforce defined acute 

phase within a week of stroke onset but, considering the minor recovery research that commence in this 

time frame, the authors considered as acute a stroke that occurs within 3months earlier (Bernhardt et al., 
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2017) . Reference of subacute, or early subacute were included considering that, in this referenced 

classification, these temporal terms are included in the time frame since the event until the 3 months 

(Bernhardt et al., 2017). Any paper that considered the population as post-acute were excluded. Papers 

with no population characterization were also excluded.  

 

• Concept 

 The paper should describe, focus, or implement a physiotherapy field plan of intervention that 

aims the functional recovery of patients with acute stroke.  Physiotherapy intervention, according to the 

(World Physiotherapy, n.d.) is an intervention that ai

maximum movement and functional ability.  

Papers focusing on the approval or comparation of interventions or therapeutic devices and not in the 

gains in movement and functionality of the patients, were excluded. Any intervention applied should 

present appropriated outcomes related with physiotherapy. Papers that show intervention that occur out 

of the acute phase were excluded.  

 Papers with occupational and speech therapy has main therapy our has a comparison were 

excluded. Any not motor outcomes (eg aphasia) were excluded. 

 

• Context 

 This review will focus on acute context in which the patients have to be inserted in a clinical, 

ambulatory, or acute care unit so it matches with an early phase/acute poststroke. Self- exercise and 

homed based protocols were excluded because the intervention must be delivered presently by a 

physiotherapist.  

 

• Types of sources 

 It was included quantitative studies with comparative (RCT) and non-comparative methods (non-

randomized controlled trials, cohort study, case-control study and cross-sectional analytic study). Case 

studies were included but not any other qualitative studies. Any type of review (narrative, systematic, 

umbrella), thesis, conference proceedings e technical reports were excluded.  

 The full-text publication must be written in English or Portuguese. 

 It was not defined a specific time frame, so its wat included literature published in any time 

because of the limited search in this area. 

 

4. Search Strategy 

 The search was made in 3 phases and was developed as advised by the evidence-based guideline 

for Peer Review of Electronic Search Strategies (PRESS). 
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1. We undertook a pilot search (November 2020) to identify the best search terms and 

keywords. This way, it was possible to best defined the search terms to each platform. It was 

used PubMed, Pedro and Web of science. This preliminary search was made by the PCC 

mnemonic using the following search terms (table 1) 

 Primary search term Synonyms 1 Synonyms 2 

P acute stroke - - 

AND Adults - - 

C Physical Therapy 
physical therapy 

modalities 
 

C 
ambulatory care 

facilities  
Care units 

neurological 

rehabilitation 

 

2. A second search (main search) using all identified keywords and index terms will be 

undertaken across all included databases, Pubmed, Pedro and Web of science by one of the 

authors and peer-reviewed by another author in December 2020. 

3. Thirdly, the reference list of the articles that were selected to full-text analysis will be 

examined and the selected references will be analysed by the authors using the eligibility 

criteria.  If any of the articles is not available for full-text reading, the authors will be contacted. 

 

5. Source of evidence selection 

 Studies will be uploaded to Mendeley Desktop (version 1.19.4), to export and select the sources of 

evidence, previously eliminating duplicated articles. Then the studies, will be first selected based on the 

title and abstract examination, having as a guideline the pre-defined eligibility criterion. This selection will 

be made by two independent authors (MD and SR) after the elimination of duplicated articles. Any 

disagreement will be settled with a third author. 

 Selected papers for full-text reading, will be then analyzed by the same two authors and, again, if 

there were disagreements, they were resolved by the analysis of a third author. The same inclusion criteria 

will be used.  

 In this phase, the studies considered relevant will be collected from the references of the articles 

selected for full-reading and will be analyzed by the authors using the same criteria. 

 

6. Data extraction 

 One reviewer will extract independently the data of the included articles and fill up each chart.  The 

standardized charts were developed considering the purpose of the study and according to the scoping 

research question. The chart will be shared with the second and third author to discuss if any relevant 

information to answer the research questions were lacking. The charts can be altered, and information 

added along the analysis of the papers. 
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 We expect to obtained data on the study characteristics (author, year of publication and study 

design), and, to answer ich one the research questions we will retrieve:  

1. Sample characteristics, so it can be analyzed the population addressed 

2. Identification of the intervention (name if appropriate).  

3.  

4. The theory/framework underlining the intervention selection was also added to the 

chart. 

 

7. Analysis of the evidence and presentation of the results 

 We intend to summarize and present the data extracted from our sources of evidence in a chart 

form, this can be refined as we collect data once we take notice of the data that can be extracted from the 

papers.  

 In this moment we expect to have the results in one single chart, classified under main 

conceptual categories as: population including sample, n and age and participant characteristics and 

concept with the identification of the intervention, its components, characteristics, duration, frequency, 

start date and the theory/framework underlining. 

 After the charting process, to best present the evidence we will present a descriptive summary 

relating the data to our research questions 

  



 38 

Appendix II – Search strategies for each database 

 

Database Search strategy 

Pubmed 
("acute stroke") AND ("physical therapy modalities") AND 

("neurological rehabilitation") -   Filters: Adult: 19+ years 

PEdro "acute stroke"; physiotherapy  

Web of science 
"acute stroke" physiotherapy* 

web of science categories: (rehabilitation ) 

 

 

 

Appendix III  Complete search strategie for Pubmed 

Search: ("acute stroke") AND (physical therapy modalities) AND 

(neurological rehabilitation) Filters: Adult: 19+ years 

 

"acute stroke"[All Fields] AND ("physical therapy modalities"[MeSH Terms] 

OR ("physical"[All Fields] AND "therapy"[All Fields] AND "modalities"[All 

Fields]) OR "physical therapy modalities"[All Fields]) AND ("neurological 

rehabilitation"[MeSH Terms] OR ("neurological"[All Fields] AND 

"rehabilitation"[All Fields]) OR "neurological rehabilitation"[All Fields]) 

 

Translations 

 

physical therapy modalities: "physical therapy modalities"[MeSH Terms] 

OR ("physical"[All Fields] AND "therapy"[All Fields] AND "modalities"[All 

Fields]) OR "physical therapy modalities"[All Fields] 

neurological rehabilitation: "neurological rehabilitation"[MeSH Terms] OR 

("neurological"[All Fields] AND "rehabilitation"[All Fields]) OR "neurological 

rehabilitation"[All Fields] 
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Appendix IV - Characteristics of included sources of evidence 

Table 1- Characteristics of included sources of evidence 

Author/Date Title Study design 
Sample 

(N; age (years)) 
Aim 

(Rose et al., 2018) 
A backward walking training program to improve 

balance and mobility in acute stroke 

Pilot Randomized 

Control trial 

N = 18 

 

BWT 53.8 ± 12.1  

SBT 66.6 ± 7.3  

Determine the feasibility of administering BWT program in an acute inpatient 

rehabilitation setting and compare the effectiveness of BWT to SBT on walking 

speed, balance, and balance related efficacy in acute stroke. 

(Teixeira da Cunha Filho 

et al., 2001) 

A comparison of regular rehabilitation and regular 

rehabilitation with supported treadmill ambulation 

training for acute stroke Patients 

Pilot Randomized 

Control trial 

N = 15 

 

REG: 59.67+1358  

STAT: 57.83 ± 5.56 

Compare differences in motor recovery between regular rehabilitation and regular 

rehabilitation with supported treadmill ambulation training 

(Zheng et al., 2018) 

A randomized clinical trial of a functional electrical 

stimulation mimic to gait promotes motor recovery and 

brain remodeling in acute stroke 

randomized, 

placebo-controlled 

trial 

N=48 

 

Fes-4 59 ± 11 

Fes-2 60 ± 9 

Fes-p 59 ± 9 

investigate the effectiveness of a patterned electrical stimulation functional 

electrical stimulation (FES) mimic to gait in motor recovery among stroke 

survivors and to investigate possible mechanisms through brain fMRI 

(Fang et al., 2003) 
A study on additional early physiotherapy after stroke 

and factors affecting functional recovery 

A prospective, 

randomized, 

controlled study 

N= 156 

 

AEP: 65.49 ± 10.94 

RT: 61.8 ± 10.94 

investigate whether additional early physiotherapy after stroke 

improved functional recovery in stroke patients 

(Johansson et al., 2001) 
Acupuncture and transcutaneous nerve stimulation in 

stroke rehabilitation 

Randomized, 

Controlled Trial 

N= 150 

 

Acupuncture 76±9 

TENS 77±9 

Subliminal 76± 11 

Effects of acupuncture and transcutaneous electrical nerve stimulation on 

functional outcome and quality of life after stroke versus a control group that 

received subliminal 

electrostimulation. 

 

(Babu & Nayak, 2011) 

Additional trunk training improves sitting balance 

following acute stroke 

pilot assessor 

blinded randomized 

controlled trial. 

N= 20 

 

Control: 57.8± 13.49 

Experimental: 59.5 ± 

12.09 

Investigate whether provision of additional trunk training improves sitting balance 

following acute stroke. 

(Bartolo et al., 2014) 

Arm weight support training improves functional 

motor outcome and movement smoothness after 

Stroke 

single-blind, 

randomized 

controlled 

trial. 

N=38 

 

57.3±11.2  

Evaluate the effectiveness in acute stroke inpatients of a program of motor 

rehabilitation designed to promote recovery of upper limb function 
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(Solopova et al., 2011) 

Assisted leg displacements and progressive loading by 

a tilt table combined with Fes promote gait recovery in 

acute stroke 

randomized 

controlled 

trial 

N= 61 

 

64 ± 18 

Provide support for the importance of early motor rehabilitation in stroke patients, 

and to introduce a novel motor neurorehabilitation system combining three 

aspects of treatment: 

1) gradual verticalization of the patient in the supine position, 

2) passive or active locomotor-like movements 

3) step-synchronized FES of leg muscles 

(Kumar et al., 2020) 

Comparison between erigo tilt-table exercise and 

conventional physiotherapy exercises in acute stroke 

patients 

pilot randomized 

controlled trial. 

N= 110 

 

51.08±7.48 

To compare the effectiveness of exercises using an Erigo tilt-table and 

conventional physiotherapy in the rehabilitation of acute stroke patients 

(Sze et al., 2002) 
Does acupuncture have additional value to standard 

Poststroke motor rehabilitation? 

prospective, single-

blinded RCT 

N=106 

 

Intervention:69.3±9.6 

and 69.7±11.0 

control: 71.9±7.5 and 

72.5±6.8 

whether acupuncture has additional value to standard poststroke motor 

rehabilitation. 

(Fujino et al., 2016) 

Does training sitting balance on a platform tilted to the 

weak side improve trunk control in the acute phase 

after stroke? 

randomized 

controlled trial 

N= 30 

 

Experimental:67.9± 7.8 

Control 64.4 ±7.5) 

The purpose of the present study was to examine the effects of lateral sitting 

training on a tilting platform on trunk functions in persons with acute stroke. 

(Bradley et al., 1998) 
Electromyographic biofeedback for gait training after 

stroke 

randomized 

controlled trial 

N=23 

 

Mild control 77 

Mild EMG 66.6  

Severe control 68  

Severe EMG 72.4 

To examine the effects of electromyographic (EMG) biofeedback training on the 

recovery of gait in the acute phase post stroke. 

(Rahayu et al., 2020) 

Effectiveness of physiotherapy interventions in brain 

plasticity, balance and functional ability in acute stroke 

survivor 

parallel two-arm 

randomized 

controlled trial 

N= 64 

 

Intervention 58.84 

(8.681) 

Control 59.93 (10.647) 

investigate the effect of physiotherapy interventions on brain neuroplasticity by 

evaluating the brain plasticity regeneration, balance and functional ability 

(Park et al., 2020) 

Effects of innovative hip-knee-ankle interlimb 

coordinated robot training on ambulation, 

cardiopulmonary function, depression, and fall 

confidence in acute hemiplegia 

randomized control 

trial 

N= 14 

 

72.8 ± 9.9  

 

compare the effects of Walkbot locomotor training (WLT) with conventional 

locomotor training (CLT) on balance and gait, cardiopulmonary and psychological 

functions and fall confidence in acute hemiparetic stroke. 

 

(Peurala et al., 2009) 

Effects of intensive therapy using gait trainer or floor 

Walking exercises early after stroke 

randomized 

controlled trial 

N= 56 

 

GT: 65.7 (9.2) 

Walk 65.3 (9.9) 

CT: 69.5 (11.0) 

Evaluate gait ability and gait rehabilitation very early after stroke, in 3 groups. 

body-weight-supported exercise on the gait trainer (GT); walking exercise over 

ground (WALK); and conventional treatment (CT). 
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(K. et al., 2012) 

Efficacy of functional neuromuscular electrical 

stimulation in the improvement of hand functions in 

acute stroke survivals 

Randomized 

controlled 

trial 

N= 30 

 

45 to 75  

Evaluating and comparing the efficacy of conventional physiotherapy and if 

adding FNMES will make any better outcome in the acute stroke survivals 

 

 

(EL-Helow et al., 2015) 

Efficacy of modified constraint-induced movement 

therapy in acute stroke. 

prospective 

comparative study 

N= 60 

 

CRP 52.70±9.87 

CIMT 53.90±7.26 

Functional and neurophysiological assessed the efficacy of m-CIMT on functional 

recovery of upper extremity in acute stroke patients 

(Nozoe et al., 2017) 

Efficacy of neuromuscular electrical stimulation for 

preventing quadriceps muscle wasting in patients with 

moderate or severe acute stroke: a pilot study 

Pilot study 

N=28 

 

68 ± 11  

The purpose of this study was to investigate the efficacy of NMES for preventing 

quadriceps muscle wasting in patients with moderate or severe acute stroke 

(Yozbatiran et al., 2006) 
Electrical stimulation of wrist and fingers for sensory 

and functional recovery in acute hemiplegia 

Controlled clinical 

trial with alternate 

allocation 

N= 36 

 

TENS 69.5+14.0  

CONTROL 66.7+11.2  

 

investigate the effects of short-term electrical stimulation in conjunction with 

neurodevelopmental exercises, on sensorimotor and functional recovery of 

hemiparetic upper limb in acute stroke patients 

(Sunderland et al., 1992) 
Enhanced physical therapy improves recovery of arm 

function after stroke 

randomized 

controlled design 

N= 132 

 

age: ----- 

In this study, orthodox therapy was compared with an enhanced therapeutic 

regime which increased the amount of therapy for the arm and used behavioural 

methods to encourage active learning during treatment 

(Wang et al., 2016) 

Full-movement neuromuscular electrical stimulation 

improves plantar flexor spasticity and ankle active 

dorsiflexion in stroke patients 

randomized, single-

blind, controlled 

study. 

N=68 

 

Control 51.81 (10.41)  

S-NMES 49.47 (9.44)  

M-NMES 49.68 (9.75)  

F-NMES 50.17 (9.80)  

investigate whether full-movement neuromuscular electrical stimulation, which 

can generate full range of movement, reduces spasticity and/or improves motor 

function more effectively than 

control, sensory threshold neuromuscular electrical stimulation, and motor 

threshold neuromuscular electrical stimulation in sub-acute stroke patients 

 

(Yan et al., 2005) 

Functional electrical stimulation improves motor 

recovery of the lower extremity and walking ability of 

subjects with first acute stroke 

single-blind, 

stratified, 

randomized control 

design. 

N= 46 

 

FES 68.2+7.7  

Placebo 73.3+8.1    

SR 70.4+7.6  

Examines whether FES, given during acute stroke, was more effective in 

promoting motor recovery of the lower extremity and walking ability than 

standard rehabilitation alone. 

(R. K. Y. Tong et al., 2006) 

Gait training of patients after stroke using an 

electromechanical gait trainer combined with 

simultaneous functional electrical stimulation 

Case report 

N= 2 

 

Age: A:75; B:59 

Describe and discuss the gait training and performance details of 2 patients who 

underwent combined FES and gait training intervention in their rehabilitation, with 

a focus on the application of daily FESgait training intervention sessions and 

follow-up methods. 

(Schinkel-Ivy et al., 2020) 

Improvements in balance reaction impairments 

following reactive balance training in individuals with 

sub-acute stroke 

secondary analysis 

of a prospective 

cohort study with a 

historical control 

group 

N= 50 

 

RBT 56.0 (13.0) 

historical control 63.0 

(14.0) 

valuate whether greater improvements in common balance reaction impairments 

occurred in individuals with subacute stroke who participated in  Reactive balance 

training (RBT), relative to traditional balance training 
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(Burnfield et al., 2016) 

Partial body weight support treadmill training speed 

influences paretic and non-paretic leg muscle 

activation, stride characteristics, and ratings of 

perceived exertion during acute stroke rehabilitation 

prospective, 

repeated measures 

design 

N= 10 

 

68 ±10 

Examine the influence of Partial body weight support treadmill training (PBWSTT) 

walking speed on stride characteristics and muscle demands of both the paretic 

and non-paretic limbs for individuals in the acute recovery period following a 

stroke 

 

(Yadav et al., 2018) 
Robotic tilt table exercises versus conventional 

exercises in rehabilitation of hemiplegic patients 

randomized 

controlled trial 

N= 30 

 

49.7 ± 7.15  

determine the efficacy of a 1-month exercise programme using a robotic tilt table 

over conventional physiotherapy treatment in the rehabilitation of patients with 

hemiplegia 

following stroke. 

(Masiero et al., 2007) 
Robotic-assisted rehabilitation of the upper limb after 

acute stroke 

single-blind 

randomized 

controlled trial 

N=35 

 

Experimental:63.4+11.8  

Control: 68.8+10.5  

Investigate whether early therapy with a novel robotic device can reduce motor 

impairment and enhance functional recovery of poststroke patients with 

hemiparetic and hemiplegic upper limb 

(Lau & Mak, 2011) 

Speed-dependent treadmill training is effective to 

improve gait and balance performance in patients with 

sub-acute stroke 

Single-blinded 

randomized 

controlled trial. 

N= 26 

 

Experimental 69.5(11.1)  

control 72.1 (9.2)  

Compare the effects of speed-dependent treadmill training on gait and balance 

performance in patients with sub-acute stroke. 

(Yen et al., 2019) 

Standard early rehabilitation and lower limb 

transcutaneous nerve or neuromuscular electrical 

stimulation in acute stroke patients 

prospective, 

assessor-blinded, 

randomized 

controlled pilot trial 

N=42 

 

TENS 58.38±13.49 

NMES 61.62±9.31  

SR 61.42±12.61  

compare the efficacy of three treatment protocols on postural stability and 

activities of daily living functions after acute stroke 

 

(Berner et al., 2004) 

The effect of electric stimulation treatment on the 

functional rehabilitation of acute geriatric patients with 

stroke—a preliminary study 

a preliminary study 

N=22 

 

74.7 ± 3.6  

 

Examine Handmaster ES treatment as an integral part of the whole rehabilitation 

process and to evaluate its effect on the functional rehabilitation of acute CVA 

elderly patients. 

(Faghri et al., 1994) 

The effects of functional electrical on shoulder 

subluxation, arm function recovery, and shoulder pain 

in hemiplegic stroke patients 

Randomized control 

trial 

N= 26 

 

Experimental:  65 ± 13  

Control 69 ± 12 

Evaluate the effectiveness of an FES treatment program designed to prevent 

glenohumeral joint stretching and subsequent subluxation and to facilitate 

recovery of the flaccid shoulder musculature in acute stroke patients 

(Yan & Hui-Chan, 2009) 

Transcutaneous electrical stimulation on acupuncture 

points improves muscle function in subjects after 

acute stroke 

single-blind, 

stratified 

randomized control 

trial. 

N=62 

 

TES 68.4 (9.6)  

PS 72.8 (7.4)  

SR 70.4 (7.6)  

To investigate whether transcutaneous electrical stimulation, when applied to 

acupuncture points in patients after acute stroke, decreases spasticity and/or 

increases muscle strength more effectively than placebo stimulation and standard 

rehabilitation 

(Epple et al., 2020) 
Vojta therapy improves postural control in 

Very early stroke rehabilitation 

Investigator initiated, 

prospective, single 

center, randomized 

controlled pilot trial 

N=40 

 

Vojta: 77 (mean) 

Control: 72.5 (mean) 

Investigate Vojta therapy in acute stroke patients with severe hemiparesis within 

72 h after onset, in order to study the potential benefits and possible negative 

effects of Vojta therapy as a new approach in stroke recovery. 
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(Schwartz et al., 2009) 
The effectiveness of locomotor therapy using Robotic-

assisted gait training in subacute stroke patients 

nonblinded 

prospective, 

randomized, 

controlled study. 

N=67 

 

RAGT: 62 ± 8.5 

Control: 65 ±-7.5  

Effectiveness of early and prolonged locomotor treatment with the use of a 

robotic-assisted gait training (RAGT) device (Lokomat; Hocoma Inc., Zurich, 

Switzerland) on the functional outcomes of patients after subacute stroke 

(Richards et al., 1993) 
Task-Specific Physical Therapy for Optimization of 

Gait Recovery in Acute Stroke Patients 

randomized 

controlled pilot trial 

N= 27 

 

Intensive: 69.6 7.4)  

Early conventional 

67.3(1.1)  

Conventional:70.3(7.3)  

Estimate the effects of early, intensive, gait-focused physical therapy on 

ambulatory ability in acute, stroke patients. 

(R. K. Tong et al., 2006) 

Effectiveness of gait training using an 

electromechanical gait trainer, with and without 

functional electric stimulation, in subacute stroke 

 

Nonblinded 

randomized 

controlled trial. 

N= 56 

 

CGT: 71.4±14.0  

EGT: 66.1±9.9,  

EGT-FES 61.810.8 

To compare the therapeutic effects of conventional gait training (CGT), gait training 

using an electromechanical gait trainer (EGT), and gait training using an 

electromechanical gait trainer with functional electric stimulation (EGT-FES) in 

people with subacute stroke 

(Kim et al., 2015) 

Lower extremity muscle activation and function in 

progressive task-oriented training on the 

supplementary tilt table during stepping-like 

movements in patients with acute stroke hemiparesis 

Randomized 

controlled trial 

N=39 

 

Control: 58.54± 11.73 

TG: 61.20 ± 8.72  

TTG: 59.53 ± 8.8  

 

Determine the influence of progressive task-oriented training on the tilt table on 

the improvement in lower extremity (LE) muscle activation and clinical function in 

subjects with hemiplegia due to stroke. 

 

  

N= sample; age presented in mean ± standard deviation; SBT: standing balance training; REG: regular rehabilitation; STAT: supported treadmill ambulation training; FES: Functional electrical stimulation; AEP: Additional 

early physiotherapy; RT: routine therapy EMG: electromyographic feedback, GT: Body-weight-supported exercise on the gait trainer; WALK: or walking exercise over ground; CT conventional treatment; CIMT Constraint 

induced movement therapy; TENS: Transcutaneous electrical nerve stimulation; NMES neuromuscular electrical stimulation; SR: Standard rehabilitation; RBT: Reactive balance training; RAGT: Robotic-assisted gait training; 

CGT: conventional gait training; EGT: an electromechanical gait trainer; EGT-FES: electromechanical gait trainer with functional electric stimulation; TG: tilt table group ;TTG: task-oriented training 
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Appendix V - Intervention components and theory/framework underlining the intervention selection 

Table 2- intervention components and theory/framework underlining the intervention selection 

Author/Date Intervention  Theory/framework 

 

(D. K. Rose et al., 

2018) 

Usual care + Backward Walking Training (BWT) or Usual care + Standing Balance Training (SBT)  

 

Usual care: physical, occupational and speech therapy determined by the therapist 

BWT: Backward Walking over ground without use of assistive devices. Assistance was provided by the intervention 

therapist as needed for weight shift, guidance of the paretic lower extremity, and maintenance of balance during gait. 

SBT: both static and dynamic standing tasks including quiet stance, dual task with upper extremity manipulation, and 

reaching for targets both within and outside the patient’s base of support 

In BWT there may be increased oxygenated haemoglobin response, consistent with increased cortical 

processing, in the supplementary motor area, primary motor cortex, and superior parietal lobule. 

The lack of visual information may require a reweighting of sensory feedback to control the stepping 

pattern. This reweighting process, with greater reliance on other feedback systems in turn may require 

additional cortical resources to evaluate the sensory feedback that is available. 

 

(Teixeira da Cunha 

Filho et al., 2001) 

Regular rehabilitation (REG) or REG + supported treadmill ambulation training (STAT) 

 

Regular rehabilitation strengthening, function, and mobility activities including gait training, kinesiotherapy and 

intervention related to activities of daily living 

Regular rehabilitation + supported treadmill ambulation training: body-supported treadmill ambulation system. Training 

started with support of up to 30 percent of body weight and was progressively decreased. 

--------------------- 

(Zheng et al., 2018) 

 

Functional electrical stimulation-4 (FES-4) or FES-2 or FES-P 

 

All the subjects perform standard programs including neurodevelopmental facilitation, stretching, muscular conditioning, 

exercises for trunk control, standing, walking training and activities of daily life.  

FES: stimulate the tibialis anterior, quadriceps, hamstrings, and gastrocnemius of the hemiplegic leg in the sequence of the 

gait cycle. 

FES-2: had the tibialis anterior and the peroneus longus and brevis stimulated to facilitate ankle dorsiflexion and eversion 

in sequence. 

FES-P: received four-channel treatment, but without electricity.  

The mechanisms for FES treatment led to the speculation that the effect is achieved through the 

reintegration of sensorimotor pathways and corticospinal plasticity . 

(Fang et al., 2003b)  

Additional early physiotherapy (AEP) or routine therapy (RT) 

 

Additional early physiotherapy (AEP): Bobath techniques and passive movements training of the affected limb. Passive 

movement training included a series movement of the joints of completely paralytic limbs  

-------------------------- 
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 Routine therapy (RT): received no professional or regular physiotherapy during the whole hospitalization period. 

(Johansson et al., 

2001) 

Acupuncture and high-intensity, low-frequency TENS or subliminal high-frequency transcutaneous 

electrostimulation (control group) 

 

All patients received conventional physiotherapy, occupational therapy, and speech therapy if needed. 

Acupuncture + TENS: Two modes of treatment were alternated in the nonparetic side and on the hemiparetic side. Low-

frequency electrostimulation was applied to the paretic side. For high-intensity, low-frequency TENS was used. Only the 

affected side was stimulated. The electrodes were placed over 4 points used in acupuncture 

Subliminal stimulation (control group): identical placements of electrodes were used as in the TENS group. High-

frequency, low-intensity stimulation was achieved by presenting the frequency below the perception threshold 

Acupuncture and electroacupuncture have circulatory and biochemical effects in common with physical 

exercise on the release of transmitters and peptides in brain and spinal cord. Stimulate skin and muscle 

afferents and intracellular recordings of cortical neurons in primates as well as neuroimaging and 

neurophysiological studies in humans have demonstrated that cortical sensorimotor representation 

areas can be modified by sensory stimulation. These areas may be modified by training and experience.  

 

(Babu & Nayak, 

2011) 

Conventional rehabilitation program (control) or conventional rehabilitation program + additional trunk exercises  

 

Conventional rehabilitation program: patient-specific with main emphasis on the neurodevelopmental concept and on 

motor relearning strategies 

Additional trunk exercises (experimental):  selective movements of the upper and lower part of the trunk in supine and 

sitting, like Bridging, Unilateral pelvic bridging, Trunk rotations, Static sitting balance, Trunk flexion, trunk rotations, weight 

shifts and forward reach. 

-------------------- 

 

(Bartolo et al., 

2014) 

Intensive rehabilitation program (IRP)+ upper limb training t herapy (EG) or Intensive rehabilitation program + 

conventional therapy (CG) 

 

IRP:  individual sessions of conventional physiotherapy (Bobath, Kabat, etc.) 

SG: additional upper limb training therapy performed using an arm weight support device. The software is based  

On stimulating games and exercises designed to engage patients in volitional or goal-directed tasks 

CG: Include passive mobilization exercises, active motor exercises specifically designed to enhance proprioceptive and 

sensory stimulation, and exercises to improve fine motor function of the hand 

Time-specific tasks executed repeatedly in a controlled and reliable way, has been showed that is a 

determining factor in facilitating cortical reorganization, allowing a concomitant increase in motor ability, 

and improved functional activity performance 

(Solopova et al., 

2011) 

Conventional therapy (CG) or Conventional therapy + FES-therapy combined com leg movement (experimental)  

 

All groups receive conventional therapy including stretching, active or passive mobility and exercises 

Experimental group: additionally, FES-therapy combined with assisted leg movements and progressive limb loading on 

motorized tilt table with integrated robotic stepping that allowed three modes (passive, semi active and active) during 

training with progressive emphasis on the active mode and progressive. Electrodes were placed on muscle groups of both 

legs: soleus, tibialis anterior, hamstring, quadriceps, hip adductors, gluteus maximus and medial gastrocnemius.  

Numerous studies have shown that motor activity after brain damage plays a critical role in 

neurophysiological reorganization, which may occur in the areas adjacent to the damage. 

 

 

(Kumar et al., 

2020) 

Conventional physiotherapy or Erigo tilt-table therapy  

 

Subjects were asked to perform a home-exercise program.  

-------------------- 
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Conventional: Range of motion exercises for the upper limb. Positioning of the limb, prolonged icing, brushing, gentle 

stroking, and gentle tapping. Mat activities that include decubitus changes and different postural sets, bridging exercises. 

Stretching and strengthening exercises. Gentle and controlled weight-bearing exercises. Balance and coordination 

exercises. 

Erigo tilt-table therapy: training progressing from 30ºangle of tilt until a 75° tilt. The session was followed by exercise 

program for upper extremities which including range of motion, strengthening, and stretching, exercises of shoulder, elbow, 

wrist, and fingers.  

(Sze et al., 2002) 

Standard treatment (Control) or Acupuncture 

 

Control: standard treatment that included physical therapy mainly based on the Bobath approach, occupational therapy 

speech therapy, psychological, skilled nursing care and a daily medical round. Treatment modalities included manual 

facilitation, mechanical facilitation using tilt table, Arjo walker, Balance Master (NeuroCom) and similar equipment, 

functional electric stimulation and transcutaneous electric neuromuscular stimulation. 

Acupuncture: Patients received the same standard treatment as described for the control arm, together with acupuncture. 

Selection of the 10 main acupoints was based on the TCM theory 

---------- 

(Fujino et al., 2016) 

Conventional rehabilitation or lateral sitting training (experimental group) 

 

Both groups received the conventional rehabilitation, patient-specific and consists of mobilization, sit-to-stand training, 

gait training, and ADL training, occupational therapy, neuropsychological therapy, speech therapy, and nursing care.  

Conventional: sat on a horizontal platform and were asked to move their trunk laterally from the paretic side to the 

nonparetic side 

Experimental group: sat without leg support on a platform tilted 10º to the paretic side in the frontal plane. As a visual clue, 

a vertical string was placed in front of the wall. Were asked to move their trunk laterally from the paretic side to the 

nonparetic side. After lateral movement of the trunk to a vertical visual target, patients were tilted (back) to the paretic side 

-------------------- 

(Bradley et al., 

2015) 

Electromyographic biofeedback or Conventional  

 

EMG group: A treatment plan was drawn up for each patient encouraging normal alignment in the trunk and hip, facilitating, 

or inhibiting the presence of abnormal tone in the trunk and leg, encouraging active control at the hip, knee and ankle, 

improving the mechanism of weight transference through the affected side, and gait re-education. The EMG biofeedback 

electrodes were placed in the motor point of the affected side. The patients were asked to do an activity whilst attending to 

the EMG biofeedback machine and by contracting or relaxing their muscle they could change the level of auditory tone 

and/or the level on the light bar. 

Conventional group: centred on practising what had been learned in the EMG biofeedback sessions, gait training and upper 

limb work, but without biofeedback treatment.  

----------------- 
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(Rahayu et al., 

2020) 

Neurorestoration intervention or standard intervention  

 

Neurorestoration intervention: several standard intervention protocols comprised three stages: cognitive, associative and 

automation. The standard intervention protocol used Bobath, PNF, Rood, Carr & Shepherd and CIMT. 

 Standard intervention: Activities given were not fixed, however they were in concordance with the standard operation 

procedure of the institutions and comprised position change, breathing exercise, and exercise therapy in passive and active 

mobilization  

The success of the neuroplasticity relies on the neuron growth factor proteins known as brain-derived 

neurotropic factor (BDNF). BDNF plays an important role and is involved in neuron growth, synaptic 

transmission, and synthesis of neurotransmitters by binding to tropomyosin-receptor kinase B (TrkB).  

However, to activate the growth of the neuroplasticity needs for stimulation on the cells. Exposure on 

physiotherapy is one of the techniques to help the patient 

(Park et al., 2020) 

Walkbot Locomotor Training (WLT) or conventional locomotor training (CLT) 

 

conventional locomotor training: physical therapy and an additional session focused on pre-gait and/or gait training 

activities. The physical therapist stands facing the subject walked backward, facilitating a reciprocating arm swing of the 

patient, and offering enough support through the patient’s arms to maintain balance and gait training 

WLT group: received physical therapy as above and an additional WLT session. Anthropometric data were measured by 

the system and then used to adjust the length of the exoskeleton legs and the optimal gait cycle, according to each 

 

-------------------- 

 

(Peurala et al., 

2009) 

Body-weight-supported exercise on the gait trainer (GT) or walking exercise over ground (WALK) or conventional 

treatment (CT). 

 

All subjects had period of intensive inpatient rehabilitation in the acute care hospital and additional gait-oriented 

physiotherapy  

GT: walking in the electromechanical gait trainer supported with a harness, feet placed on motor-driven footplates.  

CT: physiotherapy but not at the same intensity as in the GT and WALK groups. The content of physiotherapy in the CT 

group was determined according to individually set goals.   

WALK: walking over ground with 1 or 2 physiotherapists, using their individual walking aids 

-------------------- 

(K. et al., 2012) 

Conventional therapy (CG) or Conventional therapy + FNMES  

 

Control group: conventional therapy that consist in Passive movements, active assisted movements, stretching and 

strengthening exercises. 

Experimental group: additional FNMES along with conventional physiotherapy. Electrical stimulation was applied to the 

distal muscles that controlled the opening, grasping holding and releasing of objects. 

-------------------- 

 

 

(EL-Helow et al., 

2015) 

Conventional rehabilitation program (CRP) or Constraint induced movement therapy (CIMT) 

 

Conventional rehabilitation program: tailored according to each patient clinical and functional assessment. It included 

positioning, management of spasticity, standard occupational therapy, compensatory techniques ins ADL, strengthening 

exercises and range of motion exercises 

-------------------- 
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Constraint induced movement therapy: constraint of the unaffected arm with a padded mitt or arm sling (inimum of 6 

hours per day), and shaping for two hours per day.   

(Nozoe et al., 2017) 

Neuromuscular electrical stimulation (NMES) + usual care or U sual care 

 

Usual Care: 

within 1 week from admission. Daily individualized occupational therapy and speech therapy  

NMES: EMS was applied to the quadriceps muscles of both lower extremities. Intensities able to cause visible contractions 

and maximal intensity that the subject can tolerate  

-------------------- 

(Yozbatiran et al., 

2006) 

Transcutaneous electrical nerve stimulation (TENS) + neurodevelopment exercises or neurodevelopment exercises  

 

Both groups received neurodevelopmental exercises in accordance with Bobath therapy approach. 

TENS group: electrical stimulation of extensor digitorum communis and extensor carpi radialis. Amplitude was set at the 

minimum level required to produce full wrist and finger extension 

-------------------- 

(Sunderland et al., 

1992) 

Enhanced therapy (ET) or conventional therapy (CT) 

 

Enhanced therapy: use of behavioural methods to encourage the patient and family to be active participants in arm 

rehabilitatio. Bobath exercises, EMG biofeedback, micro-computer games and goal setting. Patients did physiotherapy and 

occupational therapy for the arm.  

Conventional therapy (CT):  Bobath and Johnstone. The emphasis is on expert hands-on treatment by the therapist and 

patients are not routinely instructed to exercise between therapy sessions. Active movement may not be encouraged until 

abnormal muscle tone is well controlled. 

-------------------- 

(Wang et al., 2016) 

sensory threshold—neuromuscular electrical stimulation or motor threshold—neuromuscular electrical stimulation or 

full-movement neuromuscular electrical or Conventional Rehabilitation (control)  

 

All patients participated in conventional rehabilitation. 

conventional rehabilitation: Exercise of the ankle joint, stretch of the spastic plantar flexors, and neurodevelopment 

facilitation techniques and no neuromuscular electrical stimulation treatment.  

In three groups, stimulation of extensor hallucis and digitorum longus and the skin of fibular head: 

sensory threshold—neuromuscular electrical stimulation: only feel comfortable electric stimulation. 

motor threshold—neuromuscular electrical stimulation: visible hallucis and digitorum dorsiflexion movements were 

observed. 

full-movement neuromuscular electrical: movements and range were as large as possible 

Dose response relationship exists between lower extremity neuromuscular electrical stimulation and 

brain activation in specific neural regions in healthy subjects 

 

(Yan et al., 2005) 

 

Functional electrical stimulation (FES) + Standard rehabilitation (SR) or Placebo stimulation + SR or SR only (control)  

 

Motor experience after brain injuries plays a major role in the subsequent physiological reorganization 

that occurs in the adjacent intact tissues.  Repetitive execution of identical or similar movements of the 

limbs have been identified as crucial for motor learning and recovery in stroke subjects. It was observed 



 49 

FES: applied on quadriceps, hamstring, tibialis anterior (TA), and medial gastrocnemius (MG) with subject side-lying and the 

affected lower extremity supported by sling, using an activation sequence that mimicked normal gait. 

SR: physiotherapy based on the neurodevelopmental facilitation approach and of occupational therapy focused on 

activities of daily living. 

Placebo: stimulation from an electrical stimulation device with disconnected circuit.  

similar brain activation patterns in stroke subjects during either active or passive movements. This 

highlights the contribution of afferent synaptic activity to central motor control and indicated that 

reorganization of the sensory and motor systems occurred early after stroke. 

(R. K. Y. Tong et al., 

2006) 

Functional electrical stimulation and gait training (FES+GT) + rehabilitation program  

 

Rehabilitation program: based on proprioceptive neuromuscular facilitation and Bobath concept. Occupational therapy, 

speech therapy, and psychological consultations. 

Functional electrical Stimulation and gait training:  While on the electromechanical gait trainer, each patient received 

electrical stimulation modalities. Stimulus over the quadriceps femoris muscle on the paretic side and stimulated in the 

stance phase to facilitate weight acceptance. Other electrodes were over the common peroneal nerve on the paretic side 

and stimulated during the swing phase  

Current theories of perceptual learning and recovery of function in people with brain damage recommend 

that meaningful, graded stimuli with active participation (ie, sensorimotor coupling) and accurate 

feedback should be applied 

(Schinkel-Ivy et al., 

2020) 

Reactive balance training (RBT) or traditional balance training (historical cohort)  

 

All participants generally did physiotherapy with strategies to improve balance and mobility. 

historical cohort exercises included static and dynamic balance tasks within a stable and moving base of support, in which 

participants aimed to maintain stability, as opposed to recovering following a loss of balance.  

RBT cohort: participants regular physiotherapy was replaced with RBT. Loss of balance was induced through both internal 

and external perturbations. 

-------------------- 

(Burnfield et al., 

2016) 

Partial body weight support treadmill training (PBWSTT) 

 

30% of Body Weight Support. Either two or three therapists facilitated movement of the trunk and lower limbs.  Clinicians 

on each side of the participant facilitated lower limb advancement, stability, and symmetry throughout the gait cycle.  

Comprehensive analysis of stride characteristics and lower extremity electromyographic patterns was conducted while 

walking on the treadmill. 

Partial body weight support treadmill traininghas been advocated as a means for facilitating recovery of 

walking skills and inducing activity-dependent neuroplasticity following neurologic injury 

(Yadav et al., 2018) 

Conventional physiotherapy or exercises using the robotic tilt table . 

 

Conventional physiotherapy: Full range of motion exercises, positioning of the limb, mat activities included turning from 

supine to side-lying to prone and vice versa, bridging exercises, stretching of hamstring, calf and wrist, strengthening 

exercises, gripping exercises, gentle and controlled weight bearing, balance and coordination exercises 

Robotic tilt table: patients placed in a vertical position with legs moved in a physiological movement pattern and have  load 

applied. The session was followed by a programme for the upper extremities which included range of motion, strengthening, 

and stretching exercises of the shoulder, elbow, wrist and fingers 

-------------------- 

 Standard rehabilitative (SR) or standard rehabilitative + sensorimotor robotic training (EG)  .------- 
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(Masiero et al., 

2007) 

 

standard rehabilitative treatment: Bobath concept and poststroke occupational therapy. Received similar initial exposure 

to the robo,t except that the exercises were performed with the unimpaired upper limb. 

Experimental group: additional early sensorimotor robotic training by NeReBot. The robot assisted and guided the patient

’s forearm and hand through a repetitive pattern set by the rehabilitation team based on patient impairment.  

 

(Lau & Mak, 2011) 

Speed-dependent treadmill or steady-speed treadmill training (CG) 

 

Both groups received locomotion training on a treadmill and rehabilitation, including motor relearning, neuro-development 

techniques, integrated sensory stimulation, and conventional gait training. 

speed-dependent treadmill: short intervals of locomotion training in a treadmill. The belt speed was increased by a 

maximum of 5 increments within one training session. 

steady-speed treadmill training walked on the treadmill with the belt speed adjusted according to their fastest over-

ground gait speed. There was no adjustment of the belt speed  

-------------------- 

(Yen et al., 2019) 

Transcutaneous nerve stimulation (TENS) or neuromuscular electrical stimulation (NMES) or standard early 

rehabilitation (SR) 

 

both groups performed the SR activities while receiving the assigned stimulation 

standard early rehabilitation:  Session of functional training activities, neurodevelopment facilitation techniques, an active 

range of motion exercises, and pelvic bridging exercises 

transcutaneous nerve stimulation: applied electrodes tibialis anterior and quadriceps muscles on the stroke-affected 

lower extremity. Stimulation without muscle contraction. 

neuromuscular electrical stimulation: intensity on movement threshold to induce visible muscle contractions causing 

partial joint movement within the limit of discomfort. 

Transcutaneous nerve stimulation provides sensory-level somatosensory stimulation, and it is thought 

to modulate neuronal activity in the primary motor cortex through anatomical projections from the 

somatosensory cortex to the motor, premotor, and parietal cortices (cross-system plasticity), 

subsequently resulting in the enhancement of motor recovery after a stroke. Neuromuscular electrical 

stimulation can directly induce muscle contractions through the initiation of action potentials in peripheral 

motor nerves; as such, neuromuscular electrical stimulation may promote motor relearning by simulating 

the synchronized presynaptic and postsynaptic activity in the nervous system. In addition, high-

frequency (e.g. 80  100Hz) neuromuscular electrical stimulation has been found to modify the 

hemispheric balance between the two motor cortices by influencing the excitability of the transcallosal 

pathway 

 

(Berner et al., 

2004) 

Electrical Stimulation (ES) (3weeks+3weeks) or ES (3weeks) (control)  

 

All subjects had physiotherapy exercises and individual or group occupational therapy treatment. 

Experimental: stimulation on extensor digitorum, extensor pollicis brevis, flexor digitorum superficialis, flexor pollicis 

longus, thenar group (flexor pollicis brevis, abductor pollicis brevis, opponens pollicis, adductor pollicis). The intrinsic digit 

muscles were passively activated by the stimulated muscles. 

Control: the same stimulation only for the first 3 weeks 

----- 

(Faghri et al., 1994) 

Functional electrical stimulation or Conventional  

  

Both groups received conventional physical therapy as part of their treatment programs. 

Conventional: ---- 

-------------------- 
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Experimental group: additional FES therapy.  One electrode over the posterior deltoid muscle and other over the 

supraspinatus muscle. FES intensity was set to obtain the desired motion of humeral elevation with some abduction and 

extension to pull the head of the humerus into the glenoid cavity. 

(Yan & Hui-Chan, 

2009) 

Standard rehabilitation (SR) or Transcutaneous electrical stimulation + standard rehabilitation or placebo stimulation 

and standard rehabilitation: 

 

All receive standard rehabilitation including both physiotherapy and occupational therapy. 

Standard rehabilitation:  only standard rehabilitation physiotherapy and occupational therapy. 

transcutaneous electrical stimulation + SR: TENS applied with electrodes attached to 4 acupuncture points on the 

affected lower extremity 

Placebo stimulation + SR: using the same electrodes, locations and device, with the circuit disconnected.  

 

 

------------------- 

(Epple et al., 2020) 

Vojta therapy or control 

 

control group: received conventional physiotherapy which consisted of repetitive sensorimotor exercises using existing 

function of the affected extremity in task-oriented training and movements used during daily activity, passive movements 

of the limbs, trunk strengthening exercises, goal directed movements and mobilisation including gait training. 

Vojta therapy: implemented by stimulating the chest zone. The starting positions for Vojta therapy were supine or side-

lysing position. Afterwards were mobilised with gait training, if feasible. 

The pontomedullary reticular formation is speculated to play a key role in Vojta therapy and is suggested 

to participate in locomotor control as well, as it is implicated in anticipatory postural control before gait 

initiation, by integrating descending cortical influences and ascending spino reticular inputs. Vojta therapy 

has been reported to activate the trunk musculature, thereby enhancing postural control abilit y 

(Schwartz et al., 

2009) 

Robotic-assisted gait training (RAGT) + regular physiotherapy or regular physiotherapy (control)  

 

RAGT:  robotic-driven gait orthosis, which includes a treadmill, a body weight support system, and two lightweight robotic 

actuators that attach to the subject’s legs. The velocity of the treadmill was set to the maximum speed tolerated by the 

patients. 

Control: training focused on gait rehabilitation, including trunk stability and symmetry, step initiation, and weight support on 

the paretic leg. In every session, the patient walked some steps with the help of the therapists 

------------- 

(Richards et al., 

1993) 

Intensive early therapy or early conventional or conventional  

 

All patients receive conventional hospital care and occupational therapy. Physical therapy was specifically organized and 

delivered in terms of timing., content, and approach. 

Intensive therapy: started as early as possible and was provided with an intensive and focused approach to therapy that 

incorporated use of the tilt table and a limb-load monitor, resisted exercises with a Kinetron” isokinetic device, and a 

treadmill. The goal was to promote gait relearning  

Early Conventional: Physical therapy started early and was as intensive as for the experimental group but contained more 

traditional approaches to care based on older neuro physical techniques and practice. 

Most of the functional recovery occurs in the first three months following stroke, and studies in animals 

have shown that neural circuitry changes mediating behavioural recovery occur soon after injury , the 

early initiation of PT should be critical.  

Evidence that neural reorganization after central nervous system lesions follows growth rules and of 

apparent relearning processes in stroke patients, suggests the need to design rehabilitation programs 

that take these factors into consideration. Because locomotor training represents a functional activity, 

activities 
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Conventional: received therapy as it had been organized and delivered in the institution previously. This started later, was 

not intense and was composed of similar techniques as provided to the other control group 

(R. K. Tong et al., 

2006) 

conventional gait training (CGT) or gait training using an electromechanical gait trainer (EGT) or gait training using an 

electromechanical gait trainer with functional electric stimulation (EGT -FES) 

 

All participants received regular physical therapy to upper-limb and trunk mobility training and occupational therapy, speech 

therapy, and psychology.  

CGT:  overground walking for their gait training based on the principles of proprioceptive neuromuscular facilitation and 

Bobath concepts. 

EGT:  gait training with body-weight-support by the electromechanical gait trainer. The physical therapist gived assistance 

to help knee extension and would give verbal cueing  

EGT-FES:  Received the same interventions as the EGT group, and additional FES during their gait-trainer sessions.  

Electrodes attached to the quadriceps on the paretic side another pair of electrodes was attached to common peroneal 

nerve on the paretic side  

Repetitive active or passive practice of movements identical  or similar to those in normal gait may 

enhance motor learning and recovery. 

(Kim et al., 2015) 

Routine therapy or tilt table group (TG) or task-oriented training (TTG) 

 

All groups receive routine therapy. 

Routine therapy strengthening and stretching exercises of the limbs, postural control training in sitting and standing 

positions, therapist-guided techniques for facilitating normal movement, and simple forward stepping. 

Tilt table group:  additionally received training on the supplementary tilt table, only strapped by safety thoracic, pelvic, and 

both knee belt 

Task-oriented training: additionally received training on the supplementary tilt TABLE, trapped by safety thoracic, pelvic, 

and the knee belts only on the affected side, and progressively performed task-oriented training. 

-------------------- 

 

 


