
ABSTRACT OF THE DOCTORAL THESIS MR. COSMA GELU 

Thesis submitted to: NATIONAL ACADEMY OF PHYSICAL 

EDUCATION AND SPORTS 

Bucharest, Romania, 2022 

Thesis Advisor: Prof. Univ. Dr. Cordun Mariana 

Thesis Title: Contributions concerning the recovery of changes in foot 

posture of school-age children 

 

 

The foot represents the interface between the body and the support surface 

and ensures the support of the body in an orthostatic position. It is involved in the 

control of posture and balance, both because of its ability to mechanically ensure 

body balance and because of the information it transmits to the nervous system 

about the characteristics of this support.  

Through its specific structure, respectively through the plantar arches, the 

foot allows the force produced by the intrinsic and extrinsic muscles to support 

the weight of the body and to generate the propulsive movement, thus 

representing an excellent shock absorption system.  

The biomechanics of postural foot disorders and the muscle imbalances 

they promote allow the identification of predisposing factors that will need to be 

corrected.  

New-borns have flat foot; plantar arches begin to develop in the early years 

of childhood, as the adipose tissue at this level regresses and disappears before 

the age of 3 years. After this age, a foot that remains flat can still be considered 

normal if it does not cause pain or discomfort while walking or running. 

Otherwise, a specialist consultation is required to establish an appropriate 

therapeutic strategy.  

The development of modern motion analysis techniques allows the 

understanding of the role of the foot in controlling posture and balance in healthy 

subjects and helps to clarify its intervention together with other sensors of the 

balance adjustment system.  

This was also one of the objectives of the doctoral thesis. We believe that 

the instrumental assessment process needs to be extended in order to be able to 

validate kinetic therapeutic interventions for the prevention or treatment of 

pathological foot.  

Several arguments based the choice of the topic of the doctoral thesis.  



First of all, in the literature we have not found research that shows the 

advantages of assessment and recovery with modern technologies in school-age 

children with changes in foot posture, which practice a performance sport, namely 

tennis. We appreciated, in this context, that the chosen theme is original, 

interesting and has an immediate applicative character, especially since the 

number of children playing tennis is increasing, motivated by the successes 

achieved by Romanian tennis players and especially by Simona Halep.  

During my career of over 17 years, I have encountered many deficiencies 

caused by sensory disturbances and biomechanics of the foot, which have had a 

negative impact on body posture, and in the case of athletes they have also led to 

decreased performance (repercussions have been reflected on motor skills).  

Given the studies on the association between foot posture and lower limb 

muscle activity, the problem that arises is the association of changes in foot 

biomechanics with changes in body posture.  

According to Magee, 2008, during evolution, the human being perfected a 

vertical bipedal posture. Posture is the relative disposition of the body at any time, 

being achieved by the position of the various joints of the body at that time; the 

position of each joint has an effect on the other joint. Classically, the ideal bipedal 

postural alignment (seen from the side) is defined as the straight line 

(gravitational line) that passes: the length of the ear, the body of the cervical 

vertebrae, the upper shoulder, the median side of the chest, the body of the lumbar 

vertebrae, slightly posterior to the hip joint, slightly anterior to the axis of the 

knee joint and anterior to the lateral ankle.  

The correct posture is considered the position in which there is a minimum 

of stress for each joint of the body.  

The muscular system ensures the movement of the segments and the 

stability of a joint, therefore, I consider that the muscle chains have an important 

role in associating the changes of the posture of the foot with the changes of the 

body posture. 

In the assessment process, the foot and ankle were approached as a 

functional unit. The importance of this functional unit became apparent from the 

moment the man became able to move from an upright position.  

At present, postural problems are important in the concerns of specialists 

regarding both the earliest detection of the causes that contribute to their 

occurrence and the establishment of therapeutic and prophylactic measures that 

can limit both the incidence and possible complications.  



In order to get into the topic, we described only a part of the whole process 

of screening the distal part of the lower limb using static analysis methods. This 

method of assessment may allow the creation of a system for solving the problems 

of foot biomechanics through orthotic therapy associated with the kinetic 

treatment to be applied. For this we obtained information on: the neutral position 

of the subtalar joint; detecting deviations from the neutral position; imitations and 

deformations that cause these deviations from the neutral position.  

The reliability of the measurements was increased by their proper 

repetition, but also by the use of other methods, which provided us with objective 

data.  

In general, based on these data, the therapist can establish a reference, track 

progress, communicate with physicians, and determine the appropriate therapy to 

be applied.  

The second part of the doctoral thesis includes the preliminary research. 

This was a case study. It included a number of four male subjects, from rural 

areas, aged between 10 and 13 years and with seniority between 3 and 5 years of 

sports practice (tennis). From the point of view of diagnosis, all subjects have a 

functional deficiency - reducible flat foot.  

Based on the premise that, regarding the foot, four main criteria are 

described regarding the normality of this anatomical segment, namely: absence 

of pain, normal muscle balance, centrally located heel, rectilinear and mobile 

toes, in the preliminary research we assessed the intensity of pain, foot posture 

and pressure distribution at the level of the support surface.  

Pain intensity was assessed on a visual analogue scale (VAS). For the other 

normality criteria we used: Foot Posture Index (FPI) and Presscam software.  

FPI quantifies a clinical diagnosis that assesses the overall position of the 

foot - pronation position, supination position or neutral position. The different 

characteristics of the foot are quantified in a score. 

FPI resulted from a study of the literature, which centralized the details of 

clinical assessments from over 140 works. From these works, a number of 36 

distinct clinical assessments were identified.  

The evaluator gives a score to a series of clinical observations (evaluators 

are currently experienced practitioners). The cumulative value of the scores 

provides an overall estimate of the foot posture. High cumulative values, positive, 

indicate a posture in pronation, significant cumulative values negative, indicate a 



posture in supination, while for the neutral foot the final cumulative score FPI is 

around zero value.  

The clinical criteria used in FPI were: palpation of the talar head; lateral 

curves of the ankle - upper and lower; frontal position of the heel; prominence in 

the region of the talonavicular joint; congruence of the median longitudinal arc; 

abduction/adduction of the forefoot to the hindfoot.  

Each component of the foot posture index or other observations were 

quantified as follows: 

- 0 for neutral posture;  

- a minimum score of –2 for clear signs of supination;  

- a maximum score of +2 for positive signs of pronation.   

If the criteria set for each of the characteristics are clearly met, the 

corresponding score shall be awarded. The final FPI score will be an integer 

between -12 and +12.  

In most cases, there will be a consistent pattern of scores, and the clinical 

picture will be established immediately in a clear way. 

Presscam V4 is a hybrid of the pressure platform for posturology that is 

equipped with new generation software with new functions and modes of 

presentation, which allow the visualization and analysis of several parameters, of 

which we used: clinical examination; static plantar pressure; plantar pressure in 

dynamics; displacement of pressure centres; foot surfaces; multi-step analysis.  

The preliminary research took place at Kinetic Sport & Medicine Clinic 

(Fig.7.1), between March 2018 and October 2018. The clinic has all the latest 

medical equipment and technology necessary for the successful achievement of 

the proposed objectives for medical recovery of changes in foot posture in 

children who play sports.  

The participants in the research underwent a recovery program with classic 

means (physical exercises) aimed at improving muscle flexibility and range of 

motion in the joints of the foot and ankle, and others aimed to increase the strength 

of the extensor muscles.  

Customized plantar orthoses were associated based on footprints registered 

with the Podiatech Sidas system.  

The investigations carried out allowed us to draw the following conclusions. 

- the intensity of the pain in the studied group shows an average of 6 points on 

the initial test and 2.75 points on the final test, which reflects a moderate intensity. 



The best result was obtained by the SM subject in whom the intensity of the pain 

decreased by 4 points; 

- the foot posture index in the studied group amounted an initial score of 33 points, 

with an average of 8.25, while the final total score records a reduction of 23 

points, and the average was 2.5 points. The decrease in the total average score at 

the final assessment was the consequence of the improvement of the foot posture 

in all participants in the research; 

- when testing with the Presscam software regarding the total support surface, 

there is a decrease in it in three of the four subjects, compared to the results 

obtained in the initial testing. The results are directly correlated with the reduction 

of the foot index score, more precisely with the item aiming at the congruence of 

the median longitudinal arch; 

- data on the distribution of support in the four quadrants (anterior, posterior, left, 

right) for the group, show an upward trend, with the exception of the left posterior 

quadrant, which shows a decrease of about one percent. Data analysis shows a 

redistribution of support, with a tendency to balance its distribution in the back 

of the foot. 

The results of the assessments confirmed the hypothesis of the preliminary 

research. We intended to test the effectiveness of static foot disorder assessment 

tools by calculating the foot posture index and using computerized techniques. 

Both assessment methods were used for the first time in a research.  

Convinced of their effectiveness in conducting recovery programs, through the 

multitude of reliable, rigorous and objective data provided, we set out to expand 

our research to a larger number of participants and to implement modern 

technologies in the recovery process to mitigate/correct static foot disorders. And 

so, we initiated the third part of the doctoral thesis.  

 This decision was based also on the findings from the study of national 

literature. We have not identified any studies in which the approach to medical 

recovery of changes in foot posture in children who practice performance sports 

is achieved through an exercise program performed on the Alter G treadmill 

together with ergotherapy (plantar orthoses).  

In this context, the premises of the research itself were the following:  

- the anti-gravity system of the Alter G treadmill reduces the action of the 

gravitational force on the body, which allows joint mobilizations in maximum 

amplitude, painless and ensures an optimal recovery of joint mobility; 

- customized plantar orthoses can be made based on the acquisition of 

static and dynamic plantar pressures by using the Presscam platform.  

Basically, the novelties of the research itself consist in the use of modern 

technologies, both for the assessment and for the medical recovery of the flat foot.  



The research was conducted at Kinetic Sport & Medicine Clinic, between 

April 2020 and February 2021, on a number of 48 subjects, randomly divided 

equally into two groups: G1 - control group (subject to the classic medical 

recovery program applied in static foot disorders) and G2 - experiment group 

(subject to the ALTER G treadmill recovery program). Both groups also 

benefited from personalized orthotic treatment (footprints were recorded and 

monitored with the Podiatech SIDAS system.  

As in the case of the preliminary research, the groups were set up on the 

basis of inclusion/exclusion criteria, with the consent of the family members 

(informed consent) and the protection of identity data.  

The conclusions drawn at the completion of the actual research are the 

following:   

● Modern, computerized technologies are the ideal way to assess and direct 

sports training and medical recovery. Unfortunately, access to them is limited due 

to the high costs, ignorance or reluctance to novelty of those directly or indirectly 

interested. 

● This research contains certain elements of novelty because it clearly 

proves that these technologies can successfully supplement or replace the classic 

tools/possibilities of medical assessment and recovery in changes in the posture 

of the foot in school-age children who practice tennis, but their use can be 

extended to other biomedical situations for prophylactic or therapeutic purposes. 

● The modern technologies used in the assessment of the participants in the 

research itself were represented by the SIDAS system, provided with a Podiatech 

platform that records footprints and, in the event of pathological changes of the 

support, fix the foot in the correct position, which allowed the making of custom 

orthoses that were applied to the research subjects. Also, the Presscam software 

allowed us to computerized assessment of the static posture of the foot - support 

surface, traction force, support distribution and body weight distribution on the 

lower limbs.  

● For assessment, we also used classical possibilities: visual analogue scale 

(VAS) for measuring pain intensity, respectively goniometry for measuring the 

amplitudes of flexion/extension movements in the ankle joint.  

● The recovery program performed by the G2 experiment group was 

performed on the Alter G walking/running treadmill. The advantage offered was 

the reduction of the body mass of the user in walking/running from 100% to 20%, 

in precise steps, of 1% for a movement with low impact and without pain. In this 

context, the Alter G treadmill is a revolutionary way to recover from injuries and 

increase physical performance. The data is obtained in real time, and live video 

monitoring allows optimal decisions to be made in terms of objective, measurable 

information and increases the motivation of the subject through the visual 

feedback it provides; it also allows the comparison of results in dynamics.  

● The statistical processing of the data on the average score for pain, 

assessed on the visual analogue scale, shows that the difference in averages 



between group G2 (experiment) and G1 (control) is statistically significant in the 

final assessments. In the G2 group, the pain is 0.91 (55.0%) lower. The null 

hypothesis is rejected and the research hypothesis is accepted. 

● Average amplitude of extension and flexion movements in the ankle joint 

at the final assessments registered higher values in the G2 group. Thus, for the 

extension movement, in the G2 group the average was 0.96° (2.0%) higher than 

the average of G1 group, while for the flexion movement, in the group 2 the 

average was 0.92° (5.2%) higher compared to group 1. The independent t test for 

equal dispersions showed statistically significant differences in both the extension 

and the flexion movement, and the effect size index showed a medium to high 

difference in the averages at the final assessments. The null hypothesis is rejected. 

These results prove that the exercise program, performed by the G2 group on the 

Alter G platform, had better effects on the amplitude of the extension/flexion 

movements in the ankle joint, compared to the G1 group which was subjected to 

a classic program. 

● The average support surfaces in both the left anterior quadrant and the left 

posterior quadrant are larger at the final assessments in the G2 group, by 5.41 

cm2 (10.2%) and, respectively by 4.42 cm2 (8.9%), compared to the G1 group. 

These results are also supported by the independent t test for equal dispersions, 

as well as by the effect size index. Also for this indicator, the null hypothesis is 

rejected and the research hypothesis is accepted.  

● The average total left support surface is 9.84 cm2 (9.6%) larger in the G2 

group compared to the G1 group. The independent t test for equal dispersions 

indicates a statistically significant difference in averages, and the effect size index 

(0.83) shows that the difference in averages at the final assessments is high to 

very high. The null hypothesis is rejected. 

● The average support surface in the right anterior quadrant is 4.75 cm2 

(9.2%) larger at the final assessments in the G2 group, compared to the G1 group. 

In contrast, in the right posterior quadrant the support surface was 6.50 cm2 

(15.0%) smaller than the G1 group. The independent t test for equal dispersions 

showed a statistically significant difference in averages. The effect size index 

indicated a medium to high difference in averages at the final assessments, both 

in the right anterior and in the right posterior quadrant. The research hypothesis 

is accepted. 

● The results of the final assessments of G1 and G2 groups, regarding the 

average total right support surface show that at the level of the G2 group is 1.75 

cm2 (1.8%) smaller than the G1 group. The independent t test for equal 

dispersions shows that the difference in averages is statistically insignificant, and 

the effect size index indicates that the difference in averages at the final 

assessments is very small. The null hypothesis is accepted and the research 

hypothesis is rejected. 

● Regarding the results of the traction force in the left anterior quadrant, it 

is observed that the average corresponding to the G2 group is 4.45% (17.8%) 



higher than the G1 group. In contrast, in the left posterior quadrant, the traction 

force is 3.21% (12.5%) lower than the G1 group. However, both average values 

are higher than the distribution of the ideal traction force for each quadrant. The 

independent t test for equal dispersions shows that the difference in averages for 

the traction force in both the left anterior quadrant and the left posterior quadrant 

is statistically significant, and the effect size index shows that the difference in 

averages at the final evaluations is very high. 

The results obtained allow us to conclude that the use of the Alter G treadmill 

in changes in foot posture in the subjects studied is beneficial in rehabilitating 

stability, therefore we can say that the research hypothesis itself is accepted. 

● Regarding the average total left traction force, it is observed that the 

average corresponding to the G2 group is 1.25% (2.5%) higher than the G1 group. 

The independent t test for unequal dispersions shows that the difference in 

averages is statistically significant, and the effect size index (0.61) shows that the 

difference in averages at the final assessments is medium to high. The null 

hypothesis is rejected. 

● The average value of the right anterior traction force, corresponding to the 

G2 group, is 2.25% (9.2%) higher than the G1 group, while the average right 

posterior traction force of the experiment group is 1.92% (7.2%) lower than the 

control group. The independent t test for equal dispersions shows that the 

difference in averages is statistically significant in both cases. The effect size 

index (0.77 and 0.61, respectively) shows that the difference in averages at the 

final assessments is medium to high. The null hypothesis is rejected and the 

research hypothesis is accepted.  

● For the average total right traction force, the results show that the average 

corresponding to the G2 group is 0.33 % (0.7%) higher than the G1 group. The 

independent t test for unequal dispersions shows that the difference in averages 

is statistically insignificant, and the effect size index (0.12) indicates a very small 

difference in averages at the final assessments. The null hypothesis is accepted. 

● The distribution of support registered in the G2 group a higher average by 

2.59% (5.2%) in the left anterior quadrant and by 4.21% (6.9%) in the left 

posterior quadrant compared to the G1 group. The independent t test for equal 

dispersions shows that the difference in averages is statistically significant in both 

quadrants, and the effect size index (0.60 and 0.59, respectively) shows that the 

difference in averages is statistically high at the final assessments. The null 

hypothesis is rejected. 

● The results of the distribution of support registered in the G2 group a 

higher average by 3.62 % (7.2%) in the right anterior quadrant and by 4.00 % 

(6.6%) in the right posterior quadrant compared to the G1 group. The 

independent t test for equal dispersions shows that the difference in averages is 

statistically significant in both situations. The effect size index (0.65 and 0.58, 

respectively) indicates a medium to high difference in the averages at the final 

assessments. The research hypothesis is accepted. 



● Body weight distribution results show that the average of the G2 group is 

higher by 3.00 kg (14.5%) on the left and by 2.79 kg on the right, compared to 

the G1 group. The independent t test for unequal dispersions shows that the 

difference in averages is statistically significant, and the effect size index (0.59 in 

both cases) shows that the difference in averages at the final assessments is 

medium to high. The null hypothesis is rejected; the research hypothesis is 

accepted. 

● Even if in the case of the average total right support surface and the 

average total right traction force, the null hypothesis was accepted, we emphasize 

that in both cases there were increases in the experiment group. Although small 

and statistically insignificant, for the physiotherapist the results are a proof of the 

effectiveness of the applied therapy. 

In this context, we can conclude that the dynamic results of the complex 

assessments to which the participants were subjected to this scientific approach 

confirm the research hypothesis. It follows that the application of a medical 

recovery protocol consisting of an exercises program, performed on the Alter G 

treadmill, associated with plantar supports, is able to lead to improved mobility, 

foot stability and reduced discomfort created by the presence of pain in children 

of school age, who practice performance sports.  

As elements of originality, we appreciate that it is the first research carried 

out in children who practice a sport, namely tennis, and in which the recovery 

possibilities offered by the platform are capitalized, leaving open opportunities 

for use in other musculoskeletal deficiencies or in other pathologies.  

We believe that this topic is a pioneering initiative as Alter G equipment 

offers the ability to reduce the action of gravitational force on the body, which 

reduces body mass and impact on tendons, joints and muscles, eliminates pain, 

improves movement control and reduces the energy cost of walking, running and 

jumping.  

Other elements of originality are the possibilities/tools for assessing static foot 

disorders. Thus, we used for the first time in a scientific research performed at 

national level - the score of the foot posture index and the Presscam platform, and 

the plantar orthoses applied in combination with the recovery program were 

customized based on an accurate assessment, performed with Podiatech SIDAS 

system. 


