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

research on ankle sprain in handball players”, includes theoretical 

information on research regarding ankle sprain, chronic joint instability and 

motor control. 

  Ankle sprain is considered to be “the most common injury encountered in 

handball, with a percentage between 9 and 50% of all injuries.” In the literature, 

ankle sprain is classified into: inversion sprain, eversion sprain and syndesmotic 

sprain. Inversion sprain leads to damage to the antero-external ligament 

complex, which, in time, causes chronic joint instability. 

Chronic joint instability is one of the most common residual symptoms of 

ankle sprain. It occurs in 30% of subjects who have suffered an ankle sprain1 

and is characterized by repeated episodes of lateral instability of the joint2. 

Motor control is considered to be the process by which the central nervous 

system (CNS) regulates and coordinates muscle activity in order to acquire, 

learn and improve motor acts3. 

Several theories of motor control are presented in the literature, but in this 

thesis we have taken into account the theory of motor control by feedback (or 

the theory of motor control by closed loop). It covers all motor activities that 

require feedback while performing
4
. 

                                                           
1 Sarcon, A. K., Heyrani, N., Giza, E., & Kreulen, C. (2019). Lateral Ankle Sprain and Chronic Ankle 

Instability. Foot & Ankle Orthopaedics, 4(2), 247301141984693. doi: 10.1177/2473011419846938; 

2 Hiller, C., Kilbreath, S. & Refshauge, K. (2011). Chronic ankle instability: evolution of the model. Journal of 

athletic training. 46(2): 133–141, DOI: 10.4085/1062-6050-46.2.133; 

3 Abernethy, B., Hanrahan, S., Kippers, V., Mackinnon, L., & Pandy, M. (1996). The Biophysical Foundations 

of Human Movment 2nd ed. London: Macmillan Education, p. 197; 
4
 Edwards, W. (2011). Motor Learning and Control from theory to practice. Andover: Cengage Learning, p. 131. 
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The anatomical substrate of motor control is represented by: neuro-

muscular spindles and Golgi tendon organs. In the case of an ankle sprain, these 

receptors are elongated and their ability to respond to stretching stimuli is 

greatly diminished. 

The anatomical integrity of the sensory fibers plays an important role in 

the control of postural and voluntary movements, because subjects with 

somesthetic deficits have difficulty in generating motor feedback, and the CNS’s 

deprivation of sensitive information leads to movement inaccuracy. 

Motor control errors occur when an athlete is injured, yet this situation 

cannot be considered pathological, but adaptive, because the movement strategy 

changes in order to prevent pain and to allow the motor act. Motor control errors 

create adaptive, temporary movement patterns, which can become permanent if 

used for a long period of time, thus facilitating chronicity and the possibility of a 

new sprain. 

For the past 20 years, the treatment of musculoskeletal disorders has been 

based on the quantitative, structural and biomechanical aspects of movement. 

Nowadays, due to the increase in mechanical stress during exertion, the recovery 

of parameters, such as joint amplitude or muscle strength, are no longer 

sufficient. The limitations encountered in the recovery programmes, especially 

at the level of performance athletes, made the specialists in the field focus on the 

functional part of the movement. 

Proprioceptive training restores the ways of transmitting sensitive 

information between the mechanoreceptors and the central nervous system. At 

the same time, it stimulates secondary sensory pathways, which play an 

important role in compensating for proprioceptive deficits arising from injuries. 

The second part of the research, entitled “Preliminary research on the 

contribution of proprioceptive exercises to restoring the agonist-antagonist 

muscle balance” aimed to demonstrate that the use of proprioceptive exercises 

leads to restoring the agonist-antagonist muscle balance, improving motor 

control and to decreasing chronic joint instability. 

The research objectives were as follows: development of an evaluation 

protocol to highlight the existence of the agonist-antagonist muscle imbalances 

and motor control deficit, development and implementation of a proprioceptive 

exercise programme, which aims to restore the agonist-antagonist muscle 

balance and improve motor control (muscle coactivation index, unipedal 

balance, strength and jump height from the ground) 

 In conducting the research, we considered that it was necessary to fulfill 

the following research tasks:  

 establishing the group of subjects included in the experiment; 

 analysis and selection of the best methods for testing and evaluating the 

subjects; 

 establishing the research hypotheses and how they will be verified; 
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 selection of the most effective proprioceptive exercises, which can lead to 

the fulfillment of the proposed goal; 

 elaboration of proprioceptive exercise programmes, adapted and modified 

according to the level of training of athletes; 

 permanent recording of the obtained results in order to follow as closely 

as possible the evolution of the subjects, but also to adjust the intervention 

programme according to the athletes’ progress; 

 initial and final evaluation of athletes; 

 drafting the report and drawing conclusions on the applied proprioceptive 

exercise programme; 

 supporting the report. 

 The research hypotheses were as follows: 

 the evaluation of the dynamics of the muscle balance and muscle 

coactivation index highlights the existence of the agonist-antagonist 

muscle imbalance at the ankle joint, in junior II handball players, who 

suffered at least one ankle injury; 

 performing an applied intervention by using proprioceptive exercises can 

lead to the improvement of the agonist-antagonist muscle balance, of the 

height and the force of the jump from the ground and to the improvement 

of the motor control, in the junior handball players II, who suffered at 

least one injury at ankle. 

The research methods used were the following: bibliographic study; 

pedagogical observation, experiment, evaluation methods and tests, statistical-

mathematical method, graphic method. 

 The research took place in the city of Bacău and had a number of 10 

athletes, namely handball players. They were evaluated by the following tests 

and instruments: the unipedal stance test, the Biopac Mp36 electromyography 

(with which we calculated the values of the coactivate index) and the Myotest 

Pro accelerometer (with which we determined the height and force required to 

jump from the ground). 

The applied intervention lasted 12 weeks and consisted of: static balance 

exercises performed on stable and unstable support surfaces, dynamic balance 

exercises performed on stable and unstable support surfaces, with eyes closed 

and eyes open. 

The results obtained indicate the positive effect of the applied 

proprioceptive exercise programme. Subjects experienced improvements in all 

assessed parameters, such as: muscle coactivation index, unipedal balance, 

height and force of jump from the ground. 

Part III of the research, entitled “Experimental research on the 

contribution of proprioceptive exercises to restoring the agonist-antagonist 

muscle balance and optimisation of motor control on ankle sprain in 

handball players”, had the purpose to highlight the importance of using 
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proprioceptive exercises in restoring the agonist-antagonist muscle balance, in 

improving static and dynamic balance, and motor control, in handball players 

with chronic joint instability of the ankle joint. 

The research objectives were the following: performing an objective 

assessment to highlight the existence of balance disorders, agonist-antagonist 

muscle imbalances and motor control deficit in athletes with chronic joint 

instability of the ankle joint; elaboration and implementation of a proprioceptive 

exercise programme, through which to obtain the restoration of agonist-

antagonist muscle balance and optimization of motor control (improvement of 

muscle coactivation index, unipedal balance and jump from the ground), in 

handball athletes. 

The research tasks were as follows: 

 carrying out the documentation to ensure the theoretical and scientific 

substantiation of the topic; 

 establishing the premises and the purpose of the research; 

 selection of the groups of subjects included in the experiment; 

 analysis and establishment of the most objective evaluation methods; 

 establishing the research hypotheses and the ways in which they can be 

verified; 

 establishing and carrying out the initial evaluation; 

 selection of the most effective proprioceptive exercises, which can lead to 

the achievement of the proposed goal; 

 elaboration of proprioceptive exercise programmes, adapted and modified 

according to the level of training of athletes; 

 application of proprioceptive exercise programmes for a period of 15 

weeks; 

 permanent recording of the obtained results, in order to track the progress 

of the subjects, but also to adapt the intervention programme, according to 

the evolution of the athletes; 

 establishing and carrying out the final evaluation of the athletes, in order 

to record the evolution of the research results; 

 organization, processing, analysis and drafting of the report; 

 drawing conclusions on the evaluation methods and the applied 

proprioceptive exercise programme; 

 supporting the report. 

The hypotheses of the experimental research were the following: 

 the implementation of an applied intervention using proprioceptive 

exercises leads to the improvement of the muscle coactivation index and 

to the improvement of the level of jump height from the ground; 

 performing an applied intervention using proprioceptive exercises leads to 

the decrease of the degree of instability of the ankle joint, to the 

improvement of the static and dynamic balance and of the motor control; 
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 the differentiated implementation of a proprioceptive exercise programme 

for a period of 15 weeks, in two different groups (control and 

experiment), will produce a different progress from individual to 

individual and from group to group, for the motor assessment tests; 

 the application of a proprioceptive exercise programme for a period of 15 

weeks, to two groups (control and experiment), leads to the prevention of 

recurrences or ankle sprains. 

The research methods used were as follows: theoretical documentation, 

pedagogical observation, experiment, testing and evaluation tests, survey, 

method of recording and statistical-mathematical processing of data, graphic 

method. 

The research took place in the city of Bacău and had a number of 22 

subjects. They were divided into two groups: control and experiment, according 

to the following criteria: the degree of joint instability and the number of ankle 

sprains. 

The measurements and evaluation tests used were as follows: 

anthropometric measurements (height, weight and body mass index), the 

“Identification of Functional Ankle Instability” questionnaire (to determine the 

degree of joint instability), the Biopac Mp36 electromyograph (through which 

we calculated the coactivation index values), the Myotest Pro accelerometer 

(through which we determined the height, force, power and speed necessary to 

jump from the ground), the Iso-Shift stabilometric platform (for the assessment 

of the static and dynamic balance). 

The applied intervention lasted 15 weeks and was customized for each 

work group (control or experimental). After an initial assessment, we intervened 

with a training programme which consisted of: static and dynamic exercises, uni 

and bipedal, on a stable and unstable surface, with eyes closed and open. 

Following the application and the final assessment, all athletes obtained 

statistically significant improvements in the assessed functional parameters, 

such as: muscle coactivation index values, degree of joint instability, number of 

ankle sprains, motor skills or samples of balance. These results confirm the four 

hypotheses established at the beginning of the research. 

In conclusion, we consider that the application of a proprioceptive 

exercise programme produces an improvement in the functional abilities of 

athletes (static and dynamic balance, strength, power, etc.), which causes major 

changes in the quality of movement generated by the motor control system. This 

qualitative leap occurred due to improvements in peripheral sensory feedback 

and significantly contributed to the decrease in the number of ankle sprains. 

 The originality of this thesis was the application of its own 

methodology for measuring and evaluating the subjects. The proposed applied 

intervention was our own conception, which emerged after the analysis of a 

significant number of different research which applied proprioceptive exercises 

for therapeutic or prophylactic purposes. The groups of subjects we worked with 



6 
 

are among the best handball athletes in the country. For the past three years, the 

research subjects have been national champions in their age group. In addition, 

some of the research subjects are members of the National Olympic Center for 

Junior Training. 

 The practical value of the research was the participation in a number of 

six scientific conferences, which resulted in the publication of a number of 5 

articles in specialized journals. 

 

 

 

 


