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Ischemic stroke is one of the most debilitating conditions, causing 

approximately 9 million survivors of this disease worldwide to live with some 

degree of disability and handicap. Of these, only about 50% will be able to carry 

out their daily activities that involve gait at community level. The features of gait 

functionality in patients with hemiparesis after ischemic stroke raise some issues 

regarding the very ergonomics of the act of deambulation. This is because gait is 

characterized by a low speed and endurance, and last but not least these patients 

show changes in the quality and flexibility of the gait stereotype. 

The muscular energy required by the sequelae after ischemic stroke is higher 

than that of a person with a normal gait. Intersegmental coordination between the 

upper and lower limbs while walking is severely affected. Overall, we can 

conclude that the gait of the hemiparetic adult after ischemic stroke is 

characterized by a disturbance of intersegmental coordination, a shorter step length 

with the lower limb on the affected side, longer duration of unipodal support on the 

unaffected side and shorter on the affected side. 

The first part of the doctoral thesis, entitled “Theoretical substantiation of 

the paper” is structured in 6 chapters, thus, Chapter 1 “General aspects of ischemic 

stroke” contains information on the World Health Organization’s 

recommendations on physical activity as a factor in preventing ischemic stroke, 

epidemiology and risk factors. Chapter 2 deals with “Reflecting the topic in the 

national and international literature and motivating its choice”. Chapter 3, entitled   

“The relationship between ischemic stroke, stress and physical exertion” includes 

an overview of the clinical picture and types of strokes, but also an analysis of the 

impact of stress and physical exertion on the body. In Chapter 4, entitled “Gait 

biomechanics”, the analysis of normal gait is performed first, and later, the way in 

which the patient with hemiparesis is related to the biomechanics of normal gait is 

highlighted. Chapter 5, entitled “Classical theories versus modern theories of 

functional recovery after ischemic stroke”, makes a description and a comparative 

analysis between the two types of theories on which the concepts of functional 

recovery are based. In Chapter 6, “Functional recovery strategy after ischemic 

stroke”, the essential aspects revolve around the methods of kinetotherapeutic 

approach of the patient with hemiparesis in the acute, subacute and chronic phase. 



Some of the conclusions that derived from the theoretical and scientific 

substantiation: 

 Ischemic stroke prophylaxis is a national priority sanogenetic measure, 

because this condition, through the disabilities it generates to the individual, 

has a negative socio-economic impact; 

 Chronic stress, as a factor of premature aging of blood vessels, can be 

successfully combated by implementing a program of exercise and rest, 

performed in accordance with the psycho-physiological requirements of the 

individual; 

 Depending on the evolutionary phases of ischemic stroke, recovery strategies 

will aim at different objectives, which will address the restoration of the 

function of neuromioartrokinetic elements by reference to the overall 

functionality of the body. These will be of progressive complexity, in 

accordance with the speed of reinstallation of the individual’s motor control; 

 Classical neuromotor methods postulate the general idea that, in the process 

of functional recovery, in the neurological patient after ischemic stroke, there 

are preferentially certain “hyperactivated” muscle groups that lead to 

pathological patterns of movement. Consequently, the physiotherapist must 

correct these patterns, aiming at an inhibition of the muscles in question, at 

the same time as the development of correct schemes by stimulating the 

hypotonic muscle groups; 

 Modern recovery methods propose a functional medical recovery, based on 

performing motor, flexible, sequential tasks, because only the confrontation 

with novelty stimulates neuroplasticity. In this sense, there is no important 

emphasis on correcting the wrong movements from the beginning, but the 

patient is offered the possibility of multiple repetitions of the gesture until it 

becomes cursive, functional. 

In the second part of the doctoral thesis, “Preliminary research on the 

effects of modern kinetic programs applied to the functional gait re-education in 

ischemic stroke”, it was considered in the first phase the elaboration of chapter 7 

regarding the “Delimitation of the general methodological framework of the 

preliminary research”, which included the premises, objectives, purpose, tasks, 

subjects and place of the research, the stages and hypothesis of the research and 

also the methods of scientific research and the assessment of the subjects. Next, in 

Chapter 8, “The original functional gait recovery program based on the principles 

of constraint-induced movement therapy”, to which the objectives and mechanisms 

of action of constraint-induced movement therapy have been subordinated, the 

original program of motor tasks was designed and specifically applied. 

The objectives of the preliminary research consisted of: 



 highlighting the mechanisms of action of constraint-induced movement 

therapy and their use, in order to re-educate the gait; 

 the fastest possible recovery of the quantitative and qualitative parameters 

of gait by applying a method whose efficiency has not been verified in the 

national literature; 

 improving the dynamic balance and reducing the risk of falling, through 

constraint-induced movement therapy, integrated into a motor task 

program, which requires postural recovery of the body; 

The purpose of the preliminary research was to determine the effectiveness 

of functional recovery through constraint-induced movement therapy applied to the 

healthy lower limb, in order to improve the quantitative and qualitative parameters 

of gait, in neurological patients after ischemic stroke, so that they can become 

independent, namely to be able to perform the activities of daily life, involving 

movement over medium and long distances, with a level of autonomy and motor 

correctness as close as possible to those prior to the ischemic episode. 

The tasks of the preliminary research were: 

 consulting the national and international specialized bibliographic material 

regarding the approached topic; 

 formulating the premises and the research hypothesis; 

 establishing research stages; 

 establishing research methods; 

 setting up the group of subjects based on their written consent following their 

information, in compliance with the norms of scientific research ethics; 

 informing patients about the need to keep the unaffected lower limb 

immobilized during the hours outside the programs performed in an organized 

setting; 

 elaborating the therapeutic design and applying it; 

 assessing the subjects both before the implementation of the kinetic program 

and at its end; 

 data collection; 

 data analysis, processing and interpretation; 

 drawing conclusions from research. 

In order to collect the necessary data, in the preliminary research we used the 

following scientific research methods: 

 bibliographic study method; 

 the method of investigation based on clinical interview; 

 observation method; 

 multiple-case study method; 

 statistical-mathematical method. 



Also, for the suggestive representation of the obtained results, we used the 

graphical representation method. 

Some of the conclusions of the preliminary research: 

 Following the analysis and interpretation of the results, the effectiveness of 

the constraint-induced movement therapy on the paretic lower limb is found 

in neurological persons after ischemic stroke, thus the functional recovery of 

gait was obtained in a much shorter time than that achieved by classical 

methods of kinetic recovery; as a result, parameters such as dynamic balance 

and gait perimeter have significantly improved; 

 Based on modern theories - cognitive theory of neuromotor learning - 

constraint-induced movement therapy applied to subjects led to a higher 

degree of cortical representation of the external environment. This, 

corroborated with the systematic repetition of motor tasks in the conditions 

of concentration of attention also requested by the limitation of the 

movements as a result of the immobilization of the healthy lower limb by the 

knee orthosis (which conferred a slight insecurity), led to a better process of 

relearning motor control of the lower limbs while walking, compared to that 

obtained by classical methods; 

 In the functional re-education of the lower limb, the application of 

constraint-induced movement therapy, although it allowed at the beginning 

the gross performance of the movements – unlike classical approaches that 

rely, from the beginning of neuromotor recovery, on performing precise 

movements – associated with synkinesis, subsequently by systematic 

repetition, verbal guidance, uninterrupted motivation, increased attention, 

and by continuous change of motor tasks, patients succeeded in a short time 

- 3 weeks according to the instructions for applying the therapy – to perform 

movements with a much higher level of coordination, considerably reducing 

synkinetic movements; at the base of this process were, of course, the 

possibilities of the cerebral areas to reorganize functionally, a process that 

we “modelled” through the original program made according to Taub’s 

instructions; 

 Due to the intrinsic value of constraint-induced movement therapy, which 

forces the patient to adopt plantigrade support with great firmness – thus 

stimulating the articular proprioceptors at the level of the phalangeal joints – 

subjects achieved better kinesthetic discrimination both at this level and in 

the ankle; 

 Regarding the set of exercises, Taub did not indicate a specific recovery 

protocol, but proposed the stress of the affected lower limb in a series of 

activities, leaving it to practitioners to design the actual programs. 



Consequently, this aspect allowed us, on the basis of the “informational 

scaffolding” provided by the author, to design an original program, through 

whose work tasks to request the deficient functions of the 

neuromyatrokinetic system, so as to obtain a functional gait from patients 

with stroke in the shortest possible time. 

In the third part of the doctoral thesis, “Proper research on the effects of 

modern kinetic programs applied for functional gait re-education in ischemic 

stroke”, we extended the number of subjects who participated in our research and 

also applied assessment scales with a higher degree of quantification of the 

progress obtained both quantitatively and qualitatively in terms of functional gait 

re-education. 

The purpose of the proper research was to highlight the role of constraint-

induced movement therapy on the affected lower limb in patients with neurological 

syndrome after ischemic stroke, in the rapid recovery of a gait with high qualitative 

and quantitative parameters, and an optimal intersegmental coordination in solving 

everyday problems. 

The objectives of the proper research consisted of: 

 completing the recovery program according to Taub’s instructions with 

elements of originality, by introducing motor tasks with greater difficulty, 

which must be performed by the subjects, in accordance with the state for 

the moment and their motor potential; 

 selecting and integrating functional gains - obtained by multiple repetition 

for each task, specific to the secondary exercise program - in all daily 

gestures. 

The tasks of the proper research were the following: 

 setting up a homogeneous group of patients, based on inclusion and 

exclusion criteria; 

 organizing the research in accordance with the general research plan and the 

stages that compose it; 

 selecting and applying scales / tests for initial and final assessment of 

subjects and recording the results; 

 designing and implementing individualized kinetic programs, on the group 

of subjects, in accordance with the basic principles of physical therapy, and 

with Taub’s intervention principles; 

 analysis, processing, graphical representation and intragroup interpretation 

of the results obtained at the initial and final assessments; 

 formulating the conclusions and recommendations that patients must follow 

at the end of the program, in order to optimize the results obtained 

The proper research hypothesis was the following: 



Applying a therapeutic intervention, following Taub’s instructions, an 

intervention that consists of physical exercises combined in a main program, to 

which we added a secondary program, both performed under conditions of 

constraint on the degree of freedom of the unaffected lower limb, leads to the 

improvement of quantitative and qualitative parameters of gait. 

We took into account the following quantitative and qualitative parameters: 

coxofemoral flexion, scapulohumeral flexion, angle of attack of the heel and 

cadence (quantitative parameters), respectively the intersegmental coordination 

between the upper limb and the contralateral lower limb, and gait rhythmicity 

(qualitative parameters). 

The doctoral thesis is a research of multiple-case study, having a practical 

character, but also of finding and ameliorative analysis, and used the following 

methods of scientific research: scientific documentation method, observation 

method, multiple-case study method, questionnaire-based survey method, the 

graphical representation method and the statistical method. 

The statistics were descriptive and inferential.  

Taking into account that, in the proper research, a group of 16 subjects was 

established, which was assessed before starting the therapy and after its 

completion, the statistically significant test used in data processing was the 

Wilcoxon test. 

The Wilcoxon test compares two sets of data, the information returned being 

that, whether or not it can be said, a data set has higher or lower values than the 

other with a certain statistical relevance. The “p” parameter of the Wilcoxon test 

provides this relevance and the value p <0.025 considers that there is a high 

statistical relevance if one data set has higher (or lower) values than the other, 

systematically but not randomly. 

To assess the quantitative and qualitative parameters of gait, subjects were 

assessed before the start of treatment and after its completion, using the following 

tests and scales: 

 Dynamic Gait Index; 

 Gait Abnormality Rating Scale modified; 

 Gait cadence; 

 The Lower Extremity Functional Scale. 

Some of the findings of the proper research: 

 The original recovery program took place over three weeks and consisted of 

applying the standard set of exercises (according to Taub’s instructions), 

doubled by the secondary program, composed of 6 exercises with increased 

difficulty and complexity compared to the secondary program applied in the 

preliminary research. It required an intense cognitive process from the 



patients, which led to the development of increasingly complex motor 

programs, and which served to continuously improve the motor skills of the 

affected lower limb and also of gait; 

 International studies support the idea that, in the modern recovery of gait, a 

determining factor is neuroplasticity, which must be stimulated by an 

intensive “training”, and the functional gains obtained within it must be 

transferred - to become a “functional substrate”, and stored in the form of 

automatism – in the direction of performing increasingly complex motor 

tasks; through this way of working (systematic repetition), while allowing 

the subject the right to make a mistake in performing the motor gesture, the 

effect on the brain - based on the stimulation of cognition, memory, 

associations and will - will be to expand the map of the neuromotor cortical 

representation of the affected lower limb, and thus improve its functionality; 

 From the analysis and interpretation of the calculated scores, it was found 

that the subjects recorded a good evolution for all items of the gait disorders 

assessment scale - modified, but especially for items that addressed attack 

with the heel and active coxofemoral flexion, defining parameters for 

acquiring an ergonomic and therefore qualitative gait. Following constraint-

induced movement therapy applied to the unaffected lower limb, the two 

items showed statistically significant differences between the two 

assessments (initial and final), fact demonstrated by the Wilcoxon test (p 

<0.05, applied in the analysis of the values of the angle of attack with the 

heel and p <0.05, applied in the analysis of the values of the coxofemoral 

flexion); the null hypothesis was refuted, which confirmed the research 

hypothesis. These results obtained by the group were all the more important 

as they were obtained in three weeks, results that are not obtained as quickly 

by classical kinetic therapies; 

 Regarding the qualitative parameters, gait rhythmicity and the 

intersegmental coordination, there were results considered statistically 

significant on the Wilcoxon test. Thus, the statistical processing for gait 

rhythmicity returned p <0.05, which confirmed the research hypothesis. 

Also, the statistical processing for intersegmental coordination returned p 

<0.05, which confirmed the research hypothesis. 

 Regarding the Dynamic Gait Index, a scale that assesses the dynamic 

balance, and indirectly the quality of gait, major progress has been recorded 

for all subjects. The effects were obtained against the background of the 

influence of the mechanisms of action of constraint-induced movement 

therapy, but, even more importantly, by limiting the locomotion dodges 

specific to the neurological subjects, which automatically led to the 

formation and maintenance of correct movement stereotypes. 



 

This research was exploited by publishing some reference articles for the 

field of Sports Science and Physical Education. During the doctoral studies, in the 

period 2015-2020, I drafted and presented a number of 6 scientific papers at 

national and international congresses and all were published. 

   


