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ABSTRACT 

Introduction: Nowadays, neurological diseases are the ones that affect most to individuals. 

From all the neurological diseases known, the most common one is stroke. One of the most 

important aims for patients who suffer from this disease is gait recovery. 

Objective: To do an exhaustive bibliographic review about the rehabilitation methods most 

commonly used for helping patients recover their gait after a stroke. 

Methods and materials: The reviewed articles for this work were clinical trials and studies 

from the Dialnet, PEDro, PubMed and WOS databases. We included all the studies found 

between 2007 and 2017 which analyzed gait recovery in adult patients (>18 years old) who had 

suffered a cerebrovascular accident (stroke).  

A total of 28 studies were analyzed in this review. 11 were based on a conventional therapy 

treatment and the other 17 rested on the efficiency of an electronic element during the 

rehabilitation process.  

Conclusions: The use of complements with the traditional therapy causes a considerable 

increase compared with the patients that only received conventional therapies as a treatment; 

nevertheless it cannot be determined which method is the most effective of all analyzed in this 

systematic review. 

KEY WORDS: Stroke, gait rehabilitation, physical therapy, treadmill, motion sensors, 

biofeedback.



                                                         

 

 

RESUMEN 

Introducción: Las enfermedades neurológicas son las que más afectan a los individuos 

actualmente y entre ellas la más común es el ictus. Uno de los objetivos prioritarios para los 

pacientes que sufren esta enfermedad es la recuperación de la marcha. 

Objetivo: Realizar una revisión bibliográfica exhaustiva acerca de los métodos de rehabilitación 

más comúnmente utilizados para ayudar a recuperar la marcha de los pacientes que hayan 

sufrido un ictus. 

Material y métodos: Los estudios revisados para este trabajo son ensayos clínicos e 

investigaciones de las bases de datos Dialnet, PEDro, PubMed y WOS. Se han incluido todos los 

estudios encontrados entre 2007 y 2017 que analizan la recuperación de la marcha en pacientes 

en edad adulta (>18 años) que han sufrido un fallo cerebrovascular (ictus).  

Se analizaron un total de 28 artículos en esta revisión. 11 de ellos eran basados en el tratamiento 

con terapias convencionales y los 17 restantes se enfocaban más hacia la recuperación a través de 

la incorporación de elementos electrónicos en el proceso rehabilitador. 

Conclusiones: El uso de complementos junto con la rehabilitación tradicional provoca una 

mejora considerable con respecto a los pacientes que basan su recuperación únicamente en las 

terapias convencionales; sin embargo, no se puede determinar cuál es el método más eficaz de 

todos los vistos en esta revisión. 

PALABRAS CLAVE: Ictus, rehabilitación de la marcha, fisioterapia, cinta de correr, sensores  

de movimiento, biorretroalimentación.
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1 INTRODUCTION 

 

In this end-of-degree project, a literature review will be carried out. We will study a type of 

neurological disease which is at the peak of all of them. The condition in which this 

bibliographic review is focused on is stroke. In addition, those articles that are based on the 

recovery of gait in patients who have suffered this disease will be object of this review. 

The first section of this essay will study the theoretical framework that involves neurological 

diseases, highlighting the concept of stroke and its types which we can find when working with 

people who have suffered it. Afterwards, as a second section, we will find the main and 

secondary objectives of this study.  

The third section shows the process that has been followed to obtain the different clinical 

trials and investigations, which will be analyzed in section four, where we also specify the results 

obtained after the articles search. We have carried out a distinction between two types of articles: 

on the one hand those articles based on the rehabilitation treatment of gait in conventional 

therapy programs; on the other hand we will have articles that not only use conventional therapy 

but also add to this program some type of electronic element, such as the use of a treadmill, 

vibratory platform or virtual reality. 

Finally, below the fifth and sixth epigraphs we will find the discussion and conclusions of this 

bibliographic review.   
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1.1  Neurological diseases. Types. Most common diseases according to the 

Spanish Society of Neurology 

 

Neurological diseases are those conditions where a part of the Central Nerve System (SNC) or 

Periferic Nerve System (SNP) has been affected. Those parts could be the brain, cerebellum, 

brain stem, spinal cord, nerve roots, plexus and neuromuscular junctions. Neurological diseases 

could happen to both young and elderly people producing problems on people's basic activities 

of daily life (BADL). They can also cause dependence and disability.
1 

Where the different sorts of neurological conditions are concerned, it should be outlined that 

there is a vast array of them. The most frequent ones are shown in the following table:  

 

NEUROLOGICAL DISEASES 

Dementia 

Stroke 

Epilepsy 

Parkinson's disease 

Multiple sclerosis 

Migraine 

Traumatic brain injury 

 

Table 1. Most usual neurological diseases 

Source: Own elaboration based on the Spanish Society of Neurology, 2010. 
1
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1.2  What neurological physical therapy is and how patients are evaluated 

 

1.2.1  Neurological physical therapy 

Neurological physical therapy is a field within physical therapy responsible for re-educating 

the abnormal movements caused by some type of nerve injury. It is also closely linked to 

cerebral neuroplasticity considering that it eliminates damaged neuronal connections and creates 

new connections from neighbor neurons. These neighbor neurons can modify their structure and 

carry out the previously function performed by damaged neurons.
6 

Among the treatment methods used for neurological patients we will highlight the Bobath 

method, the Perfetti method, the Lé Metayer method and the Kabat one. We use one or another 

method depending on the needs of each patient to achieve their highest degree autonomy and 

best quality of life when performing their basic activities of daily life (BADL).  

 

1.2.2 Evaluation of patients who require physical therapy  

In order to perform a correct evaluation of the patient, the WHO provides us with the CIF 

Model. This model consists of an accurate assessment of patients’ physiological functions, bones 

and visceral structures; determining their bodily harm, the ability to perform normal activities, 

and also evaluating their limitations during an activity and during their difficult day by day 

situations. 
2 
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1.3  Treatment methods 

 

This section will highlight those treatment methods that have been used for years and have 

been mostly used for recovering patients´ gait because of some neurological disease. 

 

1.3.1 Bobath 

It is an individual technique applied for treating neuromotor anomalies and postural problems 

as a consequence of central neurological alterations. It is based on the inhibition of abnormal 

patterns and the facilitation of normal movement to make the movement as functional as 

possible. For this reason, physical therapists must correct these abnormal patterns and show 

normal movements by facilitating and managing key control points either at the trunk level (they 

are the most important ones) or at the upper and lower limbs. This allows the patient to recover 

the greatest functionality and independence during their daily life activities 
3
 

According to the International Bobath Instructor Training Association (IBITAH), this 

methodology is a theory of how to act when different problems exist. People with some 

neurological conditions require individualized, interdisciplinary treatment and discipline to 

achieve the functionality they had prior to illness 
6 

 

1.3.2 Perfetti 

Also known as Therapeutic Cognitive Exercises (CTE). It was a method created to treat the 

hand of hemiplegic patients. The theory in which CTE is based on is reeducation as learning, 

movement as knowledge and body as receiving surface. On the other hand, it emphasizes the 

importance of stimulating the cognitive processes for the correct recovery of the motor action.
4,6 

According to Noccioli Valter and Roberta Ghedina, motor reeducation is carried out fulfilling 

the following aspects: 

1. “The patient works with his eyes closed. 

2. The therapist does not explicitly request muscle contraction. 

3. Patient attention is required for information of his body and the environment. 

4. Sensibility is used (Tactile and conscious kinesthetic). 
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5. Language is used to inform, to direct attention, to create images in the patient's 

brain. It is not used as reinforcement: push, tighten … 

6. The relationship with objects is considered important and introduced in the 

exercise”.
4
 

 

1.3.3  Lé Metayer 

This method is used in young children and it is based on motor development levels (NEM) of 

the child´s normal development. It tries to correct the cerebral injuries of the child, depending on 

the pathological severity, that are established in the perinatal period. These pathological 

alterations (mainly alterations of posture and movement) can be corrected through child´s self-

control using exercises for reducing the consequences and malfunctions of their body. 

Cerebral motor disease (CME) is not a syndrome and affected children are unable to perform 

their cerebromotive potentials.
7 

 

1.3.4 Kabat 

It consists of a proprioceptive neuromuscular facilitation method which uses techniques that 

enhance or relax an action depending on the effect that is being sought. Today it is used in 

neuromotor conditions and in physical reconditioning after traumatic or sport injuries. 
5,6 

The Kabat principles are based on:  complex normal movements during daily life, application 

of a maximum manual resistance for strengthening the affected muscles, manual contacts to 

guide movement and stimulate muscles, compressions and tensions for causing a proprioceptive 

stimulation in joints, stretching to trigger the muscle contraction reflex mechanism, normal 

synchronization to perform a controlled movement and the reinforcement so body segments 

could combine one with others to overcome the resistance applied during treatment.
5 
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1.4  Stroke. Concept and types 

 

Also known as vascular brain accident (CVA). It is produced due to an ischemic infarction 

(on a specific area of the brain) or because of an intracranial hemorrhage. This last one affects 

one or more brain areas from one or both hemispheres.  

The signs and symptoms of this disease could start during the first 24 hours or days. It could 

also cause death. We can find the Transient ischemic accident (TIA). This could also be known 

as mini cerebrovascular accidents which are those that present the same signs and symptoms as 

stroke but disappear before the first 24 hours.  

The characteristic signs people present after suffering a stroke are the sensory and motor 

hemiparesis (weakness on one side of the body) or hemiplegia (paralysis of the contralateral 

hemibody to the brain injury).
8,9 

There are two types of stroke: ischemic stroke or hemorrhagic stroke. They can also be 

classified according to their spreading and injured areas.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hemorrhagic and Ischemic strokes 

Source: Neur.Behav. University of Virginia
49 
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Ischemic strokes are those that occur due to the obstruction of a cerebral artery. This 

obstruction could be caused by an atheroma of the artery or because of small blood clots. If this 

happens, blood cannot reach the cortical region irrigated by that artery. The most affected 

arteries usually are the anterior cerebral artery, the middle cerebral artery and the posterior 

cerebral artery or its perforating branches that are oriented towards the interior of the brain. 80% 

of cases are ischemic strokes and among their causes we can highlight thrombosis, embolism and 

systemic hypoperfusion. 

Hemorrhagic stroke accounts the 9% of stroke cases. In hypertensive patients lipohyalinosis 

or fibrohyalinosis could occur, which cause necrosis of the small deep brain arteries where their 

arterial wall gets thinner and arterial lumen gets smaller. As a result, microaneurysms are 

produced and could break the artery causing lagoon infarcts or deep mini hemorrhages. In this 

case, people could suffer intense headaches, vomits and, in a 50% of cases, loss of 

consciousness.
9,10
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2 OBJECTIVES  

 

2.1  Principal objective 

To select, analyze and contrast, through a systematic and bibliographical review, scientific 

evidence about gait recovery in stroke patients.  

  

2.2  Secondary objectives 

To identify which methods are most commonly used for the rehabilitation of those patients 

who have suffered a stroke and to detect which ones have better results while training gait.  

 

To analyze which elements should be taken into account when recovering patients, allowing 

them to perform their normal physical daily living activities without help. 

 

To describe results and also to perform a diagram or classification of the methods used in the 

clinical trials. 

 

To determine if the use of biofeedback with a mirror or videogame during the rehabilitation 

accomplishes patients’ gait recovery. 
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3 MATERIALS AND METHODS 

 

3.1  Search strategies 

This literature review started in February 2017 and ended in April 2017 by means of a 

rigorous search for literature reviews and randomized clinical trials making use of different 

databases, such as PubMed, Web Of Science (WOS), PEDro and Dialnet. 

The keywords used for research were: “stroke”, “gait”, “rehabilitation”, “physical 

therapy”, “treadmill”, “lower limb”, “ischemic stroke” and “adult patients”. In order to 

narrow down the search further, the Booleans “and” and “or” were used. All published articles 

since 2007 until nowadays were submitted. 

 

3.2  Inclusion and exclusion criteria 

Inclusion criteria 

- Clinical trial articles. 

- Adult patients from 18 to 69 years of age. 

- Articles published since 2007 until nowadays. 

- Articles based on patients’ physical therapy. 

- Articles focused on lower limb recovery, since the topic is gait recovery. 

- Articles with an eight-ten punctuation in PEDros’ scale. 

- Articles either in English or Spanish. 

- Articles with free full text available. 

Exclusion criteria 

- Articles where payment was necessary. 

- Articles which did not have full text. 

- Articles published before 2007. 

- Repetitions among databases. 

- Articles published in any language other than English or Spanish. 
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3.3  Review methods 

The following table will show the number of articles obtained from each electronic database. 

This was done thanks to the inclusion and exclusion criteria and a previous reading 

comprehension of each article’s summary.  

 

Databases Results Full text articles 
Selected 

articles 

Articles selected 

after reading their 

abstract 

Dialnet 19 7 (3 had to be paid) 4 0 

PEDro 5 (3 had problems 

with the web 

SAGEjournal) 

2 2 

PubMed 34 11 eliminated 

because of 

payment.  

5 were also in WOS 

database 

18 14 

WOS 47 17 14 12 

Total number of articles obtained 38 28 

 

Table 2. Research in databases 

Source: Own elaboration 

 

 Once inclusion and exclusion criteria were applied, 105 results were obtained as an initial 

search. All those articles that had to be paid, those that were repeated in other databases, those 

that did not have available full text and those that by log error had not been obtained were 

rejected.  

After the eliminations were carried out, 38 results were obtained.  Of these 38, those articles 

that were bibliographic reviews together with those that, after reading their abstract, had a very 

small sample were also discarded. This means that the results of these rejected articles were not 

reliable. Finally, 28 articles were selected for this study. 
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Figure 2: Database search diagram  

Source: Own elaboration 
 

The deleted articles were from the database Dialnet. In this search we found two 

bibliographic revisions and two small sample articles, so we decided not to include them in this 

study. Likewise, four articles from PubMed and two articles from the Web of Science (WOS) 

were also discarded because of their very small sample. 

In this study we have tried to analyze the articles/clinical trials with larger samples for 

extracting more reliable and effective results in relation to gait treatment rehabilitation. That is 

the reason why the following articles, listed below in table 3, were eliminated in this last step. 
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Table 3. Excluded articles in this revision 

Source: Own elaboration 

 

 

 

EXCLUDED ARTICLES 

REFERENCE RESEARCH 

 

Author and year 

 

 

Type of 

research 

 

Sample and mean age 

 

Reason for being 

excluded 

Westphal P.J. P et al. 

(2016)
11 

Clinical trial  N: 8 

Age: 43-59 years 

These articles were 

excluded because of their 

small sample. 

Delussu A. et al 

(2014)
12 

Clinical trial N: 12 

Age: 51-83 years 

López J et al. 

(2014)
13 

Case report N: 1 

Age: 42 years 

Hameau S et al. 

(2014)
14 

Clinical trial N: 14 

Age: 42-66 years 

Zollo L et al. 

(2015)
15 

Clinical trial N: 10 

Age: 40-76 years 

Lisi G and Morimoto 

J. (2015)
16

 

Clinical trial N: 8 

Age: 22.5-27.5 years 

Nilsson et al. 

(2014)
17 

Randomized 

Controlled trial 

N: 8 

Age: 39-64 years 

Trompetto C. et al. 

(2013)
18 

Randomized 

Controlled trial 

N:7 

Age: 40-73 years 

Morcillo A. 

(2014)
19 

Revision N: 7 studies  

It is not a type of article 

to be considered in this 

study. 

Martínez M et al. 

(2012)
20 

Revision N: 22 studies 
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4 RESULTS 

 

In this section, we have presented the different article results and we have classified them into 

two groups. In the first group were have valued the documents where patients received 

conventional treatment and manual therapies; and in the second group of articles,  patients 

worked with some kind of electronic mechanism, orthoses or sensors which analyzed the 

movement characteristics and projected the results in a 2D/3D computer.  

 

4.1  Articles in which treatment technique consists of gait rehabilitation by 

the use of manual and conventional therapies  

 

In this section we have introduced all those articles that deal with some type of manual and 

conventional therapy, noting that the number of articles obtained were 11 out of this section of 

28 articles in total, representing the 40% of the articles of this review. 

Of these articles, 3 are research papers and 8 are clinical trials. The research articles have tried 

to corroborate the efficacy of the methods that are reflected in table 4. The objective of these 

studies is to determine if their method is the correct one when evaluating the recovery patients´ 

gait. The following parameters were taken into account: gait speed after conventional therapy, 

mobility to carry out normal daily living activities and the number of steps before and after 

treatment to achieve greater independent activity. 

Clinical trial articles where split up in study groups with different types of treatment. This has 

been stablished in order to be able to compare the results and confirm if the use of a technique is 

effective.  In all cases there has always been a control group, that does not receive or receives a 

common treatment for the groups studied; and an experimental group (s) that receives a specific 

technique under study. Some of the techniques studied are: the use of botulinum toxin type A, 

the use of Tai Chi, the application of acupuncture, the use of Ropinirole, Bobath, etc. 

The results of these studies can be seen in the following tables: 
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CONVENTIONAL TREATMENT AND MANUAL THERAPIES  

REFERENCE RESEARCH SAMPLE AND INTERVENTION GROUP 

Author and year 
Type of 

research 

Sample and 

mean age 

Groups of treatment 

 
Treatment time Results 

Kim C et al. 

(2015)
21 

Clinical trial N: 30 

Age:  

50.24-69.1 

years. 

 

 

Control group:  

 

Routine 

therapy 30 

min. 

Tilt table 20 

min (both 

knees were 

fastened). 

 

Experimental 

group 1: 

 

Routine therapy 

30 min. 

Tilt table 20 min 

(affected side 

knee belt). 

Experimental 

group 2: 

 

Routine therapy 

30 min. 

Tilt table 20 min 

(affected side 

knee belt).  

Use of ball. 

3 weeks, 5 

days/week, 1 

hour/day. 

It is observed that the 

use of a tilt table in 

rehabilitation improves 

muscle recovery and 

gait in patient with 

stroke. 

Tan Z et al. 

(2014)
22 

Randomized 

controlled 

trial 

N: 45 

Age:  

45-80 years. 

Placebo: 

 

30 min 

physical 

therapy and 30 

min 

occupational 

therapy 

focused on 

ADL training. 

 

Four-channel: 

 

30 min physical 

therapy and 30 

min occupational 

therapy focused 

on ADL training. 

Use of program 1. 

Dual channel: 

 

30 min physical 

therapy and 30 

min 

occupational 

therapy focused 

on ADL 

training. 

Use of program 

2. 

3 weeks, 5 

days/week, 1 

session/day. 

 

3 months 

follow-up after 

treatment. 

Use of four-channel 

FES and dual-channel 

FES encourages daily 

living activities. 

Program 1: stimulation of tibialis anterior, quadriceps, hamstrings and gastrocnemius of the affected leg. 

Program 2: stimulation of the tibialis anterior and peroneus longus and brevis. 
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Punt M et al. 

(2014)
23 

Research N: 33 

Age: 

 53-70.6 

years. 

All patients were tested twice with a test-

retest from 2 days until 2 weeks using the 

six-minute walk test (6MWT) and the 

standardized treadmill test. 

Use of FESTA method. 

 

2 weeks. FESTA provides the 

possibility to measure 

gait parameter in a 

valid and reliable 

manner. 

FESTA method (Feedback to Stimulate Activity) was used to determine the number of steps, waking bouts, covered distance and activity profile 

over time. 

Carvalho L et al. 

(2013)
24 

Double-

blind trial 

N: 30 

Age:  

55.4-79.9 

years. 

Group 1: 

 

300 UI BTX-A 

Rehabilitation 

program and 

performed physical 

activities. 

Group 2: 

 

100 UI BTX-A 

Rehabilitation 

program and 

performed physical 

activities. 

4 days/week, 40 

minutes/day. 

 

Evaluation in 2, 4, 8, 

12 weeks after 

injection. 

Patients who received 

more BTX-A had more 

beneficial effects on 

spasticity.  

BTX-A: Botulinum Toxin type A. 

Roche N et al. 

(2015)
25 

Clinical trial N: 35 

Age:  

35.7-63.6 

years. 

Group R: 

 

Botulinum toxin + 

standardized self-

rehabilitation 

program. 

Group C: 

 

Botulinum toxin 

injections. 

4 weeks, 3 separate 

10-min periods/day. 

A standardized self-

rehabilitation program 

is a useful adjunct to 

BoNT-A injections for 

improving gait. 

Spaich E et al. 

(2014)
26 

Research N:30 

Age:  

36-83 years. 

Control Group: 

 

Physical therapy-

based gait training 

alone. 

Treatment group:  

 

Physical therapy-

based gait training 

with withdrawal 

reflex stimulation. 

20 daily sessions with 

a maximum of 2 days 

without training 

between sessions. 

Furthermore 30 

min/day with at least 

15 min.  

Allow resting periods. 

Intensive physical 

therapy based gait 

training combined with 

withdrawal reflex, 

improves walking 

abilities specially in 

patients with very poor 

ones. 
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Zhang Y et al. 

(2014)
27 

Clinical trial N: 50 

Age:  

40-75 years. 

Control group: 

 

Standard and 

conventional 

rehabilitation 

therapies. 

Tai Chi group:  

 

Tai Chi and 

conventional 

rehabilitation 

programs  and Tai 

Chi. 

 

4-week supervised 

rehabilitation course 

(5 days/week of 

rehabilitation) and 3-

month follow-up. 

The preliminary results 

demonstrate that the 

efficacy and feasibility 

of Tai Chi is not 

conclusive. 

Mikolajewska E. 

(2013)
28 

Research N: 60 

Age:  

42-68 years. 

Ten 30-minute physical therapy sessions 

based on the NDT- Bobath concept over a 

two-week period. 

 

Gait recording using a video camera, visual 

gait evaluation, measurement of spatio-

temporal gait parameters (velocity, cadence 

and stride length) and calculating values 

using the clinical gait Analyzer software. 

 

 

2 weeks, 5 days/week. NDT-Bobath method is 

an effective approach 

to gait reeducation in 

adult ischemic-stroke 

survivors. 

Burke E et al. 

(2014)
29 

Randomized 

clinical trial 

N: 33 

Age: 

47-75 years. 

Group 1: 

 

Ropinirole once daily 

(starting at week 5) 

and 90 minutes of 

physical therapy. 

 

Group 2: 

 

Placebo and 90 

minutes of physical 

therapy. 

9 weeks. Current findings 

provide useful insight 

into predictors and 

biomarkers of 

treatment effect in 

studies targeting the 

lower extremity in 

chronic stroke patients. 

 

Ropinirole is a dopamine agonist of the non-ergoline class of medications. 
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Zhang Y et al. 

(2016)
30 

Controlled 

pilot trial 

N: 60 

Age:  

40-75 years. 

 

Acupuncture 

treatment group:  

 

Conventional 

rehabilitation 

therapies and 

acupuncture. 

Control group: 

 

Conventional 

rehabilitation 

therapies. 

4 weeks treatment and 

a follow-up period of 

3 months. 

 

Rehabilitation 

program will be 

carried out 5 

times/week. 

 

Acupuncture will take 

place 5 times/week 

and will last 30 

minutes every time. 

Present the protocol of 

a pilot randomized 

controlled trial aims at 

evaluating the 

biomechanical effect of 

acupuncture for 

poststroke cavovarus 

foot. Results of the 

current study show the 

biomechanical effect of 

acupuncture and 

foundations for future 

studies. 

Jones P et al. 

(2015)
31 

Clinical trial N: 50 

Age:  

≤ 18 years. 

Only those patients who had agreed to 

undertake magnetic resonance imaging were 

eligible for this study. This article is related 

to Burke et al., 2014. 

6 weeks. This study suggests 

that magnetic 

resonance should be 

done before starting 

rehabilitation to obtain 

the level of injury of 

patients with stroke. 

 

Table 4. Conventional treatment and manual therapies 

Source: Own elaboration 
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4.2 Articles in which treatment technique consists of gait rehabilitation 

by the use of manual therapies together with different types of 

electronic systems, orthoses or motion sensors. 

 

In this summary, the rest of the articles that are part of the analysis of this revision are 

collected. These are characterized by using manual treatment therapies along with some 

electronic system or device, orthoses or movement markers. It should be noted that the number 

of articles in this section corresponds to a 60% of the articles of this study. 

All articles are randomized clinical trials, where a control group and another experimental or 

treatment group are generally evaluated. The main objective of each trial is gait recovery in post-

stroke patients and observe if there are differences between the treated group (with electronic 

complements) and the control group. 

As in the previous section, in many cases patients´ recovery will be evaluated according to the 

following parameters: 

- Walking speed after conventional therapy,  

- Mobility for carrying out normal daily living activities. 

-  Number of steps before and after treatment to achieve greater independent activities. 

The results offered by these clinical trials have been used for generally establishing that in 

many cases, as shown in Table 5, in the column results, more than 90% of the trials produced a 

greater improvement in the groups where some electronic therapy was used than in the groups 

that only received conventional therapy. 

Some of the complementary techniques used are: Balance Control Trainer (BCT), Vibrating 

platform, TPBWS, Virtual reality, GAGT / OCGT etc. (The different techniques will be explained 

throughout Table 5). 

The results of these studies can be seen in the following table: 
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GAIT TREATMENT WITH TECHNOLOGY  

REFERENCE RESEARCH SAMPLE AND INTERVENTION GROUP 

Author and 

year 

Type of 

research 

Sample and 

mean age 
Groups of treatment Treatment time Results 

Lee A et al. 

(2012)
32 

Randomized 

controlled 

trial 

N: 40 

Age:  

42.7-65.1 

years. 

Experimental group:  

 

Training with a 

Balance Control 

Trainer (BCT) for 20 

minutes/day and 

conventional physical 

therapy. 

 

Control group: 

 

Conventional physical 

therapy. 

5 days/week, 4 

weeks. 

BCT conjuncted with 

conventional 

rehabilitation therapies 

can be more effective 

than conventional 

therapies alone. 

Brogardh C et 

al. 

(2012)
33 

Double-blind 

randomized 

controlled 

study 

N: 31 

Age:  

55-69 years. 

Intervention group: 

 

Training on a 

vibrating platform 

with a conventional 

amplitude (3.75 mm) 

with a frequency of 25 

Hz. 

Control group: 

 

Training on a 

“placebo” vibrating 

platform (0.2 mm 

amplitude) with a 

frequency of 25 Hz. 

12 sessions of 

WBV Training 

(twice a week 

during 6 weeks). 

Training on a vibration 

platform with 

conventional amplitude 

had small effects on 

balance and gait 

performance, but was 

not more efficient than a 

placebo vibrating 

platform. 

 

Ribeiro T et al.  

(2013)
34 

Randomized 

controlled 

study 

N: 23 

Age:  

40-70 years. 

PNF group:  

 

PNF training using 

basic PNF procedures 

and facilitation 

patterns. 

TPBWS group: 

 

Gait TPBWS training 

was composed of a 

harness attached to a 

weight bearing 

12 sessions 

divided into three 

weekly 30-

minute sessions. 

4 consecutive 

weeks. 

Motor function and gait 

symmetry improved in 

both groups.  
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mechanism coupled to 

an electric treadmill, 

with walking area 

measuring and a front 

bar with heart 

monitoring sensors. 

McEwen D et 

al. 

(2014)
35 

Randomized 

controlled 

trial 

N: 59 

Age:  

men (21-86) 

and women 

(18-95). 

Treatment group: 

 

Standard stroke 

rehabilitation therapy 

plus a program of 

Virtual Reality (VR) 

exercises that 

challenged balance 

performed while 

standing. 

Control group: 

 

Standard stroke 

rehabilitation therapy 

plus exposure to 

identical Virtual 

Reality (VR) 

environments but the 

games of which did 

not challenge balance 

(performed in sitting). 

 

Virtual Reality 

(VR) training 

consisted of 10-

12 thirty-

minute/daily 

sessions for a 3-

week period. 

 

VR exercise 

intervention for 

inpatient stroke 

rehabilitation improves 

mobility-related 

outcomes. 

Oostra K. M et 

al. 

(2015)
36 

Randomized 

controlled 

trial 

N: 44 

Age:  

40-64 years. 

Motor imagery 

training group: 

 

Standard rehabilitation 

program with 2H 

physical therapy and 

1H occupational 

therapy daily, 5 

days/week. 

 

30-min daily mental 

practice treatment 

sessions. 

Muscle relaxation 

group: 

 

The same amount of 

muscle relaxation 

therapy over and 

above the standard 

rehabilitation training 

(30-min one-to-one 

session/day). 

6 weeks. Vividness of kinesthetic 

imagery and walking 

test results improved 

more in the motor 

imagery group. 
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Druzbicki M et 

al. 

(2015)
37 

Randomized 

study 

N: 50 

Age:  

38-79 years. 

 

Control group: 

 

Treadmill training 

without visual 

biofeedback and basic 

physical therapy 

consisting of 1.5H 

sessions for 10 days (5 

per week). 

Intervention group: 

 

Treadmill training 

with visual 

biofeedback and basic 

physical therapy  

consisting of 1.5H 

sessions for 10 days (5 

per week. 

10 sessions over 

2 weeks. 

Gait training using a 

treadmill improves 

patients’ gait and 

functional capacity. Use 

of biofeedback gives 

better results. 

Lee M et al. 

(2014)
38 

Clinical trial N: 44 

Age:  

patients with 

stroke  

(60.4-69.6 

years) and 

healthy 

young adults 

(24.5-32.5 

years). 

 

Patients with stroke. Healthy young adults. 2 sessions were a 

60-s date capture 

period was used 

(when the 

participant was 

comfortable 

while walking).  

Testing was 

repeated 30 min 

after the initial 

trial to evaluate 

the test-retest 

reliability. 

The OPTOGait system 

and Zebris system 

showed excellent 

concurrent validity, and 

the treadmill based 

OPROGait had high 

test-retest reliability. 

Koh G et al. 

(2015)
39 

Clinical trial N: 100 

Age:  

≤ 40 years. 

Intervention group: 

 

Physical therapy and 

occupational therapy. 

Tele-rehabilitation 

program for 3 months. 

Control group: 

 

Physical therapy and 

occupational therapy. 

 

3 months, 5 days-

a-week. 

Optimal usage of 

technologies in 

nationwide post-stroke 

rehabilitation remains a 

subject of discussion 

amongst healthcare 

decision makers and one 

of the most paramount 

problems that stop them 
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from implementing it is 

due to cost. 

Ochi M. et al. 

(2015)
40 

Blinded-

endpoint trial 

N:26 

Age:  

20-64 years. 

GAGT group: 

completed 60 min of 

standard physical 

therapy 

followed by 20 min of 

GAGT,  and 60 min of 

occupational therapy. 

OCGT group: 

completed 60 min of 

standard physical 

therapy 

followed by 20 min of 

OCGT, 60 min of 

occupational therapy, 

and 20 min of robot-

assisted upper 

extremity training. 

 

4 weeks, 5 days- 

a-week. 

GAGT combined with 

standard physical 

therapy was superior to 

physical therapy alone 

in subacute non-

ambulatory hemiplegic 

stroke patients. 

 

GAGT group: gait training with a gait-assistance robot. 

OCGT group: overground conventional gait training. 

Combs S.A. et 

al.  

(2013)
41 

Clinical trial N: 41 

Age:  

40-80 years. 

Stroke group: 

 

treated for 24 sessions 

of BWSTT over 8 

weeks with 20 

minutes of total 

walking each session. 

Non-disabled group:  

 

did not participate in 

the intervention. 

24 sessions in 8 

weeks, 20 

min/session. 

 

6 month-study. 

 

 

Improvements made by 

the stroke group toward 

recovery of normal 

bilateral coordination 

after BWSTT justifies 

the importance of 

continued rehabilitation 

for patients in the 

chronic stage of stroke. 

BWSTT is a means of locomotor training that can increase overground gait speed after stroke. 

Kang T-K. et 

al. 

(2016)
42 

Randomized 

controlled 

trial 

N:30 

Age:  

50-64,78 

years. 

NTT group: 

Nordic treadmill 

training on balance, 

gait, and activities of 

daily living. 

TT group: 

Treadmill 

training on balance, 

gait, and activities of 

daily living. 

6 weeks, 5 days a 

week, 30 

min/day. 

NTT training is 

beneficial for improving 

balance, gait ability, and 

ADL in stroke patients.   
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Cho K.H. and 

Lee W.H.  

(2013)
43 

Randomized 

controlled 

trial 

N: 30 

Age:  

59,1-70,38 

years. 

TRWR group: 

 

Participated in a 

standard rehabilitation 

program and  

treadmill training 

based on real-world 

video recording. 

Control group: 

 

Participated in a 

standard rehabilitation 

program and treadmill 

walking training. 

6 weeks, 3 

day/week, 30 

min/day. 

The change of dynamic 

balance was more 

evident in the TBRVR 

group. This study does 

not support the a priori 

hypothesis that TRWVR 

would be beneficial to 

improve static balance.  

 

Bultramann U. 

et al. 

(2013)
44 

Randomized 

controlled 

trial 

N:23 

Age: 

46,95-70,95 

years. 

Control group: 

 

It is a healthy group. 

Cerebellar Stroke 

group: 

 

Treadmill training and 

classical physical 

therapy after stroke 

according to the 

Bobath concept. 

 

Evaluated after 2 

weeks and 3 

months. 

Training since 2 

weeks, 30 

min/day. 

Additional treadmill 

training did not lead to a 

further improvement of 

the motor deficits. 

Hoyer E. et al. 

(2014)
45 

Randomized 

controlled 

trial 

N:21 

Age:  

18-64 years. 

All patients underwent testing of overground 

gait function both in a corridor and in a gait 

laboratory, before and after 11 weeks of 

rehabilitation. 

19 months, 11 

weeks of 

rehabilitation. 

The test–retest 

reliability of temporal 

and spatial gait 

parameters was very 

satisfactory both when 

measured by a simple 

test in a corridor and by 

an advanced method in 

a gait laboratory, in this 

group of patients who 

were dependent on 

walking assistance after 

stroke. 



 

24 
 

Srivastava A. 

et al. 

(2016)
46 

Randomized 

controlled 

trial 

N:45 

Age:  

34,19-56,83 

years. 

Group I: 

 

Overground 

task-oriented 

gait training 

by a 

conventional 

physical 

therapy 

approach. 

Group II: 

 

Gait training 

on a treadmill 

without body-

weight 

support. No 

mechanical 

support was 

provided. 

Group III: 

 

Gait training 

on a 

treadmill 

with body-

weight 

support 

(40% un-

weighting). 

20 sessions, 4 

weeks, 5 

days/week, 30 

min/day. 

 

3-month follow-

up. 

Survivors trained with 

task-oriented 

conventional physical 

therapy and treadmill 

training showed 

improvement in gait 

parameters at the end of 

training and at follow-

up. Treadmill training 

offers subtle additional 

advantage over 

conventional physical 

therapy approaches in 

improving gait after 

stroke. 

Kim S-Y. et al. 

(2014)
47 

Randomized 

controlled 

trial 

N:26 

Age:  

37,65-66,45 

years. 

WLT group: 

 

Conventional physical 

therapy, WALKBOT-

assisted gait training 

and all individuals 

wore a suspension 

vest and harness 

connected to a 

counterweight system 

to provide 

lumbopelvic stability 

and body weight 

support. 

CLT group: 

 

Bed mobility 

exercises and 

stretching. CLT 

involved conventional 

physical therapy 

alone. 

4 weeks, 

5days/week, 80 

min/ day 

 

In both groups, 

then increased in 

40 min more. 

WALKBOT might be a 

potentially more 

effective robotic-

assisted gait training 

system as compared 

with the conventional 

one in patients with 

hemiparetic stroke.  

WLT group: WALKBOT-assisted locomotor training. 

CLT group: conventional locomotor training. 
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Table 5. Gait treatment with technology 

Source: Own elaboration 

 

 

      

 

 

  

Buesing C. et 

al. 

(2015)
48 

Randomized 

controlled 

trial 

N:50 

Age:  

18-85 years. 

FTST group: 

 

15 min of high 

intensity over-ground 

walking 

training/treadmill 

training and 30 min of 

functional goal-based 

mobility training. 

SMA group: 

 

30 min dedicated to 

high intensity over-

ground walking 

training with SMA and 

15 min of dynamic 

functional gait 

training with SMA. 

6-8 weeks, 3 

day/week, 

18 sessions 

maximum, 45 

min/session. 

 

3-month follow-

up. 

SMA and FTST 

interventions provided 

similar improvements in 

a majority of 

spatiotemporal gait 

parameters.  

 

SMA was more effective 

at improving additional 

spatiotemporal 

parameters across 

different time points. 

 

FTST: Functional Task Specific Training. 

SMA: Stride Management Assist. It is a robotic exoskeleton. 
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5 DISCUSSION 

  

Given all the results obtained in this literature review, it seems that the use of electronic 

devices / devices in the rehabilitation of the lower limb in patients with stroke is increasing. This 

greater use of electronic systems is due to the generalized improvement shown by those groups 

of patients who receive this type of treatment and who not only face the recovery of mobility 

with the application of manual and conventional therapies. 

This behavior can be observed in Figure 3, which shows the percentage of articles excluded 

from this study, the percentage of articles where physical therapies are used and the percentage 

of articles where manual techniques are applied together with some type of electronic device. 

 

  

Figure 3: Sector diagram - Groups of articles percentage 

Source: Own elaboration 

 

Most clinical trials where patients who undergo intensive rehabilitation or who use some 

electrical device for their recovery show significantly greater improvements than patients 

receiving conventional therapies. Moreover, those patients who receive therapy for a longer time, 

obtain a more favorable recovery. 

 

29% 

45% 

26% 

 Sector diagram - Groups of articles percentage  

ONLY PHYSICAL THERAPY 

  THERAPY + ELECTRONIC ELEMENT 

EXCLUDED 
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It should be noted that in some studies such as Kim C et al
21

, Punt M et al.
23

, Spaich E et al.
26

,
 

Mikolajewska E. et al.
 28

, McEwen D. et al.
35

, Druzbicki M et al.
37 

y Lee M et al.
38

, despite a clear 

improvement in patients, treatments have been carried out in short periods of time; considering 

this a handicap in patients´ normal capacity of mobility recovery. Patients, however, give more 

value to mobility recovery for carrying out their daily living activities than walking faster or 

taking longer steps. 

Studies such as Tan Z. et al.
22

, Spaich E.G. et al.
26

, Mikolajewska E. et al.
 28 

y Burke E. et al.
29

 

(based in manual and conventional therapies, highlighting that in Mikolajewska E. et al.
 28

 article 

it is used the Bobath technique which is very common) declare that they are satisfied with the 

achievements in spite of the limitations they have suffered, for example the abandonment of 

patients due to geographical reasons, illness, pain due to treatment received, duration in time, etc. 

In this point of the analysis, we must mention Carvalho L.H. et al.
24

 and Roche N. et al.
25

 

articles which use the administration of botulinum toxin type A injections as a complement to 

conventional rehabilitation.  The good results extracted from both trials were shown and it was 

shown that this technique is beneficial for accelerating gait recovery process. 

Finally, there are two particular cases included in the manual therapy group: one where Tai 

chi is used (Zhang Y. et al.
27

) and another where acupuncture is used (Zhang Y. et al.
30

). In these 

cases, the need for further study of this type of treatment is emphasized. Also, it should be noted 

that the use of these two complementary methods are effective according to the clinical trials 

where they are presented. However, the results are very inconclusive due to the lack of reliability 

that these techniques show in the scientific field and, therefore, some more thorough 

investigation in this matter should be done. 

However, considering the articles included in the conventional therapy treatment group 

complemented with the incorporation of some type of electrical mechanisms, it can be concluded 

that the use of walking tapes is the most used in these studies. 53% of extracted articles use tape 

as a means of rehabilitation, followed by articles that use a virtual reality system (24% of these 

studies), exoskeletons (18% of these studies) and vibratory platform (5% of these studies). It 

should be noted that in most of these trials, motion sensors were used to analyze treatment 

outcomes. 
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Generally the studied groups in each of the clinical trials were comparable and differed 

between them at the end of the study. In most cases this difference was positive for those groups 

that received a complementary training or a technique with electronic training devices as 

rehabilitation therapy. This was an indicative of improvement in recovery of gait rehabilitation 

functions in these patients. 

The articles highlighting improvement among the groups of study patients are: Lee A.H. et 

al.
32

, Ribeiro T. et al.
34

, Druzbicki M et al.
37

, Myungmo L. et al.
38

, Ochi M. et al.
40

, Combs S.A. et 

al.
41

, Kang T-W et al.
42

, Hoyer E. et al.
45

, Srivastava A. et al.
46

, Kim S-Y. et al.
47

 y Buesing C. et 

al.
48

.   

As well as studies with demonstrated improvements were seen, there were also cases in which 

there were no significant differences between the analyzed groups, in which we highlight the 

clinical trials of: Brogardh C et al.
33

, McEwen D. et al.
35

, Oostra K.M. et al.
36

, Cho K.H. with 

Lee W.H.
43 

and Bultmann U. et al.
44

. In these studies we recommend a prolongation of the study 

over time, a change in the technique applied, an increase in the population studied, or a change in 

the characteristics of patients´ inclusion and exclusion criteria. In addition, further progress in 

gait recovery research should be considered with the application of manual treatments with the 

use of exoskeletons (due to the autonomy offered by the use of these movement systems) for 

facilitating gait recovery, as it is pointed out in the articles published by Ochi M. et al.
40

, Kim S-

Y. et al.
47

 y Buesing C. et al.
48

. 

 Longer control of patients´ recovery, even through tele-rehabilitation (Koh et al.
39

), should be 

carried out; since the limitation of patients recovery is based on time factor. The period of time 

since the person suffers the stroke until rehabilitation begins is very extensive. Therefore, time is 

a very important drawback to attend stroke victims and our objective is to achieve, as soon as 

possible, the greatest functional capacity and independence using the time required for each 

patient. 
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While we were carrying out this bibliographical review, we have appreciated several 

limitations such as:  

- Not being able to work with all the articles found, because the samples in some cases 

were so small to be able to assess the proposed results as reliable, so that they were 

discarded;  

- Not being able to offer a technique as the best one among all the articles reviewed, 

since the methodologies used were so different from each other in a way that all had 

something to contribute and generate some type of improvement;  

- Most of the studies did not take into account the environmental and visual factors that 

affected patients, since rehabilitation programs were done in rooms;   

- Not being able to value certain clinical trials as articles with scientific rigor because 

the technique used was not included in scientific treatment methods (e.g. Tai chi and 

acupuncture); 

- Perceiving that all articles agreed that further studies of longer duration should be 

done because of time limitation of trials (programs´ application time for gait 

rehabilitation was very short). 
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6 CONCLUSIONS 

 

There are copious studies based on patients´ gait recovery after stroke. One of the 

consequences of this disease is the loss of partial mobility of the lower limb, which makes 

difficult the implementation of daily living activities in this type of patients.  Therefore, in this 

bibliographic review we have extracted most of those articles published in the last ten years 

where patients´ gait has been affected by stroke.   

After this exhaustive review, we agree that stroke is one of the most prominent neurological 

diseases, specifically ischemic stroke, where 80% of cases belong to this category. We also have 

to highlight that ischemic strokes produce less brain damages than hemorrhagic ones, which 

could cause death much more easily. 

A clear increase in the use of electronic rehabilitation elements and / or devices, such as 

treadmills, vibratory platforms, virtual reality devices or exoskeletons has been observed, instead 

of the only use of conventional therapies. In fact, 60% of the articles studied have shown the 

application of this type of electronic techniques when implementing rehabilitation programs.  

Rehabilitation by means of electronic devices or exoskeletons should be incorporated for 

improving and helping gait recovery in post-stroke patients.  11 out of 17 studies (65% of these 

articles), demonstrate or declare the effectiveness of including this element into gait 

rehabilitation therapy programs.  

Methods such as Tai Chi and acupuncture should be studied better, since their scientific 

benefits and utilization as an extra help for conventional therapies have not yet been confirmed. 

In those studies where only conventional treatment has been used, no significant differences 

have been observed between the groups analyzed. 

Finally, we emphasize that the use of biofeedback accomplishes patients´ motivation and 

encourages them to continue their rehabilitation treatment for recovering their normal motor 

functions. 
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