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INTRODUCTION

The pathology of the lower limbs is diverse and with multiple etiologies, being the most
frequent cause of pain, incapacity, disability and invalidity, which in the long term have a strong
impact on the quality of life. In this context, the increased number of the geriatric population
with the baggage of adjacent chronic diseases, as well as the post-COVID-19 effects
contribute to increasing the pressure on the social and health system.

Thus, the field of lower limb recovery plays an essential role in order to restore the
functional role of the individual, combat the effects of the deconditioning syndrome, social and
professional reintegration of patients and improve their quality of life. Early mobilization is
currently considered an important aspect of patient care by healthcare professionals, but there
is no pre-established routine embodied in a well-established medical rehabilitation protocol.

A treatment plan considers a comprehensive analysis of the patient in order to
maximize the results of the applied rehabilitation program.

The rehabilitation of musculoskeletal disorders of the lower limbs takes into account a
series of specific principles that must be approached interdependently in order to obtain a
favorable response to the treatment.

The paper proposes the analysis of the entire kinetic chain related to the injured joint,
biomechanical deficiencies and muscular imbalances that make it difficult to maintain a correct
static or dynamic posture in order to apply the functional therapeutic exercises.

The appropriate dosage of therapeutic exercises according to the risk associated with
each patient, the basic and associated pathologies, simultaneously with the monitoring of vital
functions allows the development of individualized rehabilitation programs according to the
individual tolerance.

The advantages of using an improved kinetotherapeutic system involving static
horizontal pedaling are multiple. It involves the safety of using the device, facilitates discharge,
normalizes cardiac and pulmonary parameters, ensures the maintenance of the viability of
myoarthrokinetic structures, shortens recovery time, motivates for independent mobilization,
improves cognitive functions and survival rates, prevents disability and sarcopenic state, as
well as increases quality of life.

The main objective of physical therapy is the recovery of gait, an objective with multiple
valences involving the integrity of the triple flexion/extension chain.

The medical rehabilitation process can be made more efficient by using the horizontal

static pedal system, the efficiency indicators used being the statistical interpretations related
to the increase in the amplitude of joint movement, the recovery of muscle strength, the
reduction of pain, the control of the heart rate, of effort and the reduction of the chronotropic
deficit. The individual perception of the quality of life of each patient is a defining element for a
successful rehabilitation.
The analysis of the evaluation criteria of the RAND SF-36 V1 quality of life questionnaire was
carried out sequentially from the constructive, technical-economic point of view, of the results
obtained and its adequacy or appropriateness - the target criterion, which demonstrates
whether the content of the questionnaire corresponds to the main purpose of the study,
respectively the facilitation of ambulation.

The multiple regression analysis was apllied to compare the efficiency of the
rehabilitation programs used, taking into account as independent variables the results obtained
according to the battery of tests applied for the evaluation of motor rehabilitation and as
dependent variable the results of the stability test.

The constructed horizontal pedaling system proved its statistical efficiency following
the correlation of motor rehabilitation results with those of the quality of life questionnaire, a
correlation that did not prove statistically significant in the case of the standard physical therapy
program, static horizontal pedaling involving methods of synthesis, global activation and
synergistic with superior results.

1 of 104
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PART | THEORETICAL FOUNDATION OF THE THESIS

CHAPTER 1. INTRODUCTION TO THE SUBJECT OF
REHABILITATION MEANS IN THE CURRENT CONTEXT

1.1. The current context of rehabilitation determined by the trend of pathologies
and the aging of the population

The increase in the prevalence of degenerative diseases, lifestyle changes and cases
of trauma has led to an increase in the number of patients requiring rehabilitation. In addition,
the increased number of the geriatric population suffering from chronic diseases contributes
significantly to the increase in the need for medical recovery. The emergence of COVID-19 is
an unprecedented public health problem that has led to an increased number of
hospitalizations. According to the World Health Organization (WHO), a large part of the
population will require rehabilitation interventions during and after hospitalization. Patients
suffering from COVID-19 are at increased risk of long-term impairment and disability and will
require rehabilitation at all stages of the disease (Intelligence, 2021; World Health
Organization, 2021).

In Romania, the total number of patients cured of COVID-19 amounted to 3.26 million
people at the end of February 2023, representing 97.60% of the total number of infected
patients since the beginning of the pandemic. (Tabel 1.1)

Tabel 1.1 Total infected/cured of COVID-19 worldwide and in Romania, processing after
(worldometers.info, 2023)

Total infected COVID-19 28.02.2023 | Cured (no.) | Cured (%)
Total persons 679,863,569 | 652,708,194 | 96.01%
of which in Romania 3,340,342 3,260,101 97.60%

According to the studies carried out by the WHO, there are residual symptoms even
after 6 months of post-Covid-19 healing, which are more serious in non-hospitalized patients,
influencing their quality of life and thus affecting their mobility, good performance of daily
activities, leading to impossibility of service resumption.(Tabel 1.2)

Tabel 1.2 Post-Covid 19 residual symptoms (after 6 months), processing after (World Health
Organization, 2021,p. 2)

Hospitalized Non-hospitalized

Post-Covid 19 residual symptoms (after 6 months) patients patients
Anxiety, depression (average) 37% not evaluated
Pain 22% not evaluated
Reduced exercise tolerance (average) 27% not evaluated
Functional limitations 50% not evaluated
Decreased quality of life 53%* 83%
Affecting the mobility and the performance of daily

activities 33% 66%
Failure to resume service 29% 17%
Dependent on care neevaluat 31%

*patients over 60 years of age

Physical therapy for patients with COVID-19 not only reduces mortality, recovery time,
and medical expenses, but also saves medical resources, reduces personal and national
economic losses, and the likelihood of social instability adverse events such as medical
collapse (Zhu et al., 2020).

According to the report on population aging, globally in 2019 there were approximately
703 million people aged over 65, a number that will reach 1.5 billion in 2050. Globally, the
share of the population aged over 65 has increased from 6% in 1990 to 9% in 2019 and 10%
in 2022. This proportion is expected to increase further to 16% in 2050, when one in six people
worldwide over 65 years is expected to require an assistive device for gait support (Intelligence,
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2021; Mordor Intelligence LLP, 2021; United Nations Department of Economic and Social
Affairs, 2019). — Figure 1.1.

The trend of rehabilitation of the geriatric
population

1 1990

20.00 1

2022
15.00 @ 2050
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population over of which % the
65 years (%) need for
for assistive
rehabilitation devices

Figure 1.1 The trend of rehabilitation of the geriatric population, processing after (Intelligence,
2021; Mordor Intelligence LLP, 2021; United Nations Department of Economic and Social Affairs,
2019)

The deconditioning syndrome of the elderly involves the direct effects of age
including a series of neuromotor maladaptations (Tudor Sbenghe, 2002, p. 7, 394-402) defined
by the terms sarcopenia and dynapenia according to the latest studies (Arakawa et al., 2018;
A. Foster, 2019; Seene & Kaasik, 2012; Wroblewski et al., 2011).

The rate of muscle loss varies from 1% to 2% per year after the age of 50, resulting in
25% of people under the age of 70 and 40% of those over the age of 80 being sarcopenic
(Seene & Kaasik, 2012).

Sarcopenia has been considered to be a minor modifiable risk factor for health
outcomes and plays a significant role in the etiology of disability. Sarcopenia is understood as
an age-related loss of muscle mass, muscle strength and physical function (Seene & Kaasik,
2012). The term sarcopenia was defined as the age-related loss of muscle mass and the term
dynapenia as the age-related loss of muscle strength..

Maladaptations (Tabel 1.3) include strength decline, muscle fatigue, reflex responses
and rapid motor reactions altered by delayed reaction times, disruption of postural mechanics,
and the inability to maintain submaximal force control (Enoka, 2008, p. 394-403; Tudor
Sbenghe, 2002, p. 606-609).

Tabel 1.3 Age-related maladaptations, after (Enoka, 2008, p. 394-403; Tudor Sbenghe, 2002, p.
606-609)
Age-related maladaptations Details
Muscle strength The decline starts from the age of 60 simultaneously with the decrease in
muscle mass. Regaining muscle strength is possible following an
appropriate medical rehabilitation program, type Il muscle fibers can
experience muscle hypertrophy with appropriate rehabilitation.
Muscle fatigue Itis not pathognomonic for the 3rd age, the incidence being however higher
in men, women being less affected by muscle fatigue.
The responses of osteotendinous | With age, neuromotor deconditioning occurs due to the decrease in muscle
reflexes and the ability of rapid | fiber excitability. In the elderly, the patellar tendon reflex has an increased
motor reaction latency and a low amplitude, with longer reaction times.
Maintaining the posture Posture is difficult for the elderly to maintain due to abnormal selection of
sensory information, poor detection of body imbalance and correct posture,
delay in quick reaction responses, insufficient perception related to
stability, decreased muscle strength and poor coordination of synergistic

muscles.
The ability to control submaximal | Force control decreases with age and is manifested by the impossibility of
force performing activities that involve a constant force.
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1.2. Therapeutic devices used in rehabilitation

According to Global Market Insights, the rehabilitation equipment market size exceeded
USD 18.6 billion in 2019 and is poised to grow at over 7.8% CAGR (Compound annual growth
rate) between 2020 and 2026 (31.2 billion USD). The annual compound growth rate is a
dynamic commensuration indicator. Increasing interest in research and development to
develop innovative products anticipates the growing need for efficient and accurate
rehabilitation equipment. Favorable health sector reforms and reimbursement policies in
developed countries are major factors that have led to demand expansion (Rupali Swain,
2020).

The main physical therapy devices target, in descending order, musculoskeletal
(70.43%), neurological (15.05%) and cardiopulmonary (14.52%) rehabilitation equipment
according to the report on rehabilitation equipment prepared by Global Market Insights 2019
(Figure 1.2).

Rehabilitation equipments (%)

14.52%

Musculoskeletal rehabilitation

15.05% > RN
Neurological rehabilitation

Cardio-pulmonary rehabilitation
70.43%

Figure 1.2 Musculoskeletal, neurological and cardiopulmonary rehabilitation equipment,
adaptation after (Rupali Swain, 2020)

Musculoskeletal conditions are prevalent and their impact is ubiquitous, being the
most common causes of pain and severe long-term physical disability. According to data from
the World Health Organization (WHO), 1.71 billion (21%) worldwide are currently living with a
painful musculoskeletal condition, their prevalence increasing with age, as well as the
associated socio-economic costs (Cieza et al., 2020; Rupali Swain, 2020; World Health
Organization, 2022). Access to rehabilitation services is essential, especially as one person
in three in the world requires rehabilitation during the course of at least one disease (Institute
for Health Metrics and Evaluation, 2020; Rupali Swain, 2020) and musculoskeletal disorders
can increase the risk of developing chronic diseases: cardiovascular, obesity, diabetes,
neoplasia, chronic lung diseases (Rupali Swain, 2020; Williams et al., 2018; World Health
Organization, 2022). Low back pain is the most representative and has multiple implications
for the quality of life (Hartvigsen et al., 2018; World Health Organization, 2022).

The neurological rehabilitation equipment market is anticipated to expand at a
CAGR of 14.2% by 2026 driven by the increasing incidence of neurological disorders, robotic
rehabilitation, and increasing geriatric population suffering from neurocognitive disorders.
Patients suffering from neurological disorders such as stroke, cerebral palsy, multiple sclerosis
and brain surgery frequently require neurorehabilitation. The advent of the latest technologies
has led to the development of advanced medical equipment such as anti-gravity treadmills and
robotics to assist patients with ambulation recovery. Robotic anti-gravity treadmills allow
patients with neurological conditions to regain or improve their ability to move or walk, while
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reducing pain and pressure on the osteo-articular system. Advances in robotics and software
help therapy professionals provide more accurate diagnoses and enhance their clinical skills
(Rupali Swain, 2020).
The cardiopulmonary rehabilitation equipment segment was valued at more than
USD 2.5 billion in 2019 due to the growing need for rehabilitation therapy among people
suffering from cardiopulmonary disorders. Exercise capacity is limited in patients diagnosed
with chronic obstructive pulmonary disease and congestive heart failure. Patients suffering
from cardiovascular disorders and hypertension require continuous monitoring (Rupali Swain,
2020).
Therapeutic means are the way to act to achieve a certain goal. They can be seen as
a method, a manner, a way to achieve an objective.
The means of therapy are classified into the following three categories, the
classification being strictly medical:
- specific means: physical exercise, posture, ergotherapy and massage;
- non-specific means: natural physical agents, artificial physical agents, psychic means,
immobilization, diet;
- complex means: hydrothermokinetotherapy.
The specific kinetotherapeutic means are classified into 4 large categories according to the
analysis report carried out by GrandViewRecearch in (Grand View Rresearch, 2018):
a) mobility equipments;
b) daily living aids;
¢) body support devices;
d) exercise equipments. (Tabel 1.4)
To these is added rehabilitation robotics, which has benefited from a special interest recently.

Tabel 1.4 Main groups of rehabilitation equipment, adaptation after (Grand View Rresearch, 2018;
Intelligence, 2021)

1. Mobility equipments 2. Daily living aids 3. Body support 4. Exercise equipments
devices

1.1 Manual / electric | 2.1 Medical beds 3.1 Lifts for patients 4.1 Equipment for the lower limbs

wheelchairs /scooters 2.2 Assistive devices for toilet | 3.2 Straps 4.2 Equipment for the upper limbs

1.2 Walking assistance devices: and bathroom 3.3 Other body support | 4.3 Full body equipment

canes, crutches and support | 2.3 Aids in reading, writing devices (support straps, 4.4 Therapy equipment

frames and using computers side transfer plates, sliding Exercise equipment used in

2.4 Other daily necessities | sheets, orthopedic aids and
(feeding aids, positioning accessories)

products, care and dressing
aids and furniture
accessories)

rehabilitation consists of arm, chest
and leg exercisers, different types of
bicycles, complex exercise chairs,
manual exercise kit, simple/compact
shoulder wheels, manual exercise
tables.

They are preferred by the target
population due to their low
price and simplicity

It targets the physically disabled, patients with physical
limitations and patients undergoing post-operative
rehabilitation

It targets the general population

The rehabilitation equipment market is segmented into i) strength, endurance and

pain reduction; ii) physical rehabilitation and training; iii) rehabilitation and vocational training.
The physical rehabilitation and training segment is anticipated to witness growth due to the
high incidence of sports injuries, degenerative joint disorders and cerebrovascular diseases
(Intelligence, 2021).

The fields of application of kinetotherapeutic devices (Figure 1.3) include two
segments: physiotherapy - 22.5%, which contains equipment for physical exercises used in
the rehabilitation of patients after trauma or the onset of degenerative diseases, and
occupational therapy - 77.5%, which has a holistic approach (Grand View Rresearch, 2018).

Exercise equipment offers patients the possibility of social and professional
reintegration, resuming personal activities, improving motivation and relieving health systems
of a series of additional expenses.
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Fields of application of recuperative devices%

m Occupational Therapy

= Physiotherapy

Figure 1.3 Fields of application of recuperative devices, adaptation according to (Grand View
Research, 2018)

Changing the predominantly sedentary lifestyle, the growing geriatric population,
technological advances (exoskeletons, virtual reality, robots) and pain management through
implantable technologies are determining factors for performing physiotherapy.

Physical therapy uses a variety of techniques to restore, maintain, and improve a
person's physical strength and mobility after trauma, surgery, and chronic illness.

Occupational therapy facilitates the patient's daily activities based on a comprehensive
assessment of the patient, his family and the environment.
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CHAPTER 2. THE REFLECTION OF THE THEME IN SPECIALTY
LITERATURE AND THE MOTIVATION OF ITS CHOICE

2.2 General considerations regarding exercise bicycles (stationary)

Static or exercise bikes are used for training (to increase resistance), body maintenance
(weight loss) and rehabilitation procedures after various injuries of different apparatuses and
systems, the difference being the time of application of the program, intensity (resistance),
rhythm , number of revolutions per minute and the monitoring parameters used.

The stationary bicycle is indicated in physical therapy due to the fact that it does not require
the cardiovascular system, being a device with low impact, safe and effective. Joint stress is
maintained at a level considered moderate with the help of exercise bikes, thus facilitating
tissue regeneration processes through low-impact movement. Exercise tests are useful for
diagnosis, stationary bikes can be used as ergometers to measure pedaling power against a
predetermined mechanical resistance level (Vandewalle & Driss, 2015).

Modern ergometers and exercise bikes are equipped with sensors and electronic displays.
For example, the cycle ergometer with vibration isolation and stabilization system is used by
NASA in space to counteract cardiovascular deconditioning in the microgravity environment
(Hackney et al., 2015).

Stationary mini-bikes promote fat burning, improve glycemic levels, joint mobility,
contributing to a general toning of the body due to the improvement of general circulation
(Stepper-guide.com, 2020). Stationary mini-bikes are often used for the recovery of
neuromotor deficits determined by different etiologies (garagegymplanner.com, 2020).

The stationary exercise bikes most often used are the upright ones, but there is the problem
of an important category of patients who have not preserved or developed the consolidated
balance reaction while sitting in order to initiate the rehabilitation protocol from the orthostatic
position.

2.3 Studies attesting the reliability of using the horizontal bicycles in
rehabilitation

A number of medical studies listed below (Shibata et al., 2010) have demonstrated the
reliability of the horizontal bike in musculoskeletal and cardiovascular recovery in patients
hospitalized in intensive care, who were simultaneously receiving supportive treatment for the
underlying conditions, in order to counteract the consequences of the immobilization
syndrome:

- daily supine pedaling for 2-8 weeks in 21 patients improved heart pumping function and
prevented orthostatic hypotension due to prolonged recumbency (Shibata et al., 2010);

- performing exercise concurrently with volume repletion had the same favorable effect,
concluding that hypovolemia and cardiac damage are independently responsible for orthostatic
intolerance after bed rest (Shibata et al., 2010);

- the study was carried out on the basis of a NASA grant, the results can also be used for motor
rehabilitation after space missions where the lack of gravity influences body fluid dynamics and
neuro-musculo-skeletal activity (Shibata et al., 2010);

- another randomized controlled trial added to the standard protocol of 68 critically
mechanically ventilated patients, sessions of horizontal pedaling that led to the preservation of
musculoskeletal architecture, shorter hospitalization and independent mobilization, improved
cognitive functions and survival rates (Nickels et al., 2017);

- the feasibility and safety of the horizontal pedaling technique was demonstrated for 181
patients admitted to intensive care (Kho et al., 2015) and for 33 hemodynamically stable
patients during the first 4 days of mechanical ventilation (Kho et al., 2016);

- supine pedaling exercise in bed applied to 11 intensive care patients led to their early
mobilization, participation that motivated patients to be active in their recuperative act to regain
their health after the critical period of hospitalization (Ringdal et al., 2018);

- early mobilization by pedaling has been shown to be a safe technique and has been
associated with early weaning from mechanical ventilation (Ringdal et al., 2018);
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- it was concluded that the prevention and reduction of muscle weakness can persist up to one
year after discharge and of physical deficit even up to 5 years in the case of chronic diseases
(Ringdal et al., 2018).

According to the studies presented, the advantages of using an improved
kinetotherapeutic system involving horizontal pedaling can be identified:

- the safety of using the device;

- normalization of cardiac parameters;

- maintaining the viability of myo-arthro-kinetic structures;
- shortening the hospitalization time;

- motivation for independent mobilization;

- improvement of cognitive functions and survival rates;

- prevention and reduction of neuromotor deficit.

Although early mobilization is considered an important aspect of patient care by health
professionals, there is no predetermined routine materialized over time in terms of intensity
and number of sessions. Pedaling did not induce changes or adverse events following
monitoring for feasibility and safety.

Pedaling exercise equipment involves the safety of using the device providing patients
with independence, psychological, emotional and physical benefits due to the clinical substrate
of their testing.

2.4. Conditions that involve pedaling recovery of the lower limbs

Pedaling is recommended as an adjunct in preparing the body for the program itself
(warm-up) or it can be included in rehabilitation programs for general mobility, muscle
resistance, reduction of edema (Dunleavy & Slowik, 2019, p. 221-222,294), causing a
tolerance of movement to the limit of pain (Dunleavy & Slowik, 2019, p. 276), favored by load
discharge especially on horizontal bikes. Pedaling with low resistance in order to adapt the
body to active effort gradually contributes to the increase of tissue temperature, favoring the
extensibility of collagen and implicitly flexibility and joint amplitude (O’Sullivan et al., 2019, p.
384).

The pedaling warm-up component gradually increases the heart rate, ensuring the
homeostasis of the cardio-respiratory system by inducing aerobic exercise, being a solution
for patients with severe lung diseases (O’Sullivan et al., 2019, p. 451, 511). Gradual exercise
therapy involving pedaling is used in patients experiencing deconditioning fatigue syndrome in
patients with low exercise tolerance, with target heart rate monitoring (Elizabeth Bryan, 2018,
p. 11).

A number of spinal disorders benefit from the recommendation for the use of the bicycle
in the recovery protocol such as lumbar spondylolisthesis by promoting spinal flexion
(Elizabeth Bryan, 2018, p. 155; physio-pedia.com, 2022), spinal stenosis by progressive
pedaling (Elizabeth Bryan, 2018, p.158), scoliosis, through the general conditioning of the
cardiovascular function (Elizabeth Bryan, 2018, p. 160).

Post-operatively, pedaling without resistance is indicated for the recovery of injuries
(detachment of the origin) of hamstrings, total knee arthroplasty after remission of the painful
phenomenon (Elizabeth Bryan, 2018, p.448, 466) and reducing the effects of stiffness after
acetabular labrum arthroplasty and capsular reconstruction (Carolyn Kisner, Lynn Allen Colby,
2018, p. 723). To restore the anterior and posterior pinched ligament, it is recommended to
pedal with the knee flexed at 90-100 degrees, the contralateral healthy leg facilitating the
rhythmic cyclic movement of the affected one (Elizabeth Bryan, 2018, p. 455, 462).

To improve cardio-pulmonary endurance, pedaling using a stationary bike is performed
with full knee extension, low resistance and progression to tolerance in order to maintain low
impact on the body (Carolyn Kisner, Lynn Allen Colby, 2018, p. 779).

For the rehabilitation of specific conditions of the lower limbs regarding the pathologies
of the coxo-femoral joint and the knee (including capsulitis, tendinitis, post-
fracture/dislocation/sprain statuses), increasing the strength and resistance of the thigh and
knee muscles is obtained by maximally extending the knee during pedaling and increasing the
articular amplitudes being subsequently achieved by pedaling with progressive knee flexion
(Carolyn Kisner, Lynn Allen Colby, 2018, p. 789).
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For neuromuscular control, proprioception, stability and balance, it is recommended to
pedal a stationary bike with active knee extension at a minimum of 110 degrees, avoiding joint
laxity, the isometric muscle strength of the quadriceps being 50-60% of the contralateral lower
limb (Carolyn Kisner, Lynn Allen Colby, 2018, p. 819). The targeted conditions are ischemic or
hemorrhagic stroke, multiple sclerosis, central and peripheral motor neuron syndromes, after
surgical excision of brain tumors, post cranio-cerebral and vertebro-medullary trauma.

Exercise bikes are therapeutic means for people with nervous system injuries. The
treatment plan addresses deficiencies directly or through compensatory strategies, taking into
account the patient's background physical condition to maintain aerobic conditioning
(Braddom, 2011, p. 1293).

A special application of the therapeutic program are patients with motor function deficits
who may develop weak muscle resistance and fatigue (multiple sclerosis, Guillain-Barré
syndrome, chronic fatigue syndrome and post-polio syndrome). With the onset of fatigue,
through the chronic overdose of therapeutic physical exercises, there is a decrease in strength
progressing towards total exhaustion with a ceiling effect. Patients with chronic and irreversible
diseases (multiple sclerosis, amyotrophic lateral sclerosis) need targeted intervention (tertiary
prevention) to limit the sequelae and degree of disability. The benefits of low-resistance
pedaling include maintenance of joint flexibility, tissue extensibility, abilities for daily tasks, and
functional mobility. In addition, circulation is improved and pain is inhibited (O’Sullivan et al.,
2019, p. 334).

Patients with impaired motor function and balance are unable to respond effectively to
external disturbances and stationary cycling achieves reactive balance control (O’Sullivan et
al., 2019, p. 388). Pedaling starting from the supine position strengthens the dynamic balance
in the sitting position preparing the patient for the next phase of rehabilitation.

Pedaling reduces the risk of re-injury after reconstruction of the lateral ligament of the
ankle, improving muscle performance when performed with minimal resistance and using it for
at least 30 minutes favors lymphatic drainage of the lower limbs (Carolyn Kisner, Lynn Allen
Colby, 2018, p. 828, 879, 1035).

Exercise bikes have clinical relevance for quadriceps, hamstrings, glutes from the
range of 35-50 rotations per minute (Braddom, 2011, p. 511). Stationary cycling is
recommended for the rehabilitation of post-traumatic osteoarthritis characterized by a
chronically unstable knee (Braddom, 2011, p. 911), eccentric strength training by pedaling is
also effective in the rehabilitation of chronic Achilles tendinopathy because the ankle plantar
flexors work synergistically with the knee and hip extensors (Braddom, 2011, p. 917).

At the end of a therapeutic program, pedaling has a cooling effect (cool-down),
preventing muscle spasms and post-exercise pain (O’Sullivan et al., 2019, p. 384), especially
after resistance exercises (Carolyn Kisner, Lynn Allen Colby, 2018, p. 202). The 5 to 10 minute
cooling phase is used to promote venous return and avoid adverse effects such as post-
exercise hypotension, angina, ST-T ischemic changes, and ventricular arrhythmias (O’Sullivan
et al., 2019, p. 511).

Patients diagnosed with articular rheumatism or osteoarthritis are usually
deconditioned compared to the general population. Cycling reported significant improvements
in aerobic capacity and activity levels through regular cardiovascular conditioning without joint
damage and other disease symptoms. Own weight is a barrier in performing physical exercises
and stationary pedaling favors unloading, constituting a safe and effective means, being an
aerobic exercise, an increase in self-esteem and an improved emotional state are reported
(O’Sullivan et al., 2019, p. 1030) in patients with chronic rheumatic diseases (not in the acute
phase).

Patients with burns show a decrease in physical functionality related to
hypermetabolism, prolonged bed rest, low aerobic capacity, underweight status, elements that
qualify them for pedaling due to the reduced impact. The rehabilitation program also includes
monitoring of pulse, blood pressure and respiratory rate before, during rehabilitation and after
exercise, especially during the post-exercise recovery period. Horizontal pedaling increases
cardiovascular endurance, but may also have the benefit of improving limb strength and range
of motion (O’Sullivan et al., 2019, p. 1030-1031).

Stationary cycling due to the low impact can be used as a recovery treatment in
metabolic diseases, osteoporosis/osteopenia/osteomalacia and Paget's disease of the bone.
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Pedaling contributes to functional strengthening, training posture and body mechanics
and correcting kinetic chain deficiencies (Braddom, 2011, p. 879, 922).

2.5. The motivation for choosing the theme

The predilection for the bicycle from the range of exercise devices is based on the
fact that it is directly involved in the active musculo-skeletal, cardio-pulmonary and neuro-motor
recovery of the patient, compared to the other kinetotherapeutic means that have an indirect,
passive role, with specifying that all types of kinetotherapeutic means contribute to improving
the quality of life.

| mention that | have an experience of over 11 years in the field of physiotherapy
at home. | graduated, within the "Dunarii de Jos" Galati University, the Faculty of Physical
Education and Sport, specializing in Physiotherapy and special motor skills in 2011. The
master's degree programs completed were Physiotherapy at home completed in 2013,
followed by Nutrition, completed in 2019 within the Faculty of Food Science and Engineering.

Since 2011, | have been practicing the profession of physiotherapist and since
2016 in accordance with the medical credentials related to the free practice office for public
activities related to the medical act within Murgoci |. Nicolae - Individual Practice Cabinet -
Physiotherapy, registered in the Single Register of Medical Cabinets- part 3 of the Directorate
of Public Health of Galati County under no. 096732 / 149 of 11.03.2016.

The choice to develop a horizontal pedal board adapted to the needs of patients
resulted from personal observations related to the own portfolio from 2017-2019 regarding the
increasing number of patients discharged at home, in the therapeutic window of intervention,
demotivated for which bringing them into an orthostatic position required minimal a month of
motor rehabilitation. The pathologies that prevailed were lower limb traumas, generally
surgically reduced fractures with osteo-synthesis, patients with prostheses at the coxo-femoral
and knee joints, post-ischemic stroke patients — bedridden patients whose gait rehabilitation
was later quite difficult.

There are available various medical bicycles and/or pedals used for
kinetotherapeutic purposes and for the recovery of various ailments, traded by sales
companies but not approved by specialists in the field of recuperative kinesiotherapy who
require from the patient uncomfortable positions not adapted to the rehabilitation process or
which require improvisations.

There is practically no horizontal bicycle approved for recovery on the market even
at the moment. Losing the start of the rehabilitation act has socio-economic implications, the
patient becoming demotivated and non-compliant with the therapeutic exercises prescribed by
the rehabilitation doctor and physiotherapist. Thus, patients' recovery is compromised due to
the lack of a tool to improve their health starting from the supine position (in bed). For this
purpose, the horizontal bicycle is an active element of the act of rehabilitation through physical
therapy, favoring the recovery process and regaining independence, unlike the classic
approach that emphasizes the initiation of passive physical therapy in the first phase.

The proposed static horizontal pedaling device adapted to the horizontal position
of the human body is based on a new approach that will include anthropometric measurements
of the human body and the adjacent risk, followed by the establishment of an individualized
pedaling program that will be included in a rehabilitation protocol adapted to the pathology of
each patient. With the help of the innovative horizontal pedal board, | propose to demonstrate
the effectiveness of its application for the recovery of patients temporarily immobilized in bed
who require physical therapy at home. Each stage of the work is supported by prospective
cohort analytical scientific studies to verify the working hypotheses and compare the classical
approach methods with the proposed ones. Predominantly qualitative research is based on
the evaluation of pain intensity, joint and muscle balance, the highlighting of muscle
imbalances with monitoring of heart rate and perceived effort, respectively the comparative
study regarding the improvement of the quality of life. To these are added the perspectives
identified, based on the research carried out.

In this context, | express my firm conviction that the innovative static horizontal
pedal board will bring a significant contribution to patients and added value to the field of
medical rehabilita
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CHAPTER 4. REHABILITATION OF THE LOWER LIMBS

4.1. The role of kinesiology in motor rehabilitation

4.1.1. The relationship between kinesiology - pathokinesiology - kinesiopathology -
medical kinetology

Kinesiology, according to the term introduced by Dally in 1857 in Paris, was defined
as the science of movement.

Kinesiology can be viewed as a science, profession or discipline.

The scientific aspect of kinesiology includes biomechanics (the application of the
laws of mechanics to the study of movement = mechanical kinesiology), applied anatomy - the
relationship between structure and function and the physical analysis of movement as well as
exercise physiology and psychomotor behavior (Renson, 2000; Sporis et al., 2013; Tudor
Sbenghe, 2002, p. 18-24).

The definition of medical kinesiology as opposed to the non-medical one (which studies
human motility unrelated to pathology and treatment) is the study of the neuro-myo-arthro-
kinetic components that ensure the development of normal motility by recording, analyzing and
correcting deficient mechanisms using physical therapy (Tudor Sbenghe, 2002, p. 18-24).

The pathokinesiological model (Figure 4.1) describes the role of a disease or injury
that produces changes in movement components, disability or deficiencies causing functional
limitations with the possible end result of establishing a disabling status (Shirley Sahrmann,
2002, p. 10-16).

Musculoskeletal base L= Nervous modulation
4 4
Cardiopulmonary support
Static/dynamic biomechanics o Metabolic support
Posture Injuries
Precise movements Structural deficiencies
Healthy musculoskeletal system Motor deficit
Functional limitation
Disability

Figure 4.1 The pathokinesiological model, adaptation after (Shirley Sahrmann, 2002, p. 10-
16)

The kinesiopathological model (Figure 4.2) involves movement abnormalities
performed in daily activities that can cause disturbances that ultimately lead to the appearance
of a pathology. It characterizes the role of movement in the production of deficiencies. The
empirical basis of this model comes from the observation that repetitive movements and
sustained postures affect musculoskeletal structures and neural tissue. The cumulative effect
of repetitive movements is tissue damage, especially in movements that deviate from the
kinesiological standard (Shirley Sahrmann, 2002, p. 10-16).
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connective tissues
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Joint laxity

Microtrauma

= Macrotrauma

Figure 4.2 The kinesiopathological model, adaptation after (Shirley Sahrmann, 2002, p. 10-16)

Medical rehabilitation aims both at correcting deficiencies resulting from an injury and
as a result of faulty movement patterns resulting from the performance of daily activities.

4.2. Principles of lower limb rehabilitation and the phases of rehabilitation and
therapy with physical exercise

4.2.1. The principles of rehabilitation of musculoskeletal disorders of the lower limbs

The rehabilitation of musculoskeletal disorders of the lower limbs takes into account a
series of specific principles that must be approached interdependently in order to obtain a
favorable response to treatment based on the basic medical rule primum non-nocere.

The movement models analyze the entire kinetic chain related to the injured joint, the
biomechanical deficiencies and muscle imbalances that make it difficult to maintain a correct
static or dynamic posture in order to properly apply functional therapeutic exercises, dosed
according to the basic and associated pathologies of the patients with the monitoring of vital
functions — Tabel4.2.

Tabel 4.2 Principles of rehabilitation of the lower limbs, adaptation after (Braddom, 2011, p. 436,

899)
No. Specification Details
1 The principle of the kinetic chain - It analyzes the dysfunction at the level of anatomical regions
connected with the painful site, which are linked during movement
- A treatment plan restores proper motor function along the entire
chain
- Kinetic chain analysis is of maximum relevance when discussing
muscle and tendon, bone and joint pathological conditions
2 The principle of biomechanical | > Refers to any impairment determined by a reduction in range of
deficit motion, flexibility, strength, endurance or motor control
3 The principle of muscular | >Loss of stabilizing capacity from agonists or antagonists, most
imbalance often at the level of the pelvis anterior-posterior: flexors/extensors
of the hip joint, medial-lateral: adductors/abductors of the hip joint
4 The principle of functional exercise | > It is based on the isolation of some muscle groups that work
together with other muscle groups in a kinetic chain
) The principle of specificity - | > Metabolic responses occur depending on the muscle groups

periodization

involved

- The type of adaptation reflects the type and intensity of the
therapeutic exercises and the periodization implies the appropriate
use of the break
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- The global rehabilitation program is a macrocycle divided into
phases called microcycles, each with specific objectives

6 The principle of the rehabilitation | > Blood pressure monitoring reveals inotropic performance — the
protocol base heart's pumping capacity

- The critical intensity of therapeutic exercise reaches 47%-64%
of the maximum volume of oxygen in untrained healthy people and
70%-90% of the maximum volume of oxygen in healthy trained
people - representing the anaerobic threshold (ventilator)

- Monitoring of heart rate and perceived exertion is considered to
prevent adverse effects.

A treatment plan considers a comprehensive analysis of the patient in order to
maximize the results of the applied recovery program.

4.2.6. The anti-inflammatory effect of therapeutic exercise

The inflammatory process is an important aspect of chronic diseases of various
etiologies and the pain caused by it can delay the rehabilitation phases of the lower limbs,
having a negative impact on the quality of life. Cardiovascular diseases, diabetes, rheumatic
diseases in the initial stage are diseases associated with chronic systemic inflammation with
low risk. Exercising regularly provides protection against the effects of chronic systemic
inflammation. Regular physical activity has multiple health benefits, including weight control,
improving heart function, bone density, restoring muscle strength, and reducing the risk of
certain diseases. The effect of long-term exercise triggers an anti-inflammatory response,
which is partially mediated by muscle-derived IL-6, protecting against TNF-induced insulin
resistance. Myokines act as mediators through IL-6, which stimulates the circulation of the anti-
inflammatory cytokines IL-1ra and IL-10 and inhibits the production of the pro-inflammatory
cytokine TNF-a, favoring lipolysis and fat oxidation (Lee & Jun, 2019; Murgoci, 2022b;
Pedersen et al., 2003; Petersen & Pedersen, 2005).

The specific functions of the myokines released by muscle contraction are according
to Table 4.9, from which we note the decrease in inflammation determined by IL-6 and the
increase in fatty acid oxidation, the increase in mitochondrial biogenesis by myonectin and
FGF, muscle regeneration/repair determined by SPARC protein, BDNF and the increase in
myogenesis by means of decorin (Lee & Jun, 2019; Murgoci, 2022b).

Tabel 4.9 Muscle myokines induced by physical exercise, after (Lee & Jun, 2019; Murgoci, 2022b)

Muscle myokines induced by physical exercise Function

IL-6 Inflammation |, 1 Oxidation of fatty acids

Irisine 1 Oxidation of fatty acids

Myonectin Autophagy |, 1 Mitochondrial biogenesis
Decorin 1 Myogenesis

FGF ( 21 fibroblast growth factor) Mitochondrial biogenesis

SPARC (secreted protein acidic and rich in cysteine) 1 Muscle repair

IL-15 1 Fat metabolism, 1 Myoblast differentiation
BDNF (brain-derived neurotrophic factor) 1 Muscle regeneration, 1 Oxidation of fatty acids

Persistent systemic inflammation, a typical feature of inflammatory rheumatic diseases,
is associated with high cardiovascular risk and predisposes to metabolic disturbances and
muscle wasting. These disorders can lead to disability. The decrease in physical activity and
the exacerbation of inflammation thus establish a vicious circle of chronic inflammation.
Exercitiile fizice sunt folosite ca terapie pentru bolile reumatice. Skeletal muscle communicates
with other organs by secreting proteins called myokines. Certain myokines induce anti-
infammatory responses with each training session and mediate long-term improvements in
cardiovascular risk factors.

Therefore, exercise is considered to be a potential treatment for patients with rheumatic
diseases. Thus, physical exercises act both directly, after each therapy session, and indirectly,
by improving cardiovascular risk factors (Benatti & Pedersen, 2014; Murgoci, 2022b).

Therapeutic exercises performed at home to tone the quadriceps muscles improve the
status of the analyzed disease, namely osteoarthritis of the knee, in a similar way as NSAID
medication (Doi et al., 2008; Murgoci, 2022b). Other reported effects were reduced pain and
improved functionality for people with osteoarthritis of the knee (Fransen et al., 2002; Murgoci,
2022b).
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Chronic kidney disease is associated with a complex state of immune dysfunction
characterized by susceptibility to infections and an increased risk of cardiovascular disease.
Exercise can improve immune function and have anti-inflammatory effects. Six months of
regular walking exercises (30 min/day 5 times/week) demonstrated anti-inflammatory effects
(reduced ratio of IL-6 and IL-10 plasma levels) and a decrease in T-lymphocyte and monocyte
activation. Physical exercises did not influence kidney function, proteinuria and blood pressure
in chronic kidney disease. Therefore, walking exercise is safe for immune and inflammatory
responses and has the potential to be an effective anti-inflammatory therapy in predialysis
(Murgoci, 2022b; Viana et al., 2014).

The rehabilitation program significantly reduced the local expression of TNF-alpha, IL-
1-beta, IL-6 and iNOS in the skeletal muscle of patients with chronic myocardial infarction.
These local anti-inflammatory effects of exercise may attenuate the catabolic wasting process
associated with the progression of congestive heart failure (Gielen et al., 2003; Murgoci,
2022b). Exercise in patients with myositis is considered safe, benefits clinical outcome, and
may reduce inflammation (Murgoci, 2022b; Nader & Lundberg, 2009).

A moderate exercise session has a cellular response that can help suppress
inflammation in the body. A single 20-minute session of moderate-intensity exercise can also
act as an anti-inflammatory for chronic diseases such as arthritis, fiboromyalgia, obesity and
autoimmune diseases. It can also boost the immune system, producing an anti-inflammatory
cellular response by reducing the number of stimulated immune cells that produce TNF by five
percent. Tumor necrosis factor-TNF is a key regulator of local and systemic inflammation that
helps stimulate immune responses. The anti-inflammatory effects of regular exercise may be
mediated both by reducing visceral fat mass (with a subsequent decreased release of
adipokines) and by inducing an anti-inflammatory environment at each therapy session
(Dimitrov et al., 2017; Murgoci, 2022b).

Therefore, pedaling for at least 20 minutes has an anti-inflammatory effect directly
correlated with the decrease in pain intensity and indirectly presents the advantages of
increasing cardio-pulmonary resistance, maintaining muscle tone, metabolic control and body
weight.
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CHAPTER 5. CONCLUSIONS PART I

1. The global demand for physical therapy equipment is estimated to grow by 7.8%/year until
2026, of which musculoskeletal rehabilitation equipment represents 70.43%. The cause is the
high prevalence of degenerative diseases, traumas and the number of the geriatric population
(estimated at 16% in 2050, of which 2.67% will require an assistive device), who suffer from
chronic diseases to which are added the effects of the deconditioning syndrome.

2. Romania supports an increasingly aging population, the need for rehabilitation services
being moderately upward according to the extended SWOT analysis of kinetotherapeutic
means carried out in accordance with the local educational, medical and social assistance
legislative measures.

3. Pedaling exercise equipment is a rehabilitation favorite offering patients safety,
independence, psychological, emotional and physical benefits and is the focus of ongoing
research.

4. The main objective of physical therapy is the gait rehabilitation, an objective with motivational
and economic-social implications that facilitates the resumption of personal activities, regaining
independence, mobility and increasing the quality of life.

5. A treatment plan considers a comprehensive analysis of the patient in order to maximize the
results of the applied recovery program. Rehabilitation comprises three main phases, which
address the acute inflammatory post-injury stage (phase 1), the early tissue regeneration stage
(phase 1) and the tissue remodeling stage (phase llI).

6. Medical rehabilitation aims both at correcting deficiencies resulting from an injury and as a
result of faulty movement patterns resulting from the performance of daily activities.

7. Pedaling activates the three key joints involved in ambulation, favoring dorsiflexion and
plantar flexion of the ankle through total extension of the hip, knee/hip flexion being established
according to individual tolerance and pathology by changing the distance to the pedals. A
simplified model of muscle coordination during pedaling consists of the synergy of the four
functional muscle groups. The reflexes involved in the medical recovery of the lower limbs
using kinetotherapeutic means are the H (Hoffmann) reflex and the tonic vibratory reflex.
Medical applications in recovery for the H reflex are increasing muscle strength in healthy and
sick people (amyotrophic lateral sclerosis, multiple sclerosis), facilitating ambulation, and the
vibratory tonic reflex is used to recover hemiplegics and reduce spasticity. Masseter
contraction during submaximal pedaling can improve lower limb muscle strength.

8. Pedaling for at least 20 minutes has an anti-inflammatory effect directly correlated with the
decrease in pain intensity and indirectly presents the advantages of increasing cardio-
pulmonary resistance, maintaining muscle tone, metabolic control and body weight.

9. A pedaling system built with fixing the legs through two support bands, one at the level of
the calcaneus and the other on the dorsal side of the legs, the load being represented by the
own weight of the lower limbs, with resistance in the pedal can be considered on the border
between a system controlled by open and closed kinetic chain. It involves the use of three
large joints in a rotating sagittal plane, with reinforced balance reaction in long sitting.

10. In this context, | express my firm conviction that the innovative static horizontal pedal board

will bring a significant contribution to patients and added value to the field of medical
rehabilitation.
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PART Il PRELIMINARY EXPERIMENTAL RESEARCH ON
THE EFFICIENCY OF USING THE HORIZONTAL PEDAL
DEVICE IN MOTOR REHABILITATION

CHAPTER 6. GENERAL METHODOLOGICAL FRAMEWORK OF
THE PRELIMINARY EXPERIMENTAL RESEARCH

6.1. Premises of preliminary experimental research
The premises considered as a starting point in conducting the experimental study are as
follows:
- Specific individualized programs that use horizontal pedals intended for motor
rehabilitation for recoverable patients in the critical intervention therapeutic window, i.e.
immediately after discharge at home, have not been highlighted in the national and
international specialized literature. The target population for the intervention is represented
by patients post-prosthesis at the level of the hip or knee joint, post-trauma (falls,
work/road/sports accidents, assaults), post-stroke, post-COVID-19 or post-reconstructive
surgical interventions at the level tendons and ligaments of the lower limbs, chronic
rheumatic diseases;
- The evaluation of the kinetic chain of the triple flexion/extension in the present study is
carried out by classical kinetotherapeutic techniques (joint, muscle balance) combined with
the results transmitted by the system of sensors attached to the pedals, an aspect that leads
to the development of therapeutic decisions to remedy motor deficiencies, correcting
muscle imbalances and avoiding compensatory movements to preserve postural alignment;
- The corrective interventions applied in real time are monitored and made aware by the
participants in order to engram a correct body movement scheme;
- In the current context of recovery, the need for rehabilitation has increased, being
determined by the increase in the prevalence of degenerative diseases, changes in the
currently sedentary lifestyle, traumas and the increased number of the geriatric population
suffering from chronic diseases that will require assistive devices for support walking in the
case of neglecting existing pathologies;
- Physiotherapy for post-COVID-19 patients reduces the mortality rate, recovery time and
medical expenses, preventing medical collapse;
- The deconditioning syndrome of the elderly involves the direct effects of age including a
series of neuromotor maladaptations, sarcopenia (age-related loss of muscle mass) and
dynapenia (age-related loss of muscle strength);
- The use of the static horizontal pedal provides additional motivation to patients who switch
from the standard passive or passive-active rehabilitation protocol to the active controlled
one;
- Increasing the quality of life of patients and decreasing the socio-economic burden of the
medical system;
- The integrity of the kinetic chain of the lower limbs is essential for facilitating ambulation.

6.2. Objectives of preliminary experimental research

In the preliminary experimental research, the following objectives were established:
- Designing, building and testing on a batch of patients the stationary horizontal pedal
system, establishing the principles of operation and recording data according to the sensors
attached to the pedals and interpreting the data;
- The development of original medical rehabilitation programs with the help of the stationary
horizontal pedal system, taking into account the risk profile of the patients;
- Implementation of the protocol, integration of the results in order to determine the
efficiency of the functional and structural rehabilitation of the lower limbs;
- Comparing the data obtained with those resulting from the application of a standard
physical therapy program by selecting approximately similar intervention samples in terms
of age and associated pathologies.
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6.3. The purpose of preliminary experimental research
The purpose of the preliminary research is to verify the effectiveness of the proposed
recovery programs, applied with the help of the stationary horizontal pedalboard designed and
built for the rehabilitation of the lower limbs. The establishment of the efficiency of the use of
the horizontal static pedal device integrated in a proposed physical therapy program compared
to the standard physical therapy program has been achieved through the statistical
interpretation of the obtained data.

6.4 Tasks of preliminary experimental research
The tasks of preliminary experimental research established in accordance with the
objectives proposed at this level are as follows:

- Extracting data from the national and international specialized literature regarding the
kinetotherapeutic means used in motor rehabilitation, in order to develop the kinetotherapy
programs in accordance with the medical prescriptions related to each patient;
- Scientific documentation regarding the design and construction of an unconventional
therapeutic means - stationary horizontal pedal board, as well as the methods of recording
individual parameters with the help of sensors applied to the pedals;
- Selection from the study of national and international specialized literature of conclusive
data to support the implementation of a sustainable program of therapeutic pedaling for
rehabilitation;
- Establishing the strategy for conducting the preliminary investigation and, drawing up the
organization plan for the preliminary investigation;
- Formulation of research premises and hypotheses;
- Selection of the subjects who participate in the preliminary research in accordance with
their informed consent and the norms of professional ethics;
- Establishing the inclusion criteria, the exclusion criteria and the framework of specific
evaluation means and processes;
- Establishing the preliminary research methods;
- Initial evaluation of the subjects included in the research, using modern technologies -
parameters transmitted by sensors with a diagnostic and therapeutic feedback role,
determination of body composition, heart rate and classic instruments - anamnestic data,
visual analog scale, joint testing, muscle testing, before implementing the medical
rehabilitation protocol using a static horizontal pedal board;
- Conception of medical recovery protocols and their application;
- Elaboration of rehabilitation programs using the stationary horizontal pedal board,
adapting the structure of the exercise program by degree of difficulty depending on the
patient's risk profile and their comorbidities;
- The final evaluation of the subjects at the end of the preliminary research;
- Data centralization;
- Analysis, processing and statistical-mathematical, graphic and medical interpretation of
the results;
- Highlighting the conclusions of the preliminary experimental research;
- Formulation of recommendations and proposals following the application of preliminary
experimental research.

6.5. The hypothesis of preliminary experimental research

The preliminary research, based on the premises listed above, aims to verify the
following working hypotheses:

Hypothesis 1 — The functional evaluation involving classical methods (anamnesis,
joint and muscle testing and pain assessment), computerized (body composition, parameters
related to the sensors attached to the pedals expressed in analogue values) and hybrid
(reserve heart rate, assessment of perceived effort) has a role both diagnostic (to determine
muscle imbalances) as well as therapeutic, corrective as a result of the feedback transmitted.

Hypothesis 2 — Therapeutic pedaling structured according to the patient's riskogram
applied in the critical intervention therapeutic window is effective according to the statistical
interpretations performed in the experimental group compared to the control group.
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The preliminary experimental research was carried out at the patients' homes in
accordance with the medical credentials of the free practice cabinet for public activities related
to the medical act - Murgoci |. Nicolae - Individual Practice Cabinet - Physiotherapy, registered
in the Unique Register of Medical Cabinets - part 3 by the Directorate of Public Health of Galati
County under no. 096732 / 149 of 11.03.2016 (Annex no. 7), according to internal decision
no. 32/20.10.2021, valid for all works and studies carried out for the preparation of the doctoral
thesis.

In the experimental preliminary research, a number of ten subjects were included who
signed the informed consent form (Annex no. 1), through which they expressed their
agreement regarding the conditions of participation in this scientific endeavor. The subjects
were selected based on inclusion and exclusion criteria.

Inclusion criteria: subjects requiring lower limb rehabilitation - post-prosthetic, post-
trauma, post-stroke, post-COVID-19 patients, surgical interventions for the reconstruction of
tendons and ligaments related to knee and ankle joints.

Exclusion criteria: any acute, infectious disease, -cardio-vascular diseases,
decompensated kidneys, any life-threatening situation (acute pulmonary edema, pulmonary
embolism, aortic dissection, craniocerebral trauma, acute myocardial infarction), lower limb
amputation.

6.6. Stages of preliminary experimental research
The preliminary experimental research was preceded by bibliographic documentation
(October 2020-September 2021) regarding the current state of research completed in
September 2021 and scientific report no. 1 on the construction and design of unconventional
kinetotherapeutic means (October 2021 — March 2022) for motor rehabilitation and
improvement quality of life, completed in March 2022.
The stages of the preliminary experimental research proceeded as follows:

- The beginning of the experimental research - elaboration of premises, objectives, research
hypotheses - the first half of April 2022;

- The initial evaluation, the period of the second half of April - June 2022, includes the
assessment of pain with the visual analogue scale, the establishment of the patient's riskogram
by bioimpedance, the joint balance established by goniometry, the muscle balance expressed
in MRC units and the assessment of muscle imbalances expressed in the difference of average
analog value between lower limbs, determination of cardiac reserve, assessment of perceived
effort with the Borg scale;

- The final evaluation, between July and September 2022, includes the assessment of pain
with the visual analogue scale, the establishment of the patient's riskogram by bioimpedance,
the joint balance established by goniometry, the muscle balance expressed in MRC units and
the assessment of muscle imbalances expressed in the difference in the average analogue
value between the lower limbs, determining the cardiac reserve, assessing the perceived effort
with the Borg scale, collecting the results following the application of the standard and
proposed recovery programs for four weeks for each patient;

- Data centralization and processing: October 2022

- Drafting, issuing conclusions November 2022;

- Presentation of scientific report no. 2 (preliminary experimental research): December
2022.

6.7. Scientific research methods

The scientific research methodology recommends, in the elaboration of such a work, a
series of specific research methods, of which the following were used:

- Method of bibliographic study;

- The scientific experiment method;

- The method of measuring and evaluating anthropometric indicators, heart rate;

- The method of measurements for the assessment of muscle and joint balance;

- The survey method - the pain evaluation questionnaire - the visual analogue scale
and pain perception - the BORG scale;
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- The observation method - used throughout the study in order to improve
organizational dysfunctions;

- The method of biomechanics analysis with the help of computer technology with the
help of the sensors of the horizontal pedal system;

- Graphical and tabular method - for the suggestive illustration of the relationship
between two or more quantities;

- The graphic method was used to highlight the differences more easily and to interpret
the evolution of the studied phenomenon;

- The statistical-mathematical and graphic method of data processing, in order to
express the qualitative and quantitative results using SPSS version 25 and Microsoft Excel;

- The logical method thus facilitating the identification of correlations intended to
discover elements of progress.

6.8 Evaluation of the subjects

The evaluation of the subjects took into account the following examinations before,
during and after the application of the standard and proposed physical therapy programs
involving the static horizontal pedal board:

- Patient anamnesis in order to be included in the inclusion or exclusion criteria in the
study, as the case may be;

- Information about the experimental study, obtaining consent for the application of the
standard and proposed physical therapy programs involving the static horizontal pedal board;

- Functional clinical examination: inspection, palpation, functional tests depending on
the pathology;

- Determining the body composition to determine the risk diagram of the patients and
apply the appropriate pedaling program;

- Application of the visual analogue pain scale (VAS);

- Joint balance - assessment of the range of motion in the ankle, knee and hip joints by
goniometry;

- Muscle balance - evaluation in MRC units;

- Muscular imbalances — evaluation with the static horizontal pedal system expressed
in average analog values for the right and left lower limb and the highlighting of the differences
between them;

- Target heart rate — assessment applying the Karvonen formula;

- Borg perpetual effort scale to maintain adherence to the treatment and not exceed
the lactate threshold during the application of the physical therapy sessions.

6.8.1. Anamnestic data

The patient's history includes information related to age, gender, personal and pathological
history, living and working conditions, comorbidities, personal medication, allergies, pain
description (mechanical, inflammatory, mixed, neurogenic, neuropathic, acute, subacute,
chronic) in order to the inclusion or exclusion criteria in the study, as the case may be.

Functional clinical examination included inspection, palpation, functional tests according to
pathology to exclude the acute stage of medical intervention with addressability in emergency
medicine units.

6.8.2. Body composition

Body composition identifies the amount of adipose tissue, non-fat tissue and skeletal
muscle mass based on each patient's input data (age, weight, height).

The risk diagram of each patient was established based on the biocimpedance
parameters for determining body composition, namely values expressed in kilograms for
skeletal muscles (SM), adipose tissue (FM) and non-adipose tissue (FFM), respectively their
calculated indices by adjusting with the square of each patient's height (FMI = FM/height2,
FFMI =FFM/height2). The reference values used the revised European consensus on the
definition and diagnosis of sarcopenia (Cruz-Jentoft et al., 2019) and the determination of the
somatotype related to adipose tissue, respectively non-adipose tissue in correspondence with
its adjustment with the square of the height of each patient (Hattori et al., 1997).
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Body composition measurements obtained by bioimpedance used the Amazfit Smart
Scale - Body Composition Analyzer (Declaration of Conformity with directives 2014/53/EU and
2014/65/EU) from the free practice cabinet's own endowment, using a single frequency of 50
kHz. For each subject, the major body compartments were determined, automatically
estimated by linear empirical equations stored in the system memory along with personal
physical data (age, weight, height).

* The exclusion criteria related to bioimpedance measurements included all situations
of alteration of the hydroelectrolytic balance (hepatic, renal, decompensated heart diseases),
acute-contagious infections, subjects wearing pacemakers, people with skin lesions and
pregnant women.

* Inclusion criteria related to bioimpedance measurements targeted any patient with a
medical indication for physical therapy from the specialist doctor; restrict the consumption of
food and liquids for at least 4 hours and alcohol for at least 8 hours before the test.

* Procedure: subjects in orthostatism with bare feet in contact with the conductive
surface.

6.8.3. Visual analog scale

The visual analog scale VAS = [0-10] evaluates the intensity of the pain that the
patient complains about. The VAS is a unidimensional measure of pain intensity, used to
record the progression of patients' pain or to compare the change in pain severity following the
application of various treatments under similar conditions.

The visual analogue scale is widely used in various pathologies, for example
rheumatic diseases, in patients with chronic pain, cancer (Hjermstad et al., 2011) or cases of
allergic rhinitis (Klimek et al., 2017). In addition to pain assessment, it is used to assess quality
of life (Seene & Kaasik, 2012), asthma, dyspepsia and ambulation (Delgado et al., 2018; Gould
et al., 2001). It is a simple, valid and effective tool to assess disease control (Klimek et al.,
2017).

Interpretation of results by numerical association (Haefeli & Elfering, 2006) allows the
possibility of conducting statistical studies. Interpretation of the results followed the following
standardization: 0- no pain, 1-3 mild pain, 4-7 moderate pain, 8-10 severe pain.

6.8.4. Joint testing

The joint balance or testing is the first functional assessment from the battery of tests
used. It evaluates the articular mobility of the patient with neuro-motor impairment and is of
particular importance for establishing the goals of functional rehabilitation in order to eliminate
dysfunctions of the movement scheme and prevent the installation of redos/retracts. It is useful
in order to specify the needs of orthotics or assistive devices to be used by the patient,
identifying the progress or the stationary status following the application of the treatment.

The evaluation of the range of motion in the ankle, knee and hip joint was performed
by goniometry. The articular balance not only measures the angles of movement but also
assesses the final sensation - end-feel (Morin, 2018; Tudor Sbenghe, 2002, p. 136) after going
through the entire articular amplitude. Mobilization of the painful joint can cause the pain to
appear before reaching the possible range of motion of the joint, indicating an acute
inflammatory process, simultaneously with reaching the possible AM, indicating a subacute
process or when applying additional tension, indicating the chronic stage.

The joint balance tests flexion/extension (pendulum) or abduction/adduction
(oscillating) movements and joint congruence, recording abnormal movements or in non-
physiological directions.

Maximum normal values (Braddom, 2011, p. 31-32) of the range of motion (degrees)
considered therapeutic evaluation targets, as well as the positioning of the goniometer are
shown as follows:

- For ankle and foot: normal mobility register - plantar flexion 0-50 degrees, dorsiflexion O-
20 degrees, total amplitude 70 degrees, subject position - supine; mobility plan - sagittal;
arrangement of the goniometer - the axis is located under the lateral malleolus, the fixed arm
is kept along the fibula, the mobile arm is kept parallel to the V metatarsal;

- For the knee: normal mobility register - flexion 0-135 degrees, subject position - ventral
decubitus, sagittal mobility plane, arrangement of the goniometer - the axis is located on the
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side of the knee, the fixed arm is kept at zero degrees, the mobile arm follows the side lateral
side of the fibula;

- For the hip: normal mobility register - flexion 0-90 with the knee extended and 0-120 with
the knee in flexion, subject position - supine, sagittal mobility plane, goniometer arrangement
- the axis is centered on the lateral face of the lower limb, at the level of the greater trochanter,
the mobile arm is kept parallel to the lateral face of the femur.

Increased range of motion can be passively induced by the physiotherapist and if the
determined active mobility is greater than the passive one, the subject registers a significant
decrease in muscle strength (Tudor Sbenghe, 2002, p. 136-137).

6.8.5. Muscle testing - MRC scale

The muscle evaluation is always performed after the joint balance.

Muscle evaluation through muscle testing has a role in specifying the diagnosis and
provides clues on the value of muscle strength, the value of muscle resistance, the size of
muscle tone, the quantification of muscle innervation, the level of motor control, the anatomical
integrity of the muscles.

In the recuperative program, the available muscle value determines the therapeutic
program and the way in which daily activities are affected so that muscle imbalances that
generate misalignments can be prevented. The need for assistive devices is appreciated,
which activities can be carried out based on the remaining muscle, the need for muscle re-
education and the vocational possibilities are indicated.

The objective evaluation includes inspection and palpation - muscle hypotrophy and
hypotonia, differentiation from edema of the lower limbs, muscle symmetry.

The passive movement of the segments distinguishes pyramidal spasticity - the knife
blade sign from extrapyramidal stiffness - the cog wheel sign, control of coordination and
balance. Muscular strength is defined as muscle contraction against a resistance. Muscle
strength can also be reproduced by the tension of a contracted muscle. The MRC grading
system includes the range 0-5, with ten qualifications (Fisher & Harrington, 2015; Tudor
Sbenghe, 2002, p. 190), according Tabel 6.1.

Tabel 6.1 Muscle testing - MRC units, adaptation after (Fisher & Harrington, 2015; Tudor Sbenghe,

2002, p. 190)
MRC | Qualification The strength Endurance
Rank
5 Normal It expresses a full movement against gravity while | All current activities can be performed without
applying strong resistance the onset of fatigue
4 Good Idem 5, moderate resistance Idem 5
3+ Moderate + Idem 5, light resistance Limited endurance, fatigue sets in quickly
& Moderate It expresses a complete movement against gravity | The patient performs limited daily activities; if all
the lower limbs muscles register force 3, it
becomes impossible to gait sustain.
3- Moderate - Movement against gravity is possible at half the | ldem 3 but more emphasized
normal amplitude
2+ Poor + Antigravitational movement located below the | Mechanical assistance is required to carry out
threshold of 50% of the movement amplitude partial current activities
2 Poor Full movement without the influence of gravity Idem 2+
2- Poor - Partial motion excluding gravity Complete dependence, the patient cannot
perform any current activity
1 Sketched There is no movement, but you can feel the | Idem 2-
contraction at the level of the tendon
0 Null There is no contraction Idem 2-

The muscle balance evaluates a maximum force relative to the tested segment with

the manual muscle testing method, described by the National Foundation for Infantile Paralysis
in 1946 — L. Daniels & C. Warthingham. Force 3 was established as the threshold that defines
resistance against gravity, delimiting patients with severe incapacity compared to those with
normal capacity - the idea of excellence of Professor Robert Lovett from Harvard University in
1912. By applying additional resistances in the progressive rehabilitation of patients, it is
possible to personalize their normality of movement. Muscle testing involves positioning
adapted to each muscle group to exclude gravity (force 0-1-2) or to consider gravity (force 3-
4-5), with or without additional resistance (Avers & Brown, 2019; Tudor Sbenghe, 2002, p.
191).

21 of 104



PhD Student Murgoci Nicolae SUMMARY
DOCTORAL THESIS: Unconventional kinetotherapeutic device
for motor rehabilitation and improving the quality of life

According to the medical protocol for physical medicine and rehabilitation, legislated by
Order no. 534 /22.04.2021, published in the Official Gazette, Part | no. 439/26.04.2021, muscle
strength testing (MRC scale) is performed bilaterally, being a clinical scale with 6 levels (0-5).
Bioelectrical impedance can also be used as a way to evaluate striated muscles and peripheral
nerves, by determining the body composition of each patient. The MRC scale calculates
commensurate force for muscle groups related to the upper limbs taking into account arm
abduction, forearm flexion and fist extensions and for the lower limbs thigh flexion, knee
extension and leg dorsiflexion.

6.8.6. Muscle imbalances

Muscular imbalances were evaluated with the static horizontal pedal system and were
expressed in average analog values for the right and left lower limb, highlighting the differences
between them according to the values transmitted by the sensors.

In parallel, the muscle strength in MRC units related to the injured muscle group was
determined before and after the rehabilitation program.

6.8.7. Target heart rate

The target heart rate was determined by taking into account the maximum heart rate,
based on the heart rate reserve according to Karvonen's formula (Tudor Sbenghe, 2002, p.
569; Wood, 2010). The maximum heart rate was calculated as the difference between 220 —
the patient's age to establish its upper limit.

The heart rate reserve or the target heart rate related to the recovery program using
the Karvonen formula has as its starting point the resting heart rate to which is added the
difference between the maximum heart rate and the resting heart rate multiplied by the intensity
of the effort expressed as a percentage as follows:

Heart rate (FC) target = [(FC maximum - FC of rest) x% Intensity] + FC of rest,
respectively FCT= [(FCM-FCR)*I (%)] + FCR (6.1)

A gradual intensity of 40-60% was proposed, in this way not exceeding the lactate
threshold. Taking as a reference resting HR = 60 bpm, target heart rate values would vary
between 108 bpm and 168 bpm, for a person aged 40 years, for whom HR max = 180 bpm,
as follows:

-Phase | of rehabilitation, 40% intensity effort; FCT | = (180-60)*40% + 60 = 108 bpm
(60% of maximum heart rate)

-Phase Il of rehabilitation, effort with 50% intensity; FCT Il = (180-60)*50% + 60 = 120
bpm (66.67% of maximum heart rate)

-Phase Il of rehabilitation, effort with 60% intensity. FCT Ill = (180-60)*60% + 60 = 168
bpm (93.34% of maximum heart rate)

Heart rate monitoring was carried out with the Huawei Watch GT 2 Smartwatch
(HUAWEI, 2021), equipped with an optical sensor for heart rate measured throughout the
course of each physical therapy session - Figure 6.1. The highest value recorded on the
corresponding intensity step was registerd.

Figura 6.1 Smartwatch Huawei Watch GT 2, equipped with an optical sensor for heart rate
(HUAWEI, 2021)

6.8.8. BORG Perceived Effort Scale

The Borg scale (Table 6.2), graded from 1 to 10, reveals the perception of pedaling
effort and was used to establish the initial basic pace that corresponds to an intensity level
agreed by the patient, the conditioning being aerobic (Borg, 1982; Scherr et al., 2013). For
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rehabilitation, the level of perceived effort must not exceed the moderate level: Borg = 4-6, in
order not to reach the lactate threshold (Kang et al., 2003).
Tabelul 6.2 Scala Borg in pedalare, dupéa (Kang et al., 2003; Wattbike, 2022)

Type of Rehabilitation Average Average
perceived area/ Purpose Physiological adaptations Actions power heart
Scale effort training (%) rate (%)
Active Increasing blood flow to muscles to Promotes recovery and
1 Very easy Zone 1 I remove metabolites and deliver response to recovery <55 <68
activity y nutrients training
. . . More efficient use of
It improves lipid metabolism and the
23 Easy ability to use oxygen, produces energy. Able_to preElEs
A Zone 2 Endurance . o more power with the same 56-75 69-83
activity power and increases efficiency. vl G e, G 6o
Increases energy economy technique/skill
Improves carbohydrate metabolism,
- Tempol ives fast-twitch muscles the muscle .
46 Mode’r)ate DY VTS g characteristics of slow-twitch s e ettt
muscles
7-8 Vigorous Improves carbohydrate metabolism, Qgrzvguﬁzsjﬁ?egézﬁs .
activity Lactate increases lactate threshold, changes pace, ng N
ELIEE threshold some fast-twitch muscles to slow- or pre-race periods: too IR Ele
twitch much time in this zone can
cause fatigue
It improves the capacity of the .
T VosmaxiSpee | Cardiovascular system and Voumax, | eI S PAStET
9 activity Zone 5 2 d P increases the production of - shz rt-te:ryn faﬁguey 106-120 >106
anaerobic energy and accelerates e SEGE
the elimination of metabolites
Anaerobic
capacity/ Increases maximum muscle power, . -
10 Maximum Zone 6 Neuromuscul develops cardiovascular system and g’ sggggl,;geteablhty e 121-150 N/A
effort ar/ VOz2max, increases lactate threshold
activity Strenght

For post-Covid-19 patients, according to the physical medicine and rehabilitation
medical protocol, legislated by Order no. 534/22.04.2021, published Official Gazette Part | no.
439/26.04.2021, follow-up of patients regarding the perceived effort during the rehabilitation
program is required. The scales used evaluate fatigability, dyspnea and the effort required to
perform an activity. Very useful in monitoring patients are the clinical signs: blood pressure
and heart rate that can be determined with the thesiometer, respiratory rate, heart rate, as well
as peripheral blood determinations related to the pulse and oxygen saturation, evaluated with
the pulse oximeter. The cycle ergometer was recommended for cooperative patients in the
specified recovery protocol - Table 6.3 (EMITENT MINISTERUL SANATATII, 2021).
Tabelul 6.3 Perception of effort/dyspnea - Borg Scale, dupad (MINISTERUL SANATATII, 2021)

Perception of Borg scale Dyspnea perception scale Borg scale interpretation —
effort/dyspnea - interpretation — perception of dyspnea
Borg Scale perceived effort
0 Without effort 0 No dyspnea
0.5 Very very easy 0 No dyspnea
1 Very easy 1 Vaguely perceptible
2 Easy 2 Very easy
3 Moderate 3 Mild to moderate
4 Not very intense 4 Moderate
5 Not very intense 5 Minimal breathing difficulties
6 Pretty intense 6 Moderate to severe
7 Pretty intense 7 Severe
8 8

Vei intense Vei severe

A maximum score of 4/10 on the Borg scale for perceived exertion/fatigue/dyspnea
according to the post-Covid rehabilitation protocol is recommended in the rehabilitation of
patients in the post-acute stage (EMITENT MINISTERUL SANATATII, 2021).
| note that every patient had at least one mild to moderate COVID-19 episode that did
not require hospitalization or oxygen therapy, eight patients being vaccinated and two patients
not vaccinated.
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CHAPTER 7. DESIGN AND CONSTRUCTION OF THE INNOVATIVE
STATIC HORIZONTAL PEDAL DEVICE

7.1. The ergonomic design of the stationary horizontal bicycle

The design took into account the reliability of the device, the inter-pedal distance - optimally
expressed by the auto-selected Q factor, the position of the patient, the mode of action and
the distribution of forces in the controlled kinetic chain.

a. The importance of the Q factor (QF)

The design of the kinetotherapeutic device took into account ensuring its stability,
considering the medical Q factor indicated for the rehabilitation of the lower limbs involving
triple flexion/extension. Q-Factor (QF) in cycling or inter-pedal width is analogous to stride
width in walking. Step width size has been shown to reduce the maximum knee abduction
moment (Thorsen, 2018).

QF in cycling is directly correlated with stride width during ambulation. In normal gait,
the preferred step width has been reported to be between 7-12 cm (Helbostad & Moe-Nilssen,
2003; Hollman et al., 2011; Thorsen, 2018; Wert et al., 2010) and between 13-17 cm when
going up the stairs and 15-17 cm when going down the stairs (Paquette et al., 2014; Thorsen,
2018; Wert et al., 2010; Yocum et al., 2018).

The range of a mechanically efficient QF is expressed by the inter-pedal distance of
137-150 mm. The stationary bike was designed to use the natural locomotion capability of the
human body to provide assisted movement. The self-selected QF decreases knee variability
and improves stability, with a reported mean of 142 £ 12 mm, optimal 142 mm, and a very high
knee variability reduction correlation statistically determined R2 = 0.938 (B. X. Disley & Li,
2014; Thorsen, 2018).

Bicycle kinematic instability must be addressed to reduce the risk of knee injury. A
change in the Q factor, i.e. the horizontal distance between the pedal arms, has been shown
to decrease the metabolic cost. The Q factor has a combined effect on the gross mechanical
efficiency and variability of the knee. The self-selected Q factor offering the highest efficiency
and least variability at the knee measured 142 mm (14.2 cm) provided the best knee stability
compared to other Q factors. The self-selected Q factor — Figure 7.1, has the potential to
reduce the risk of knee injury and provide increased efficiency during pedaling (Benedict Xavier
Disley & Li, 2014).

QF 140 mm
~

Figure 7.1 Self-selected QF [own contribution]

The built stationary bicycle has a self-selected QF = 14 cm. The TECHFIT Ped2 pedal
board was used for the medical rehabilitation of the lower limbs to maintain the stability of the
knee during pedaling.

b. Position of the patient
The patient's position is supine, with the trunk raised to 30-45% depending on the
pathology.
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Particularities regarding the safety of the device and the patient in supine position:
1. supine in long sitting with the lower limbs stabilized on the pedals by two support straps;
2. adjusting the length using the upper limb stabilizer bar so that the knee is slightly flexed
(about 10 degrees) when the leg is at the lowest point of the pedaling cycle and ensuring that
the patient can pedal throughout the cycle ;
3. the foot support straps on the pedal are flexible, they stabilize the foot while at the same
time allowing the movement of the ankle joint during pedaling;
4. the support bar for the upper limbs will help to strengthen the balance reaction in long sitting.

c. Mode of action

The movement is active with the following characteristics:
1. controlled movement of the pedal back and forth to the end/restriction by a half or a quarter
turn in the case of SNC/SNP conditions with severe motor deficits;
2. the emphasis can be changed on the movement of the hip, knee or ankle by changing the
distance from the pedals.

d. Movement - distribution of forces in a controlled kinetic chain

The built pedaling system is based on the stabilization of the kinetic chain by fixing the
legs with two support bands, one at the level of the calcaneus and the other on the dorsal side
of the legs. The load is represented by the weight of the lower limbs, the muscular pushing
force used against the resistance of the pedal configures the system as a controlled kinetic
chain. It involves the use of the three joints (hip, knee, ankle) in a rotating sagittal plane, with
a consolidated balance reaction in long sitting (dorsal recumbency).

e. Horizontal pedalboard scheme - side and top view - Figure 7.2., Figure 7.3. (Annex no.
2 and Annex no. 3)

Legend

1-telescopic handlebar upper limbs
2-pedal frame

3-pedalarm

4-sensor attached to the pedal

5- connection cable with the Arduino board
6- Arduino board

7-frame lateral support arms

520 mm

A
\\ 480 mm

410 mm

Yyvy

1130 mm <

A

1350 mm

YYY

Figure 7.2 Diagram of horizontal pedalboard - side view [own contribution]
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I

Legend

1- telescopic handlebar upper limbs
2-pedal frame

3- pedal arm

4- sensor attached to the pedal

§- connection cable with the Arduino board
8- Arduino board

7- frame lateral support arms e

3

740 mm

QF 140 mm
A

290 mm
S

L 580 mm
1350 mm <%

A
h 4

Figure 7.3 Diagram of horizontal pedalboard - top view [own contribution]

7.2. Electrical scheme design

The design of the electrical scheme took into account ensuring the safety of the use of an
electrical system. For the transfer of the information from the plantar pressure sensors, the
analog board Arduino was used, whose reliability, usefulness, efficiency in gait analysis was
demonstrated by the specialized literature. Added to this is the low cost, being a feasible
method of design and application (C. Druga 1, 2017; Grenez et al., 2013; Jor et al., 2019).

Instruments used to measure variables

a. Pressure measurement systems.

The pressure is equal to the force divided by the square of the area being measured by
the pressure sensors. Therefore, the pressure is equal to the force divided by the area of the
sensor. The plantar pressure measurements used are those of foot-pedal contact.

Pressure sensors can be used to determine kinetic chain imbalances, biomechanics and
postural alignment, to establish the effectiveness of orthoses and the risk of injury in the
diabetic foot, and for post-operative rehabilitation.

Plantar pressures are measured using sensors attached to the pedals. The sensor signals
are converted into analog values for both legs.

FSRs (Force Sensing Resistor) are resistance pressure sensors used in all kinds of
industries (medical, electronics, mobile phones, portable gaming devices), easy to use for
pressure detection.

The FSR is connected to a 10Kohm resistor and the sensor is read on analog pin 0 and 1
respectively for each leg separately — Figure 7.4.
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Kapton tape

Copper strip

Velostat conductive film

Velostat conductive film

Copper strip

Kapton tape

Figure 7.4 Pressure sensor built for pedals [own contribution]
Measure the reaction forces according to the output of the analog sensor. Using the
USB connection cable between the Arduino board and the computer, the analog value is
retrieved.

a. Electrical diagram

The wiring diagram includes the following main components - Figure 7.5:
- Two 10k ohm resistors;
- Arduino UNO R3 CH340 board for autologous signal;
- FSR- Force Sensing Resistor pressure sensors attached to the pedals;
- USB data transfer cable to the computer;
- Connecting cables, insulators, velostat, kapton.

const String kDelimiter =","; //
Legend Data Streamer expects a comma

s ..l 1-Sensors attached to the pedals delimeter

2- Multifilar Connection Wire 0.22 mm // SETUP

3- Two 10k ohm resistors

4- Arduino board

5- Data transfer cable

6- Laptop - Excel Data Streamer

void setup() {
// Initializations occur here
Serial.begin(9600);

}

// START OF MAIN LOOP --------------

void loop()
{
// Read sensor values
int leftfootReading =
analogRead(A0);
int rightfootReading =
analogRead(A1l);

// Send data out separated by a
comma (kDelimiter)
Serial.print(kDelimiter); //first
column reserved for commands
Serial.print(leftfootReading);
Serial.print(kDelimiter);
Serial.print(rightfootReading);
Serial.print(kDelimiter);
Serial.println(); // Add final line
ending character only once
delay(10); //delay 10 millisecond
before looping again

}

Figure 7.5 Sensors electrical circuit, Arduino board-PC connection [own contribution]
The program used in C++ is highlighted in Annex no. 6.
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7.3. The actual construction of the horizontal bicycle and the wiring diagram

The materials were chosen so that the weight is as low as possible but does not
interfere with the stability of the device and the safety of use is maximum.

a. Necessary materials are detailed in Table 7.1 accompanied by the technical
specifications. (Figures 7.6-7.16)

Table 7.1 Specifications on the materials used

Nr Nume produs Specificatii
crt.
1 TECHFIT Ped2 pedal with display

Digital display: time, repetitions, calories, revolutions per

Q
L minute
Packaged product size: 38 cm x 18 cm x 35 cm (LxWxH)
‘ - Net weight: 2.35 kg
=>4

Levels of difficulty: 5
Braking mechanism: mechanical (Techfit.ro, 2021).

Figure 7.6 Pedalier
Square aluminum profile 40 mmx 40 mmx3m white
Square aluminum profile 40x40 x 3m
Medium durability aluminum square tube
Chemical composition according to: EN 537-3 Mechanical

b properties according to: EN 755-2 Indications for fine
- mechanics (Webshop.mam-bricolaj.ro, 2021).

Figure 7.7 Aluminum
profile
3 Multifilar Connection Wire 0.22 mm”2 - Blue, Black, Red,
Brown
Multifilar, wire section: 0.22 mm*2
Insulation: PVC
Nominal voltage: 150 V
Outer diameter: 1.3 mm (Robofun.ro, 2021c).

Figure 7.8 Connection wire

Self-adhesive insulating tape Kapton tape 80mm x 30m
This tape is ideal for soldering, insulating board circuits,
protecting against high temperatures, for different electrical
insulators, effective at separating electrical heating resistors,
etc.

Length: 30 m Width: 80 mm
The maximum temperature it withstands is 280° Celsius
(Emag.ro, 2021a).

Figure 7.9 Kapton tape

Copper tape with adhesive - 6mm x 15 meters
It is characterized by flexibility.
It is used when gluing the sub-components of a system.
It conducts electric current with small loads on one side.
The thickness is 0.07 mm and the width is 6 mm.(Robofun.ro,
2021b).

Figure 7.10 Copper tape with adhesive
6 Conductive foil with variable resistance with pressure -
Velostat, size 30x30 cm

Conductor used for portable type sensors - flexible, reacts to
pressures, being resistant to temperatures from -45°C to 65°C,
heat-tight

Dimensions: 30x30 cm / piece;

Thickness: 4 mil / 0.1mm;

Volume Resistance: <500 ohm-cm;

Surface resistance < 31,000 ohms/cm2 (Emag.ro, 2021b).

Figure 7.11 Velostat
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7 Arduino UNO transparent plastic case
The Arduino Uno R3 development board is protected by the
acrylic case. The case is made of transparent plastic, being
joined by 2 components. Adapted for all types of arduino
boards and UNO columns.
Provides access to the reset button and pins.

Assembly is easy with the help of the instructions on the
case.

It provides stability and protection to the Arduino UNO
development board.

The connection with the USB cable, the power supply and the
access to the reset button are easy to achieve.
The size is reduced: length 80 mm, width 65 mm and height 18
mm. It is a light device, weighing 45g(Sigmanortec.ro, 2021).

Arduino UNO R3 CH340
UNO R3 development board + USB cable
It is compatible with Arduino - an open-source processing
platform.
The Uno R3 development board is a version of the Uno with a
new and improved USB interface. It has an expansion slot with
support for 3.3 V, a RESET pin and an automatic selection
system for the USB or DC power source.
General characteristics: Processor type ATmega328,
Voltage: 5V;
Broadcast frequency: 16 MHz (Robofun.ro, 2021a).

Universal two-component adhesive - Bison Epoxy

Itis durable, being produced from epoxy resins with a gray color,
adapted to the repair of metal objects. It resists immersion in
water, torsional forces, varying temperatures, vibrations of any
type and pressure, It is indicated for repairing parts of bicycles,
cars and any other metal object. It was used for filling capacity,
1 tube having 240 cm2,(Dedeman.ro, 2021a)

Figure 7.14 Two-component adhesive

10 Sheet metal self-tapping screw, flat washer, steel, white
zinc-plated, 4.2 x 25 mm

The screw is made of steel with a white zinc finish and is

$% intended for use in sheet metal fixings.

This is self-tapping, has a flat head, PH2 imprint, diameter of
4.2 mm and length of 25 mm, made of steel (Dedeman.ro,
2021b)

Figure 7.15 Self-tapping screw for sheet metal

1 Hama USB 2.0 cable, gold-plated, 1.5 m
High Speed data transfer up to 480 Mbps; elegant and flexible

fabric cover for extra protection against bending;
It presents safety when transmitting the signal, it is resistant to
contact;
Double shielding for optimal reduction of disruptive
- i electromagnetic interference.
General characteristics

Product type USB 2.0 cable

. Length (m) 1.5

Figure 7.16 Hama USB 2.0 cable Transfer speed 480 MBit/s

USB A - USB B connector type

Other details Use: PC & Notebook (Altex.ro, 2021)

Other materials used were: two 10kohm resistors, polyurethane foam, tin for soldering,
universal glue, screws with nuts and a handlebar type bar to support the upper limbs while
pedaling.

b. The construction stages of the stationary horizontal pedal system were as follows:

29 of 104



PhD Student Murgoci Nicolae SUMMARY
DOCTORAL THESIS: Unconventional kinetotherapeutic device
for motor rehabilitation and improving the quality of life

b1. The movable arms of the TECHFIT Ped2 bottom bracket with display were removed
and replaced with arms constructed from longer aluminum profile, which were later filled
with polyurethane foam (Fiure 7.17)

Figure 7.17 Arms made of aluminum profile attached to the pedal [own contribution]

b2. Self-tapping sheet metal screws, flat head, washer, steel, white zinc plated, 4.2 x 25
mm, were used to fix the angles of the aluminum profile. (Figure 7.18)

\{,_,.,,., \\ : \:‘ .

5 ,
\ N

Figure 7.18 Fixing the angles’of the aluminum pofiié with self-tapping screws for sheet metal
[own contribution]

b3. Attaching the lateral support arms to the pedal frame with biocomponent adhesive and self-
tapping screws. (Figure 7.19)
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Figure 7.19 Attaching the side support arms [own contribution]
b4. The support devices - the hard pedal platform, for the pressure sensor, built from MDF
material with the help of screws with nuts and universal glue, were mounted (Figure 7.20).

Figure 7.20 Support devices - hard pedal platform for pressure sensor - MDF [own contribution]

b5. Construction and installation of the central balancing axis and telescopic handlebar
support. (Figure 7.21)

Figure 7.21 Construction and installation of the central axis for balancing and supporting
the telescopic handlebar [own contribution]
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b6. Building and mounting the sensor on the hard MDF platform of the pedal

When building and mounting the sensors on the hard MDF platform of the pedal, kaptan
was used as an insulating material over which self-adhesive copper strips were glued (7
parallel strips and a strip perpendicular to the front end), after which they were tinned, thus
building two statures having in the middle two conductive velostat foils (Emag.ro, 2021b). The
calculated area of the sensor surface is 80mm*95mm=760 mm2 — Figure 7.22.

l’,* - '
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!

Figure 7.22 Building and mounting the sensor on the hard MDF platform of the pedal [own
contribution]
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b7. Mounting the straps to support the foot on the pedal at the level of the calcaneus in the
Achilles area and at the level of the dorsal face of the foot - Figure 7.23.

— "Iv‘ I | I: !

¥ o

Figure 7.23 Foot straps on the pedal [own contribution]

b8. Assembling the case and the Arduino UNO R3 CH340 board and stabilizing them with two
self-tapping screws — Figure 7.24.

Figure 7.24 Assembly of the Arduino UNO R3 CH340 board [own contribution]

b9. Entire horizontal pedal assembly - Figure 7.25.

#

3

Figure '7.25 Entire hointal Sedal assémbly [own contribution]
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7.4. Verifying the functionality of the device

The open-source Arduino software (IDE 1.8.19) makes it easy to write code and upload
it to the board. This software can be used with any Arduino board (Arduino.cc, 2021).

Microsoft Excel is a useful tool for viewing and analyzing data with the help of the Data
Streamer application that allows importing, viewing and analyzing live data from external
devices, such as the Arduino microcontroller. This way sensor data collection is accessible
and easy to use for a wide variety of applications. A C++ program was used according to
Annex no. 6. Data Streamer, free with 0365, reads values printed on the computer's serial
port, with the data printed on the Arduino IDE serial monitor (Microsoft.com, 2021).

The pressure sensor attached to the pedal is connected to the Arduino board. With the
help of a USB cable, the data is transmitted to the PC for real-time reproduction of the pedaling
in Microsoft Excel performed with the Data Streamer. The test was performed with hand
pressure to verify data transmission and calculate the margin of error. The resulting values are
transmitted at intervals of 150 ms on 500 lines - Table 7.2, Figure 7.26.

Table 7.2 Real-time Data Streamer data transmission (excerpt)

Senzor | Ajustare | Valoare | Senzor Ajustare Valoare
stang marja analoaga | drept marja analoaga Diferente
Timp Seria 1 A0 A0 Seria 2 A1 A1 AO0-A1
59:05.3 114 22.12 91.88 105 6.63 98.37 -6.49
59:05.3 121 22.12 98.88 114 6.63 107.37 -8.49
59:05.3 127 22.12 103.88 119 6.63 112.37 -8.49
59:05.3 130 22.12 107.88 123 6.63 116.37 -8.49
59:05.4 136 22.12 113.88 130 6.63 123.37 -9.49
59:05.4 136 22.12 113.88 124 6.63 117.37 -3.49
59:05.4 139 22.12 116.88 141 6.63 134.37 -17.49
59:05.4 142 22.12 119.88 149 6.63 142.37 -22.49
59:05.4 144 22.12 121.88 161 6.63 154.37 -32.49
59:05.4 147 22.12 124.88 164 6.63 157.37 -32.49
59:05.5 148 22.12 125.88 174 6.63 167.37 -41.49
59:05.5 149 22.12 127.88 167 6.63 160.37 -33.49
59:05.5 151 22.12 128.88 181 6.63 174.37 -45.49
59:05.5 155 22.12 132.88 187 6.63 180.37 -47.49
59:05.5 158 22.12 135.88 197 6.63 190.37 -54.49
59:05.5 158 22.12 135.88 189 6.63 182.37 -46.49
59:05.5 161 22.12 138.88 203 6.63 196.37 -57.49
59:05.5 163 22.12 140.88 207 6.63 200.37 -59.49
59:05.5 167 22.12 144.88 209 6.63 202.37 -57.49
59:05.6 168 22.12 145.88 218 6.63 211.37 -65.49
59:05.6 168 22.12 145.88 214 6.63 207.37 -61.49
59:05.6 171 22.12 148.88 223 6.63 216.37 -67.49
59:05.6 176 22.12 153.88 227 6.63 220.37 -66.49
59:05.6 177 22.12 154.88 231 6.63 224.37 -69.49
200 Valori real time e Series Series?
350
300 ] AN
IR } 1) A bl
250 } ‘ J‘ ' ‘ !
200
150
100
50
0
SN TdT0OmMO NS 10WMNMONRNITNQOUMONSTANONWLMONWYMmO
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Figure 7.26 Left (series 1) and right (series 2) pedal sensor graph [own contribution]
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SUMMARY

The test lasted 5 minutes, the highest recorded analog values being 345 and 253
(manually tested values), therefore the system works and the next preliminary level can be

implemented.

The Arduino board returns a value from 0-1024 for any given analog signal

corresponding to a 5 volt source.

The testing of the sensors attached to the pedals with different weights were carried
out with load tests, the sensor being in contact with the ground in an orthostatic position,
involving standard weights of 6,8,10,12,16, 20 kg and respectively healthy subjects according
to Table 7.3. From the weight of 123 kg + the analog signal remains constant at 1023 - Figure
7.27. | mention that the highest weight recorded in the patients selected for the present

research was 104.1 kg, so the sensors can be used for the preliminary and final study.
Table 7.3 Testing sensors attached to pedals with different weights [own contribution]

standard 55
standard 74
standard 10 92
standard 12 111
standard 16 148
standard 20 185
person 60 554
person 66 610
person 72 665
person 78 721
person 87 804
person 93 859
person 99 915
person 105 970
person 123 1023
person 150 1023
person 180 1023
TESTING SENSORS
1200
1023 1023
970
1000 915 4 2 .
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Figure 7.27 Testing sensors attached to pedals with different weights [own contribution]
Eliminating the last 2 capped values, the linear regression equation was calculated

y=8.9243x+10.496.
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The size of the effect is R2=0.9949, that is, for 99.49% of the subjects and the tested
weights, there is a significant link between them and the value displayed by the sensors. The
values allowed for research projects must exceed 90%, the condition being fulfilled in this case
- Figure 7.28.

1200 y =8.9243x + 10.496

LINEAR REGRESSION EQUATION R? = 0.9949

23

970
1000 o1h *

800
600
400

200

AVERAGE VALUE OF THE ANALOG SIGNAL

0
0 WEIGHT 20 40 60 80 100 120 140
Figure 7.28 Linear regression equation [own contribution]

Later, we tested the values recorded by the sensors from a horizontal position while
pedaling when the contact with the pedal is represented by the pushing pressure of a lower
limb alternating with the opposite one, calculating an average value of the analog signal
transmitted, depending also on the pedaling intensity- Figure 7.29.

Analog signal testing as a function of pedal board

600 resistance level
525
o 500 503
(o]
S 445 454 o=
g 0 19
S 368
g 336
5 300 302
5 566
g 230
8 200 202
2 185
2 164 76
<
100
Resistance levels
0 1 2 3 4 5
——VAM B 277 303 330 363 400
VAM F 164 176 185 202 230
MAX VA B 445 454 462 503 525
MAX VA F 260 286 336 359 381

Figure 7.29 Analog signal testing as a function of pedal board resistance level [own contribution]
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CHAPTER 8. MEDICAL REHABILITATION RELATING TO THE
CONTROL GROUP AND THE EXPERIMENTAL GROUP IN VIEW OF
AMBULATION FACILITY

8.1. Medical rehabilitation relative to the control group
8.1.1 Medical rehabilitation protocol related to the control group

The control group includes five subjects with the indication of physical therapy from the
specialist doctor: a patient with damage to the coxo-femoral joint (right coxarthrosis associated
with lumbosciatica), a patient with stroke and left hemiplegia, a patient with damage to the
knee joint (gonarthrosis and associated comorbidities ) and two patients with damage to the
ankle joint (post-sprain, respectively post-fracture status). All patients had a history of an
episode of COVID-19. The recovery program lasted 4 weeks with a frequency of 3 times a
week, in total 12 sessions (50 min/session).

The major objectives regarding combating the effects of COVID-19 aimed (MINISTERUL
SANATATII, 2021):

- restoring cardio-respiratory capacity, improving exercise tolerance;

- improving the effects of deconditioning and their complications;

- prevention of neuro-motor and mental deficiencies;

- improving the quality of life by promoting physical and social functionality.

The general and specific objectives of each type of condition aimed at the following:

= General objectives:

1. Pain relief

2. Restoring mobility

3. Increasing joint strength and mobility

4. Prevention and correction of deformations

5. Patient education
= Specific objectives — coxarthrosis, lumbosciatica (Braddom, 2011, p. 941, 945):

1. correct posture - postural and pelvic alignment, strengthening of the abdominal
muscles and pelvic stabilizers (medial gluteal, gluteal mass), strengthening of areas
characterized by contracture or stiffness (hamstrings, hip flexors and rotators);

2. prevention of deconditioning;

3. pain relief, functional improvement;

4. toning and increasing the resistance of the muscles that support the spine and
improving flexibility in areas where it is deficient;

5. correct dosage of effort in fixed, planned steps, based on realistic goals and
symptoms.
= Specific objectives — post-stroke (Braddom, 2011, p. 1266):

1. the normal synchronization between muscle contraction and relaxation during
exercise (the triceps surae contracts actively during the swing phase but fails to ensure
stability during the support phase and the quadriceps muscle remains active throughout the
walking cycle, including the of balance);

2. ideomotor maintenance of motor schemes;

3. prevention of deformations and vicious attitudes;

4. promoting the ability to control the movement made by a synergistic muscle or
muscle group;

5. re-education of postural reactions and balance in basic positions.
= Specific objectives — post-trauma (Braddom, 2011, p. 369):

1. obtaining joint stability;

2. restoring muscle balance and mobility;

3. reconstruction of the leg alignment.n
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8.1.2 Physiotherapy program adapted to the control group

The recovery program lasted 4 weeks with a frequency of 3 times a week, a total of
12 sessions (min 50 min/session). Each 50-minute session included distinct elements,
according to Table 8.1:

Table 8.1 Detailed content of the physical therapy program adapted to the control group

Gonarthrosis,
Coxarthrosis
Standard physical therapy lombosciatica (mechanical Ischemic stroke Status
program content adapted to origin) hemiplegia Post-trauma Mi
each condition (minutes) 2 subjects 1 subject 2 subjects
Therapeutic massage 15 15
Manual lymphatic drainage 15
Invessie table positioning 5
Specific exercises” 20
Postural treatment - Positions
at the edge of the bed in short
sitting (active-isometric) 5
FNP — Kabat (5 min passive, 5
min active) 10 5
Passive, passive-active
physiotherapy 10 20
Manual therapy & stretching 10 10 10
Total time (minutes) of which 50 50 50
-active 20 5 15
-passive 30 40 35
-active break (isometric) 0 5 0

* Details of specific exercises

-Gonarthrosis, Coxarthrosis and lumbosciatica of mechanical origin with associated
lordosis - medical recommendation - Wiliams program, 5-7-10 repetitions (progressive
increases every 4 sessions, total 12 sessions)

Specific exercises from the supine position

- bend and extend the knees alternately;

- flexion of the thigh on the abdomen is performed alternately, holding for 10 seconds, followed
by returning with the lower limbs extended and then resuming the movement with simultaneous
execution;

- hands on the back of the head, feet on the ground, perform thigh flexion on the abdomen
alternately, hold for 10 seconds, followed by return with the lower limbs extended;

- with the arms stretched above the head and the knees bent, the lumbar area is pressed to
the floor, contracting the abdominal muscles;

- with bent knees and feet on the ground, rotate the pelvis to the left, respectively to the right;
- with the lower limbs extended, place the heel on the opposite knee and leave the thigh on
the ground, then return to the initial position;

- raise one leg above the ground, hold for 10 seconds, then return to the initial position;

- with a pillow under the head, hips and knees flexed, feet on the ground, contracting the gluteal
and abdominal muscles, tilt the pelvis by lifting the buttocks off the ground. Gradually perform
the same movements with the knees less and less bent.

-Stroke left hemiplegia, Status post-trauma lower limbs

Specific exercises

Neuroproprioceptive facilitation techniques were applied (Beckers & Buck, 2021, p. 145-166)
passive, passive-active physical therapy, 5-7-10 repetitions (progressive increases every 4
sessions, total 12 sessions).

Specific exercises:

- Flexion-abduction-internal rotation (Beckers & Buck, 2021, p. 145);

- Flexion-abduction — internal rotation with knee flexion (Beckers & Buck, 2021, p. 148);

- Flexion-abduction — internal rotation with knee extension (Beckers & Buck, 2021, p. 149);
- Extension-adduction-external rotation (Beckers & Buck, 2021, p. 151);

- Extension-adduction-external rotation with knee extension (Beckers & Buck, 2021, p. 154);
- Extension-adduction-external rotation with knee flexion (Beckers & Buck, 2021, p. 156);
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- Flexion-adduction-external rotation (Beckers & Buck, 2021, p. 157);

- Flexion-adduction-external rotation with knee flexio (Beckers & Buck, 2021, p. 159);

- Flexion-adduction-external rotation with knee extension (Beckers & Buck, 2021, p. 161);
- Extension-abduction-internal rotation (Beckers & Buck, 2021, p. 162);

- Extension-abduction-internal rotation with knee extension (Beckers & Buck, 2021, p. 165)
- Extension-abduction-internal rotation with knee flexion (Beckers & Buck, 2021, p. 166).

8.2. Medical rehabilitation in order to facilitate ambulation - the experimental
group, using the horizontal pedal device for the motor rehabilitation of the lower
limbs

8.2.1. Stationary horizontal pedal device

The stationary horizontal pedal device described in Chapter 7, 7.1-7.4 ensures:

- minimizing the effects of inactivity and immobility (improving side effects of
infammation, reducing/improving pain);

- cardiovascular resistance;

- neuromuscular coordination - strengthening the balance position of subjects in long
sitting (supine with partial weight unloading, with the lower limbs in triple flexion, in different
degrees of amplitude);

- addressing neuro-motor deficiencies;

- improving the range of motion, muscle function deficits and remaining ones by
changing the distance to the pedals and setting different intensities;

- promoting the return to functional activity;

- reducing the risks of associated comorbidities, remedying or preventing deficiencies,
optimizing general health and well-being.

The benefits of exercises that involve large muscle groups are the improvement of
aerobic capacity, the reversal of muscle atrophy, the increase of muscle functionality, the
increase of muscle strength. The application of exercises in the controlled open/closed
kinetic chain is aimed at restoring/maintaining muscle power, correcting movement patterns
and muscle imbalances, regaining strength and endurance, improving cardiovascular and
respiratory capacity, creating a fast and efficient rehabilitation program.

Controlled open/closed kinetic chain exercises have neurophysiological effects that
stimulate the proprioceptive system via feedback to initiate and control muscle activation
patterns.

8.2.2 Medical rehabilitation protocol

The experimental group also includes five subjects with the indication of physiotherapy
from the specialist doctor: a patient with damage to the coxo-femoral joint (right coxarthrosis
associated with lumbosciatica), a patient with stroke and left hemiparesis, a patient with
damage to the knee joint (gonarthrosis and associated comorbidities) and two patients with
damage to the ankle joint (post-sprain, respectively post-fracture status). All patients had a
history of an episode of COVID-19. The recovery program lasted 4 weeks with a frequency of
3 times a week, in total 12 sessions (min 50 min/session).

The goals of pedaling exercise therapy are as follows:

a) Promoting activity and minimizing the effects of inactivity, increasing independence;

b) Increasing the normal/functional range of motion;

c) Improving the strength of weak muscles;

d) Improving performance in daily activities;

e) Facilitation of ambulation;

f) Reduction of muscle, tendon and fascia contracture, reduction of stiffness;

g) Improvement of circulation and respiratory capacity;

h) Improving coordination and balance;

i) Promotion of relaxation;

j) Increase in motor or sensory function;

k) Reduction of medication, reduction of hospital visits and increase of general health.
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Patient management is based on the three-dimensional intervention model of
therapeutic exercise that takes into account the elements of the movement system, the
specificity of the activity and the particular dosage of its intensity, according to Table 8.2..

Table 8.2 The three-dimensional intervention model of the therapeutic exercise

The elements of the movement
system - the purpose of each
activity and the technique

The specifics of the chosen
activity/technique

Specific dosage

Support — reinforced balance | Posture - supine - long sitting Eccentric/concentric type of contraction;
reaction isometry; resistive contractions
Base — static horizontal pedaling Mode — active, rhythmic rotation Intensity depending on riskogram/
IMF/pathology
Modulator — 5 levels of intensity Movement - closed-open | Intensity depending on riskogram/IMF/
controlled kinetic chain pathology
Biomechanics — assessment of joint Duration depending on riskogram/

and muscle balance, muscle IMF/SMI/ pathology
imbalances
Cognitive/affective impact - Frequency according to riskogram/ IMF

specialist evaluation pathology
Sequence - intervention phase (I-1I-111))
Feedback (monitoring perceived effort,
heart rate)

FMI = adipose tissue index; SMI=muscle tissue index, calculated by reporting to the square of the height
of the results obtained by bioimpedance measurements, part of the patient's riskogram (Hattori et al.,
1997; Keller & Engelhardt, 2013).

In performing the exercises, static and dynamic biomechanics have a primary role in
which the cardiopulmonary and metabolic support, the musculoskeletal base and the
nervous system as a modulator intervene.

The therapeutic exercises used as inducers to promote engramming are based on
adaptation and must take into account the modifying factors and necessary corrections.

8.2.3 Physiotherapy program adapted to the experimental group.

The therapeutic exercise with the help of the stationary horizontal bicycle respects the
characteristics expressed in Table 7.8, to which are added the work observations depending
on the pathologies of the patients included in the experimental group - Table 8.3.

Table 8.3 Work observations according to the pathologies of the patients included in the

experimental group

Work observations

Details - pedaling

Initial starting position

The movement is initiated from at least 10 degrees knee flexion without resistance,
pedaling with the leg outstretched with support on the heels.

Submaximal effort

Submaximal effort is recommended - defined as one minute before reaching the
anaerobic threshold; the individual anaerobic threshold was identified at about 75% of
the maximum heart rate or Borg scale = 4/10.

Rehabilitation of
conditions

knee

It starts from flexion 50-90 degrees, the target being 110 degrees.

The stationary bike is used to encourage full extension of the knee as it progresses,
especially in patients with osteoarthritis.

The rehabilitation of the pelvic girdle musculature controls the function of the knees
proximally. Post-traumatic osteoarthritis is characterized by chronically unstable knees.
Pedaling corrects mechanics, increasing strength, flexibility, endurance and motor
control.

Recovery of hip conditions

An angle of 900 in flexion of the knee must not be exceeded in order not to overload
the coxo-femoral joint area for patients with pathologies associated with it. It is possible
to evaluate at which degree of flexion the pain appears, at least in the first stage of
recovery, and it is determined from which degree of flexion to start pedaling in order
not to reach maximum flexion in the painful area.

Pedaling involves functional strengthening, training of posture and body mechanics:
external rotation of the eccentric hip leads to internal rotation of the femur to support
the knee, the indirect effect being tibial rotation and subtalar pronation.

Full functional
motion

range of

Mobility of the quadriceps-hamstring force couple

Increasing the resistance
and strength of the thigh
and knee muscles

The total extension of the knee favors increasing the resistance and strength of the
thigh and knee muscles by moving the patient away from the pedals, and the approach
favors increasing the articular amplitude of the knee.

Toning begins when the pain subsides. The rehabilitation program for correcting the
deficit of strength, endurance and flexibility of the muscles must also include the pelvic
girdle.
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Stability,
proprioception,
neuromuscular control
Pedaling

balance, | For stability, balance, proprioception, neuromuscular control, a minimum of 4 weeks of

rehabilitation is practiced

Pedaling reduces the risk of re-injury after tearing the lateral ankle ligament.
Pedaling for 30 minutes with low aerobic intensity favors lymphatic drainage.

Therapeutic program using the horizontal stationary bicycle included in the protocol of
the experimental group

The types of pedaling programs proposed are based on the risk profile of the patients
determined according to the body composition of each patient, the associated comorbidities
and the indications of specialist doctors: program A — high risk (27 min.), Program B — medium
risk (31 min.) , Program C — minimum risk (35 min.), with an interspersed 9-minute break,
according to Figure 8.1.

12 10 10
10 8 8
0 8 6 6
5 6
£ 4 3 3 3 3 3
£
E 2 Rehabilitation programs involving pedaling
= O Jnitial basic Fast Eas Final basic
rhythm Pause edalin Pause edali); Pause rhythm
Program Type  (warm up) P 9 P 9 (cool down)
A Program 3 3 10 3 10 3 3
B Program 3 3 8 3 8 3 3
C Program 3 3 6 3 6 3 3

Figure 8.1 Rehabilitation programs involving pedaling

The division of patients will be done according to pathologies to determine the duration
and specificity of each series of therapeutic exercises, 50 minutes/session — Table 8.4.

The background condition of the patients is taken into account to determine the rhythm,
intensity, pedaling frequency, cardio-pulmonary capacity, degree of perception of the effort and
the load of the patient depending on the chosen intensity. Through bio-impedance, the patient's
somatotype was established according to muscle indices, fat tissue and non-fat tissue and the
appropriate dosage of therapeutic exercises, according to the riskogram of each patient
(Murgoci, Mereut, et al., 2022)

Table 8.4 The detailed content of the physical therapy program adapted to the experimental
group

Coxarthrosis, | Gonarthrosis, Post-
lombosciatica | lumbosciatica Ischemic Post- trauma
Content of the proposed physical (mechanical (mechanical stroke trauma lower
therapy program adapted to each origin) origin) hemiparesis | lower limbs limbs
condition (minutes) 1 subject 1 subject 1 subject 1 subject 1 subject
Therapeutic massage 5 5 5
Manual lymphatic drainage 8 4
Invessie table positioning 4 5
Static horizontal pedaling -
adapted programs A/B/C 31 35 31 27 31
Postural treatment - Positions at
the edge of the bed in short sitting
*
4
FNP — Kabat- active 5 5
Manual therapy, stretching 10 5 10 10 10
Total time (minutes) of which 50 50 50 50 50
active 22 26 22 23 27
passive 19 15 15 18 14
*active break 4
passive pause 9 9 9 9 9
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CHAPTER 9. PRESENTATION, ANALYSIS AND INTERPRETATION
OF THE RESULTS OF THE PRELIMINARY EXPERIMENTAL
RESEARCH

9.1. Presentation of the subjects and the results of the evaluations of the
control group and the experimental group

9.1.1. Presentation of the subjects and their specific demographic characteristics

The control group and the experimental group included five subjects each, and to
preserve the homogeneity of the study, 10 patients with similar basic impairment were selected
from 27 patients to respect the principle of data comparability - Table 9.1.

Each group contains one patient with coxo-femoral joint damage, one patient with
stroke, one patient with knee joint damage and two patients with ankle joint damage. All
patients included in the study had a mild to moderate episode of COVID-19 that did not require
hospitalization or oxygen therapy.

The rehabilitation program lasted 4 weeks with a frequency of 3 times a week, in total
12 sessions (50 min/session).

Table 9.1 Presentation of the subjects included in the preliminary experimental research

Pacient Interpretation
No | Subjects Main diagnosis + Comorbidities Type Age Gender | IMC IMC
Right coxarthrosis, Lumbosciatica,
1 C.N. Status post Covid-19 C 45 M 27.93 Overweight
Left ankle post-sprain status, post- C
2 B.l. Covid-19 status 78 M 24.10 Normal
Ischemic stroke with left hemiplegia, C
3 G.L. HTAE stage 3, Status post-Covid-19 53 F 21.57 Normal
Gonathrosis, Dyslipidemia, HTAE stage C
4 O.P. 3, Status post-Covid-19 74 M 36.88 Obesity
Reduced open postfracture left tibia and C
5 G.V. fibula status with osteosynthesis 49 F 30.60 Obesity
Left ankle post-fracture status, post-
6 P.E. Covid-19 status E 44 F 22.03 Normal
Right coxarthrosis, L4-L5 disc herniation
7 AJ. stage 2, Status post-Covid-19 E 43 M 32.57 Obesity
Gonarthrosis, Rheumatoid arthritis, E
Coxarthrosis, HTAE stage 2,
Hypothyroidism, Dyslipidemia, Post-
8 LA Covid-19 status 73 F 28.32 Overweight
Ischemic stroke, left hemiparesis, HTAE E
9 D.E. stage 3, Status post-Covid-19 52 M 27.80 Overweight
Status post-luxatie glezna dreapta, E
10 S.C. Status post Covid-19 76 F 25.40 Overweight

C=control, E = experiment, IMC = body mass index, AVC = stroke, HTAE = essential hypertension

The presentation of the subjects included, in addition to the main diagnosis and
associated comorbidities, the type of patient coded with C or E depending on the control group
or the experimental group, age, gender and interpretation of the body mass index.

9.1.2. Evaluation of pain before and after the application of physiotherapy programs at
the level of the control group and the experimental group

The interpretation of the results of the visual analog scale of pain by numerical
association respected the following standardization: 0- no pain, 1-3 mild pain, 4-7 moderate
pain, 8-10 severe pain. The moment TO was considered the one before the start of the
rehabilitation therapy and the moment T1 after four weeks of applying the rehabilitation
program related to the control group, respectively the experimental group, according to Tables
9.2 and 9.3.

Table 9.2 Pain assessment (visual analogue scale VAS 0/10) - control group

VAS T1

No

Subjects

VAS TO

1

C.N.

6

3
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2 B.l. 5 4
3 G.L. 4 1
4 O.P. 6 4
5 G.V. 7 5

Table 9.3 Pain assessment (visual analogue scale VAS 0/10) — experimental group

Nr. crt. | Subiecti | VAST0 | VAS T1
1 P.E. 6 3
2 AJ. 7 3
3 LA 5 3
4 D.E. 4 0
5 S.C. 5 1

9.1.3 Joint balance - goniometry before and after the application of the
physiotherapy programs at the level of the control group and the experimental group

The articular balance (BA) performed by goniometry before and after the application of the
physiotherapy programs at the level of the control group and the experimental group
concerned the coxo-femoral joint (CF), the knee joint (G) and the ankle joint (GZ) related to
the left affected limb or right depending on the pathology. Flexion was evaluated for the hip
and knee joint and both flexion and extension for the ankle. Gained range of motion was
assessed separately as the difference between time T1 and time TO. For each patient, the
most affected joint(s) was marked according to Table 9.4.
Table 9.4 Joint balance — goniometry (values expressed in degrees)

BA|BA | BA | BA | BA | BA | BA | BA BA BA BA BA
CF| G | GZF | GZE | CF | G | GZF | GZE | CF G GZF | GZE

Subiecti | tip | TO | To | To0 TO |[TM|T | ™ T1 | (T1-T0) | (T1-TO0) | (T1-TO) | (T1-TO)

1.CN. | c |60 | 100 15 35 | 75 [ 120 | 19 45 15 20 4 10

2.B.I. c |8 |120]| 5 34 | 90 [ 130 | 11 40 5 10 6

3.G.L. c | 40 | 80 3 27 | 60 [ 100 | 7 32 20 20 4

40P. | Cc |75 75 | 10 43 | 85 | 90 | 15 49 10 15 5

56V. | C | 75| 90 8 38 | 90 [ 110 | 16 44 15 20 8

6.P.E. E |9 | 110 ] & 23 | 90 [ 120 | 13 43 0 10 7 20

7.AJ. E|55] 95 | 12 32 | 78 | 125 | 17 42 23 30 5 10

8.LA. E |45 | 55 5 28 | 55 | 70 | 10 36 10 15 5 8

9.D.E. E |35 75 3 29 | 60 | 92 8 42 25 17 5 13

108.C. | E 80 | 115] 4 31 | 90 [ 125 | 11 46 10 10 7 15

C = patient from the control group, E = patient in the experimental group, TO = initial, T1 = after 4 weeks (3
times/week, 12 sessions), BA = joint balance - affected side (left/right) coxo-femoral joints (CF), knee (G), ankle
(Gz)

9.1.4. Muscle balance before (T0) and after (T1) the application of physical
therapy programs at the level of the control group and the experimental group and the
highlighting of muscle imbalances between the left and right lower limb

The muscle balance tests a relative maximum force at a given time with the manual
muscle testing method - the MRC Medical Research Council scale with 6 levels (0-5) for each
muscle group of the lower limb as follows thigh flexion, knee extension, leg dorsiflexion (ankle
and fingers), before (BM T0) and after (BM T1) the application of physiotherapy sessions. The
most affected muscle group was recorded according to the pathology of each patient.

Muscular imbalances, evaluated with the static horizontal pedal system expressed in
similar average values for the right and left lower limb and the highlighting of the differences
between them before (Dif VAM T0) and after (Dif VAM T1) the application of the physiotherapy
sessions were reproduced in Table 9.5.
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For the control group, a 3-minute pedaling with a controlled moderate effort was
performed for evaluation purposes only, unlike the experimental group where pedaling had
both a therapeutic and evaluation role.

Table 9.5 Muscle balance and the highlighting of muscle imbalances - Dif VAM

Subjects | Type | Dif VAM TO Dif VAM T1 BMTO | BMT1 | BM (T1-T0)
1.C.N. c |32 20 4 5 1
2.B.1. C |26 10 4 5 1
Sl C |84 55 2 3 1
4.0.P. Cc |42 25 3 4 1
5.G.V. C |56 32 3 4 1
6.P.E. E |39 12 3 5 2
7AJ. E |43 18 4 5 1
8.LA. E |30 8 3 4 1
9.D.E. E |107 75 2 3 1
10.S.C. E |29 9 4 5 1

VAM = average analog value, BM - muscle balance - MRC units, C-control, E — experiment

9.1.5 Monitoring values of perceived effort (BORG scale) and heart rate during
the application of physiotherapy programs at the level of the control group and the
experimental group

Heart rate reserve as well as recovery training heart rate calculated according to
Karvonen's formula: Target heart rate (FC) = [(Maximum FC - Resting FC) x % Intensity] +
Resting FC (Tudor Sbenghe, 2002, p. 569).

A gradual intensity of 40-60% was proposed, in this way not exceeding the lactate threshold.
Heart rate monitoring was carried out with the Huawei Watch GT 2 Smartwatch according to
Table 9.6, taking into account the phases of rehabilitation — 12 sessions in total, distributed 4
for each of the 3 levels of intensity of the recovery treatment

The maximum heart rate was set as the interval between an upper limit determined as
FCM1 = maximum heart rate 1 = (220-age) and a lower limit determined as FCM2 = maximum
heart rate (215- age *0.66), for each limit calculating target heart rate.

Table 9.6 Heart rate monitoring values

Rehabilitation Phases Phase Phase Phase Phase Phase Phase Phase | Phase | Phase

1.1 1.2 .1 1.2 .1 1.2 1 2 3

FCT1 FCT2 FCT1 FCT2 FCT1 FCT1

Subjects | Type | Age FCR (1=40%) | (1=40%) | (1=50%) | (1=50%) | (1=60%) | (1=60%) FC1 FC2 FC3
1.C.N. C 45 75 115 119 125 130 135 141 118 129 139
2.B.I. C 78 80 102 110 109 122 117 130 105 111 126
3.G.L. C 53 77 112 117 121 129 131 139 115 127 138
4.0.P. C 74 90 103 111 111 128 124 136 110 126 134
5.G.V. C 49 67 113 118 123 125 129 136 116 124 138
6.P.E. E 44 80 115 119 126 133 138 144 116 127 140
7.A.J. E 43 75 116 120 126 131 136 142 118 129 141
8.1.A. E 73 65 104 112 111 116 114 126 106 113 117
9.D.E. E 52 70 112 117 122 125 129 136 114 123 130
10.S.C. E 76 85 103 111 110 125 120 133 105 111 121

FCR= resting heart rate, FCM1 = maximum heart rate (220-age), FCM2 = maximum heart rate (215-age*0.66); C
= control; E = experiment
FCT1= Target heart rate 1= [(Maximum FC 1 — Resting FC) x40% Intensity] + Resting FC) related to the phase 1
(1=40%), 2 (1=50%), 3 (I=60%)
FCT2= Target heart rate 2 = [(Maximum FC 2 - Resting FC) x40% Intensity] + Resting FC) related to the phase 1
(1=40%), 2 (1=50%), 3 (1=60%)
| = Effort Intensity (40%, 50%; 60%); FC 1, 2, 3 = heart rates measured according to the rehabilitation phase

The Borg scale, graded from 1 to 10, reveals the perception of pedaling effort and was
used to establish the initial basic rhythm that corresponds to an intensity level agreed by the
patient, the conditioning being aerobic. For recovery, the level of perceived effort must not
exceed the moderate level: Borg = 4-6, in order not to reach the lactate threshold (Borg, 1982).
In postacute rehabilitation, a maximum score on the Borg scale of 4/10 for dyspnea and fatigue
is recommended according to the post-Covid rehabilitation protocol (EMITENT MINISTERUL
SANATATII, 2021). | note that each patient had at least one mild-to-moderate COVID-19
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episode that did not require hospitalization or oxygen therapy, with eight patients being
vaccinated and two patients not being vaccinated.

Table 9.7 Perceived effort monitoring values (BORG scale)

Subjects | Type | BORG
C.N.
B.l.
G.L.

O.P.
G.V.

P.E.
AJ.
LA

D.E.
S.C.

Z
[e]

ol© | [N |o |u|s (wN=

mim |(m |[m |[m OO0 OO0

WiH (W | | (W (W

The perceived effort was evaluated for the control group and the experimental group after
performing the standard and the proposed physiotherapy program (Table 9.7) during the 12
sessions held over 4 weeks.

9.1.6. Values resulting from the bioimpedance analysis of the subjects

Body composition measurements obtained by bioimpedance used the Amazfit Smart Scale -
Body Composition Analyzer (Declaration of Conformity with directives 2014/53/EU and
2014/65/EU) from the practice's own endowment, using a single frequency of 50 kHz. For each
subject, major body compartments determined as tissue systems were determined,
automatically estimated by linear empirical equations stored in the system memory along with
personal physical data (age, weight, height).

* Exclusion criteria related to bio-impedance measurements included all situations of

alteration of the hydro-electrolyte balance (hepatic, renal, decompensated heart

diseases), acute-contagious infections, subjects wearing pacemakers, people with skin

lesions and pregnant women.

* Inclusion criteria related to bio-impedance measurements targeted any patient with a

medical indication for physical therapy from the specialist doctor; restrict the

consumption of food and liquids for at least 4 hours and alcohol for at least 8 hours

before the test.

* Procedure: subjects in orthostatism with bare feet in contact with the conductive

surface.

Table 9.8 Values resulting from the bioimpedance analysis of the subjects

Subjects | Type | FM (Kg) | SM (Kg) | FFM (Kg) | Water(l) | Protein (Kg) Bone Tissue (Kg)
1.C.N. C 26.22 34.70 59.76 45.11 11.46 3.20
2.B.l. C 16.72 27.30 50.13 36.29 11.14 2.70
3.G.L. C 15.45 19.90 36.25 27.36 6.89 2.00
4.0.P. C 40.08 35.10 60.45 45.60 11.56 3.30
5.G.V. C 33.76 22.50 40.49 30.47 7.43 2.60
6.P.E. E 17.78 21.80 39.19 29.57 7.23 2.40
7.AJ. E 33.92 36.20 62.15 46.98 11.77 3.40
8.LA. E 30.23 22.30 39.91 30.16 7.25 2.50
9.D.E. E 24.10 31.70 54.90 41.45 10.45 3.00
10.S.C. E 24.99 19.20 34.92 26.41 6.51 2.00

FM = adipose tissue, SM = skeletal muscles, FFM = Non-adipose tissue;

The values resulting from the bio-impedance analysis of body composition highlighted
adipose tissue (FM), skeletal muscles (SM), non-adipose tissue (FFM), the amount of protein
and bone tissue, expressed in kilograms and the amount of water expressed in liters for all
patients included in the study according to Table 9.8.

Following the statistical analysis of these indicators, a risk profile was established for
each subject, followed by an individualized dosage of the therapeutic exercise.
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CHAPTER 10 CONCLUSIONS PART Il

The conclusions, which were grouped according to the measured parameters and
statistical interpretations, were presented in the published study on the comparative study of
the effectiveness of motor rehabilitation of the lower limbs using a static horizontal bicycle
versus standard rehabilitation programs (Murgoci, 2022a).

10.1. General characteristics
1. The control group and the experimental group each included five subjects with the
following general characteristics:

- Relatively homogeneous age groups in both the control group and the experimental
group: age group 40-49 years - 40% (two subjects), age group 50-69 years - 20% (one subject)
and age group >70 years - 40% (two subjects) — Figure 10.1;

AGE GROUPS (%)

>70 a.

, 40-49 a.
40% 4

40%

50-69 a.
20%

Figure 10.1 Age groups (%)
The control group had a mean age of 58.67+11.67 years, a mean of 53 years compared to the
mean age of the experimental group of 56.67+12.14 years, a mean of 52 years — Figure 10.2.

Age (years)

80
70

60
50
40
30
20
: 3 i
0

Median C Median E Average Average Std. Dev. Std. Dev.
(n=5) (n=5) C(n=5) E(n=5) C(n=5) E (n=5)
mAge 53 52 58.67 56.67 11.67 12.14

Figure 10.2 Age (years) - comparison between control (C) and experimental (E) group
- The control group according to gender includes two women -40% (one subject
belonging to the group 40-49 years old and one subject belonging to the group 50-69 years

old) and three men - 60% (one subject belonging to the group 40-49 years old and two subjects
>70 years)— Figure 10.3;
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The control group according to gender
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50-69 ‘
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Figure 10.3 The control group according to gender (B- men, F-women)

- The experimental group according to gender includes 3 women - 60% (one subject
belonging to the 40-49 years old group and two subjects >70 years old) and 2 men - 40% (one
subject belonging to the 40-49 years old group and one subject belonging to the group 50-69
years)- Figure 10.4;

The experimental group according to

gender
5 >70
50-69
\ !
‘ ‘ ' 40-49 | |
uB F

Figure 10.4 The experimental group according to gender (B- men, F-women)

- IMC (BMI) of the control group: 40% of the subjects have normal weight (one subject
belonging to the 50-69 years group and one subject >70 years), 20% are overweight (one
subject belonging to the 40-49 years group) and 40% obese (one subject belonging to the 40-
49 years group and one subject >70 years) — Figure 10.5;

Control group — IMC (%)

20%
20% l

40-49 a. 50-69 a. >70 a.

40%
30%
20%
10%

0%

m Overweight m Obesity = Normal

Figure 10.5 Control group — IMC (%)

- IMC (BMI) of the experimental group: 20% of the subjects have normal weight (one
subject belonging to the 40-49 years old group), 60% are overweight (one subject belonging
to the 50-69 years old group and two subjects >70 years old) and 20% obese (a subject related
to the 40-49 age group) — Figure 10.6.
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Experimental group — IMC (%)
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u Overweight mObesity = Normal

Figura 10.6 Experimental group — IMC (%)
- IMC (kg/m2) - BMI (kg/m2) for the control group recorded a mean of 28.17+4.50, a
median of 27.93 compared to the mean of the experimental group of 27.32+2.94, a mean of
27.80— Figure 10.7.

IMC (kg/m2)

40.00
35.00

30.00
25.00
20.00

15.00
10.00

500 ﬁ [
0.00 = 1
-5.00 . .

Median C  Median E Average C Average E Std. Dev. Std. Dev.

(n=5) (n=5) (n=5) (n=5) C (n=5) E (n=5)
=|MC  27.93 27.80 28.17 27.32 4.50 2.94

Figure 10.7 IMC (Kg/m2) — comparison between control and experimental group

2. The Spearman correlations at the level of the control group and the experimental group
highlighted:
- at the level of the control group, a strong negative association between the male gender and
the Adipose FMI somatotype, as well as with the Intermediate FFMI somatotype and a strong
positive association between the Adipose FMI somatotype and the Intermediate FFMI
(p<0.001, CI = 99%).
- at the level of the experimental group, they highlighted a strong positive association between
the Adipose somatotype (FMI) and the Overweight IMC (p<0.001, CI = 99%).
3. The T-test applied to the analyzed somatotypes were statistically relevant for both
groups. The ANOVA according to the FMI somatotype (dependent variable) in the control
group and the experimental group showed a p= 0.029, the effect size = 0.515, that is, in 51.5%
of the total subjects, the weight of adipose tissue significantly influences the IMC (BMI) value.
In the experimental group, pedaling program A (27 minutes) — one subject, B (31 minutes)
— three subjects and C (35 minutes) was applied to one subject, in correlation with the
somatotype of each patient and the associated risk.

4. Sarcopenia was not identified in the patients from the preliminary experimental
research based on bio-impedance depending on the age groups and gender, instead the
adipose somatype represents an important risk factor for all the analyzed age groups.
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10.2. Pain assessment

1. The parametric test z (t) for the mean of the control group, respectively of the
experimental group
- The conclusion of the z (t) test applied to the control group (N=5) shows that the average of
the research sample differs significantly from the average of the standard population (average
= 5.60, std.dev. = 1.140, standard error of the average = 0.510), the results of the statistical
test being expressed by t=10.983, df = 4, p=0.000, statistically relevant result.
- The conclusion of the z (t) test applied to the experimental group (N=5) shows that the
average of the research sample differs significantly from the average of the standard
population (average of 5.40, std.dev. = 1.140, standard error of the average=0.510), the test
results statistically being expressed by t=10.590, df =4, p=0.000, statistically relevant result —
Figure 10.8.

i Parametric test z (t) for the control/experimental group VAS

TO mean
10
8
6
4
2
0
(n=5, p= 000 Cl =95%) E (n=5, p .000, CI =95%)
u Averaget Std. dev.(1.140) mtest z (1)

Figure 10.8 Parametric test z (t) for the control/experimental group mean

2. The T-test for paired samples allows the evaluation of the significance of the
variation of the VAS, in the same subjects, in two different situations: before and after the
rehabilitation program.

- Statistically, the standard rehabilitation program had relevance, the observed difference
between the VAS averages before and after the rehabilitation program is 2.2, the T-test value
is 5.880 for the p < .004 threshold, so there is an effect of the standard rehabilitation program
on the control group;

- Statistically, the proposed experimental rehabilitation program was relevant, the observed
difference between the VAS averages before and after the rehabilitation program is 3.4, the
value of the T test is 8.550 for the p < .001 threshold, so there is an effect of the experimental
rehabilitation program on the experimental,

Comparatively, the threshold of p < .001 for the experimental group has a higher
relevance than the threshold of p < .004 for the control group — Figure 10.9

T-test for paired samples pain assessment

8,500
5,880 J)
10.000 0.004
- 4 P
5.000 2,200 3,400 t
' |
m
0.000
c E
m t p

Figure 10.9 T-test for paired samples
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3. The sign test or the Z test or the Wilcoxon test, used to test the differences between the
values showed a greater significance for the experimental group 0.039 versus 0.041 the control
group related to the VAS (p<0.05)- Figure 10.10.

Wilcoxon Test Statistics - VAS

§ 0.039
206 I VAS T VASTO\y

Ep EZ

Figure 10.10 Wilcoxon test for paired samples
10.3 Joint Testing

1. The Wilcoxon test for two paired samples reveals statistical significance for both
programs, each applied to groups of independent patients (p=0.042 for the control group,
respectively p=0.043 for the experimental group)- Figure 10.11.

Wilcoxon Test -BA

[l 0.043

2023 S BT BAT Oy

[ 0.042

2032 [ S EAT AT Oy

-2.5 -2 -1.5 -1 -0.5 0 0.5
up uZ

Figure 10.11 Wilcoxon test for two paired groups

2. T-test for independent paired groups

The result of the t-test highlights the confirmation of the research hypothesis, namely
the fact that the proposed physical therapy program is more effective than the standard one at
TO (mE = 41.20 vs. mC = 50) and T1 (mE = 62.20 vs. mC = 63). Due to the variability of
measurements at the level of three different joints and various pathologies, the T-test for paired
samples is not conclusive.
3. T-test for dependent paired samples

- There is an effect of the standard rehabilitation program on the improvement of the
joint balance values of the control group, the observed difference between the means is -13,
the T test value is -11.402 for the p < .000 threshold.

- There is an effect of the proposed rehabilitation program on the improvement of the

articular balance values of the experimental group, the observed difference between the
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means is -21, the T test value is -10.127 for the p < .001 threshold — Figure 10.12.

T-test for dependent paired samples - BA

0.000 0.001
5.000 e e
0.000
-5.000 m t P
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-11.40210-127

-21.000
C E

Figure 10.12 T-test for dependent paired samples

10.4. Muscle balance

1. Analysis of muscle imbalances with control bars — analog values transmitted by
sensors reveals:

- in the control group an average of 48 average analogue values in absolute value,
which was reduced to 28.4 average analogue values after the standard physiotherapy
program, the difference being 19.6 units.

- in the experimental group, an average of 49.6 average analog values in absolute
value, which was reduced to 24.4 average analog values in absolute value after the proposed

physical therapy program, the difference being 25.2 units.
VAM muscle imbalance analysis with control bars
120
100

[e)
o

VAM muscle imbalance
(absolute values)
N [en)
o o

N
o

o

Figure 10.13 VAM muscle imbalance analysis with control bars

Therefore, there was a 28.5% [(25.2-19.6)/19.6]* 100 reduction of muscle imbalances
associated with the lower limbs with the proposed physical therapy program compared to the
standard program, so the proposed rehabilitation program with the static horizontal pedal
board was more efficient with 28.5% compared to standard therapy — Figure 10.13.

2. The analysis of muscle balance in MRC units reveals:

- in the control group an average of 3.2 MRC, which improved to 4.2 MRC after the
standard physiotherapy program, the difference being 1 MRC unit.

- in the experimental group, an average of 3.2 MRC, which improved to 4.4 MRC after
the proposed physical therapy program, the difference being 1.2 units.
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Muscle balance analysis (MRC) with control bars
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Figure 10.14 Muscle balance analysis (MRC) with control bars

Therefore, there was a 20% [(1.2-1)/1]* 100 improvement in muscle imbalances
associated with the lower limbs with the proposed physical therapy program compared to the
standard program — Figure 10.14.

3. Paired-samples T-test applied to muscle imbalances expressed as the difference
in mean analog values between the intact and the affected lower limb

- there is an effect of the standard rehabilitation program on the improvement of muscle
imbalances related to the lower limbs of the control group, the observed difference between
means being 19.6, the T-test value is 6.441 for the p < .003 threshold, it denotes statistical
significance;

- there is an effect of the proposed rehabilitation program on the improvement of
muscular imbalances related to the lower limbs of the experimental group, the observed
difference between means being 25.2, the T-test value is 12.096 for the p < .000.

Threshold, it denotes statistical significance, greater significance for the experimental
group 0.000 versus 0.003 control group related to muscle imbalances — Figure 10.15.

Paired samples T-test — Muscle imbalances
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Figure 10.15 Paired samples T-test — Muscle imbalances

4. The Wilcoxon test for two paired samples reveals statistical significance for both
programs, each applied to groups of independent patients p <0.05, respectively 0.043 for the
standard and the experimental program - Figure 10.16.

Wilcoxon Test - DM
0.043
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Figura 10.16 Wilcoxon Test - DM
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10.5. Heart rate monitoring
Descriptive statistics showed that the measured values (mean/median) during the
rehabilitation programs were below the target heart rate values calculated using Karvonen's
formula according to the rehabilitation phases for both tested groups, maintaining the effort at
an aerobic level.

10.6. Measuring perceived exertion

Both rehabilitation programs kept the same perceived level on a scale from 0 to 10,
with an average of 3.6 Borg, which corresponds to a moderate, not very intense level — Figure
10.17.

Mean value of perceived effort — control group versus experimental group

4.5
4 4
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Figure 10.17 Mean value of perceived effort — control group versus experimental group

The conclusion is that the rehabilitation program that included the horizontal stationary
bicycle achieved better results in terms of pain control and correction of muscle imbalances
related to the lower limbs, with the mention that both programs recorded statistically significant
results in terms of functionality.

The final conclusion is that the proposed physical therapy program involving the static
horizontal pedal board has proven its efficiency according to the applied statistical tests - Table
10.1 and in accordance with the objectives related to the rehabilitation protocol and working
hypotheses.

Table 10.1 Conclusions Part I

C n=5, 3B, 2F, Average age 58.67 + 11.67, IMC (kg/m?) average 28.17+4.50
2 subjects-40% 40-49 a, 1 subject - 20% 50-69 a, 2 subjects —40% >70 a
E n=5, 2B, 3F, Average age 56.67 £ 12.14, IMC (kg/m?) average 27.32+2.94
2 subjects -40% 40-49 a, 1 subject - 20% 50-69 a, 2 subjects —40% > 70 a
Monitoring values: perceived effort 3.6 Borg, RC < RCT (C/E)

Conclusions Assessements VAS Joint Testing Muscle Imbalances
Statistics p<.05 Cl 95% C E C E C E

Test for two paired samples (p) | .004 | .001 | .042 .043 .003 .000

Wilcoxon test (p) .041 | .039 | .000 .001 .043 .043
Correlation index (r) 0.990 | 0.997

Formulation of recommendations and proposals for the final research following
the results of the preliminary experimental research:
- As much as possible the inclusion of more participants in the final research;
- Evaluation of the quality of life through a validated questionnaire and the statistical
interpretation of its results.
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PART Il CONTRIBUTIONS TO THE IMPROVEMENT OF
QUALITY OF LIFE USING THE REHABILITATION
PROGRAM DESIGNED FOR THE BUILT STATIC

HORIZONTAL PEDAL COMPARISON WITH A
STANDARD PROGRAM - FINAL RESEARCH

CHAPTER 11 GENERAL METHODOLOGICAL FRAMEWORK OF
THE FINAL RESEARCH

11.1. The premises of the final research

Premises considered as a starting point in carrying out the final research:

- the stationary horizontal pedal system offers the possibility to approach a variable range
(minimum - maximum) of the amplitude of movement depending on the individualized program
of each patient starting from their pathology;

- the antigravity supine position allows a movement that favors the remission of Celsius
signs (dolor, calor, turgor, rugor) and functional impotence, contributing to the proper
rehabilitation of the lower limbs;

- the recording of transmitted analog values allows the timely correction of muscular and
alignment imbalances of the lower limbs;

- the complex system approaches triple flexion/extension simultaneously in
interdependence in order to make neuromotor rehabilitation more efficient;

- the rehabilitation program is based on the somatotype of each patient to dose the effort,
depending on the body composition (AmazFit).

11.2. Final research objectives

The objectives of the actual (final) research are represented by:

- use of appropriate methods for evaluating the functional deficit and the need for
therapeutic intervention;

- development of original recuperative intervention strategies based on the basic
pathology, body composition and comorbidities of the patient;

- highlighting the role of the kinetic chain of the triple flexion/extension related to the lower
limbs in postural stability, facilitating ambulation, reducing the number of immobilization days;

- identification of recuperative elements specific to pathologies, somatotype and age of
the patients, which lead to increasing the efficiency of the implemented protocol strategy;

- establishing the relationship between the application of the recovery protocols and the
functional results obtained (initial and final testing);

- the identification of objective and subjective evaluation tools for the evaluation of the
quality of life following the application of the standard and proposed recovery protocol.

11.3. The purpose of the final research

The purpose of the final research is to verify the effectiveness of the proposed
rehabilitation programs compared to the standard ones, adapted according to the pathology,
somatotype, comorbidities, applied with the help of the stationary horizontal pedal board
designed and built for the rehabilitation of the lower limbs and to determine their impact on the
quality of life.
11.4. Final research tasks

The tasks of the final research established in accordance with the objectives proposed
at this level are as follows:
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- Establishing the strategy for conducting the final research and drawing up the
organization plan for the final research by stages;

- Formulation of the premises and hypotheses of the final research;

- Selection of subjects who participate in the final research in accordance with their
informed consent and the rules of professional ethics;

- Establishing the inclusion criteria, the exclusion criteria and the framework of specific
evaluation means and processes, the work observations depending on the pathology and the
particularities of application depending on the associated pathologies;

- Establishing the final research methods;

- Initial evaluation of the subjects included in the research using computerized
technologies - sensors for highlighting muscular imbalances with a diagnostic and therapeutic
feedback role, monitoring parameters - determination of body composition, stability score,
heart rate and classic instruments - anamnestic data, effort scales, pain perception scales,
before the implementation of the standard and proposed medical rehabilitation protocol, using
a static horizontal pedal board;

- Conception of the medical rehabilitation protocol and its application;

- Elaboration of rehabilitation programs using stationary horizontal pedals, adapting the
structure of the exercise program according to degrees of difficulty depending on the risk profile
of the patients and their comorbidities;

- The final evaluation of the subjects at the end of the final research using the battery
of tests used in the initial evaluation, the application of the quality of life test;

- Data centralization;

- Analysis, processing and statistical-mathematical, graphic and medical interpretation
of the results regarding the measurements performed and the quality of life;

- Highlighting the conclusions of the final research.

11.5. Final research hypotheses

The final research hypotheses are as follows:

1. The medical rehabilitation process can be made more efficient by using the static
horizontal pedal system (the efficiency indicators used were the statistical interpretations
related to the increase in the amplitude of joint movement, the recovery of muscle strength,
the reduction of pain, the control of heart rate and effort);

2. Deconditioning can be avoided by applying the rehabilitation protocol using static
horizontal pedals;

3. The quality of life can increase as a result of treatment compliance and the
effectiveness of the proposed rehabilitation protocol.

11.6. Subjects and place of the final research

The final research was carried out at the patients' home in accordance with the medical
credentials of the free practice cabinet for public activities related to the medical act - Murgoci
I. Nicolae - Individual Practice Cabinet - Physiotherapy, registered in the Single Register of
Medical Cabinets - part 3 of The Directorate of Public Health of Galati County under no. 096732
/149 of 11.03.2016 (Annex no. 7), according to internal decision no. 32/20.10.2021, valid for
all works and studies carried out for the preparation of the doctoral thesis.

11.7. Final research stages

The stages of the final research took place as follows:
- The start of the final research — elaboration of premises, objectives, research
hypotheses: July 2022
- Initial assessment: 2 April - June 2022 (TO — T2-10 patients), August — September
2022 (14 patients): pain assessment with the visual analog scale, establishing the
patient's riskogram by bioimpedance, joint balance - goniometry, muscle balance -
MRC units and assessment of muscle imbalances, expressed in the difference in
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average analog value between the lower limbs, cardiac reserve, assessment of
perceived effort with the Borg scale;

- Final assessment: October 2022 — February 2023 - pain assessment with the visual
analogue scale, establishing the patient's riskogram by bioimpedance, joint balance -
goniometry, muscle balance - MRC units and assessment of muscle imbalances,
expressed in the difference in average analogue value between the lower limbs,
reserve cardiac, assessment of perceived effort with the Borg scale, collection of
results following the application of the standard and proposed rehabilitation programs
for eight weeks for each patient;

- Testing the quality of life questionnaire RAND SF-36: V2 April - June 2022 (TO - 10
patients), August - September 2022 (TO - 14 patients), September 2022 - February
2023 (T2 - 24 patients);

- Data centralization and processing: March 2023;

- Drafting, issuing conclusions April 2023 - May 2023;

- Handing in the final paper: May 2023, in order to submit the doctoral thesis.

11.8. Evaluation of the subjects

The evaluation of the subjects followed the steps from Part Il of the work CHAPTER 6, point
6.8., to which was added the performance of the SF-36 quality of life test, the statistical analysis
of its results and linear regression tests (beta coefficient) intercorrelated with the battery of
functional and monitoring tests for the interpretation of the results.
In order to determine the changes in the quality of life, a generic instrument for quantifying the
state of health was used - the Short Form 36 Questionnaire (SF-36), developed by the New
England Medical Center within the Medicul Outcomes Study (Annex no. 4). This model
includes 36 questions and eight scales that aggregate the items into two generic concepts:

- Physical — includes the scales - physical functioning, bodily pain, role limitations due to
physical health problems and general health perceptions

- Psychological — includes the scales - role limitations due to personal or emotional
problems, emotional well-being, social functioning, energy/fatigue, changes in health status
(rand.org, 2022; John E. Ware & Sherbourne, 1992).

The RAND 36-Item Health Survey (Version 1.0) addresses eight health concepts: physical
functioning, bodily pain, role limitations due to physical health problems, role limitations due to
personal or emotional problems, emotional well-being, social functioning, energy /fatigue and
general health perceptions. Additionally includes an article on perceived change in health
status (Hays RD, 1992; Ware JE Jr, 1992).

Scoring the RAND 36-ltem Health Survey is a two-step process. First, the precoded
numeric values are recoded according to the default scoring key. All items are scored such
that a high score defines a more favorable state of health. In addition, each item is scored on
a range from 0 to 100, such that the lowest and highest possible scores are 0 and 100,
respectively. Scores represent the percentage of the total possible score obtained. In step 2,
items from the same scale are quantified together to create the 8 scale scores. Therefore, the
scores represent the average of all items on the scale for which the respondent ticked the
answer. Information about the reliability, central tendency, and variability of the scales using
this method denotes the safety of its use (Anita L. Stewart, 1992; Hays RD, 1992; John E.
Ware & Sherbourne, 1992).

Originally published in 1992 in Medical Care, the 36-item Health Survey Short Form
(SF-36) generically assesses quality of life. The presented version is known as the RAND SF-
36 which covers eight health domains: physical functioning (10 items), bodily pain (2 items),
role limitations due to physical health problems (4 items), role limitations due to personal
problems or emotions (4 items), emotional well-being (5 items), social functioning (2 items),
energy/fatigue (4 items) and general health perceptions (5 items). Scores for each domain
range from 0 to 100, with a higher score defining a more favorable state of health. SF-36 —
OrthoToolKit was used to quantify the results.
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CHAPTER 12. MEDICAL REHABILITATION RELATING TO THE
CONTROL GROUP AND THE EXPERIMENTAL GROUP FOR THE
PURPOSE OF AMBULATION FACILITY

12.1. Presentation of the subjects and the results of the evaluations of the
control group and the experimental group
12.1.1. Presentation of the subjects and their specific demographic characteristics

The control group and the experimental group included 12 subjects each, and to
preserve the homogeneity of the study, 24 patients with similar basic impairment were selected
from 52 patients to respect the principle of data comparability - Table 12.1.

Each group contains 2 patients with coxo-femoral joint damage, 2 patients with stroke,
5 patients with knee joint damage and 3 patients with ankle joint damage. All patients included
in the study had a mild to moderate episode of COVID-19 that did not require hospitalization

or oxygen therapy.

The rehabilitation program lasted 8 weeks with a frequency of 3 times a week, in total

24 sessions (50 min/session).

Tabelul 12.1 Presentation of the subjects

No Diagnostic T | CIE | Subjects | Age | Gender G | IMC IMC Result
1 Right coxarthrosis, Lumbosciatica T1 C C.N. 45 M 90 1.79 27.93 | Overweight
2 | Left ankle postfracture status T1 E P.E. 44 F 59 1.64 22.03 | Normal
3 | Right coxarthrosis, L4-L5 disc herniation stage Il T1 E AJ. 43 M 99 1.74 32.57 | Obesity

Rheumatoid polyarthritis, coxarthrosis, gonarthrosis,

4 | HTAE stage 2, hypothyroidism, dyslipidemia T1 E I.A. 73 F 73 1.60 28.32 | Overweight

5 | Left ankle post sprain status T1 C B.l. 78 M 70 1.70 24.10 | Normal
Left medial meniscus injury - rupture of the vascular

6 | area T2 Cc V.1 40 F | 58.85 1.69 20.61 | Normal
Gonarthrosis grade 2, BIT proximal tendinopathy,

7 | rickets sequelae, left genu valgum, scoliosis T2 E P.C. 50 M 89 1.84 26.24 | Overweight
Severe disease (achile tendon traction apophysitis),
rickets sequelae, bilateral ankle valgus genu,

8 | scoliosis T2 C B.A. 38 F | 48.50 1.75 15.84 | Overweight

9 | Right knee meniscus tear T2 E C.R. 39 M 74 1.76 23.81 | Normal
Injury - grade 2 dislocation extraarticular medial

10 | collateral ligament T2 E I.N. 42 M 88 1.80 27.28 | Overweight
Distal BIT tendinitis, bilateral flat tip, rickets

11 | sequelae T2 C A.M. 38 M | 53.90 1.70 18.65 | Normal
12 | Ischemic stroke, left hemiplegia T1 C G.L. 53 F 54 1.58 21.57 | Normal
13 | Gonathrosis, Dyslipidemia, HTAE stage 3 T1 C O.P. 74 M 104 1.68 36.88 | Obesity

Right coxarthrosis, Disc herniation stage Il L4-L5,
14 | lumbago, dyslipidemia, HTAE stage 2 T2 C M.T. 66 F | 80.90 1.60 31.60 | Obesity
15 | Ischemic stroke, left hemiparesis T1 E D.E. 52 M 88 1.78 27.80 | Overweight
Ischemic stroke, dysarthria, mixed aphasia, right
16 | hemiplegia, HTAE stage 3, dyslipidemia T2 E R.D. 53 F 106 1.64 39.50 | Obesity
Postfracture status open, reduced with
17 | osteosynthesis, left tibia and fibula T1 C G.V. 49 F 82 1.64 30.60 | Obesity
Status after multiple fractures: left femur 1/2
diaphysis, greater trochanter and acetabulum, left
clavicle fracture, left humerus, DZ type |, BCR stage
IV, amaurosis left eye, operated cataract right eye,
parathyroidectomy, angioplasty with 3 stents,
18 | cardiomegaly T2 E I.D. 31 F 51 1.56 21.10 | Normal
Patellar tendinitis, LIP tear after car accident (board
19 [ injury) T2 E N.C. 34 M 70 1.68 24.77 | Normal
20 | Right ankle postluxation status T1 E S.C. 76 F 70 1.66 25.40 | Overweight
21 | LIA injury — tear, fracture Second T2 C P.M. 46 M | 87.75 1.80 27.30 | Overweight
Status post uncemented total hip prosthesis,

22 | cervical pain, lumbar discopathy T2 E B.C. 60 F 91 1.58 36.61 | Obesity

23 | Lumbargia, prepatellar bursitis T2 C D.N. 32 M | 57.00 1.79 17.79 | Overweight
Ischemic stroke, left hemiparesis, left femoral neck

24 | fracture, status post left knee prosthesis T2 N.A. 58 M | 85.90 1.79 26.81 | Overweight

BIT =iliotibial band; HTAE = essential hypertension; BCR = chronic kidney disease; LIP = posterior cruciate ligament; LIA= anterior
cruciate ligament; AVC = stroke; T= evaluation time interval; T1 = subjects who were also part of the initial experimental group
(evaluation after 4 weeks); T2= final experiment (after 8 weeks); C= control group; E = experimental grup; M= man; F = woman;
G= weight; I=height; IMC = BMI = body mass index;
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The presentation of the subjects included, in addition to the main diagnosis and
associated comorbidities, the type of patient coded with C or E depending on the control group
or the experimental group, age, gender and interpretation of the body mass index.

12.1.2. Evaluation of pain before and after the application of physiotherapy programs
at the level of the control group and the experimental group

The interpretation of the results of the visual analog scale of pain by numerical
association respected the following standardization: 0- no pain, 1-3 mild pain, 4-7 moderate
pain, 8-10 severe pain. The moment TO was considered the one before the start of the recovery
therapy and the moment T2 after eight weeks of applying the recovery program related to the
control group, respectively the experimental group according to Table 12.2.

Tabelul 12.2 Evaluation of pain before and after the application of physiotherapy programs at
the level of the control group and the experimental group

No Type | Subjects | VAS TO VAS T2
1 Cc C.N. 6 1
2 Cc B.l. 5 2
3 Cc G.L. 4 0
4 Cc O.P. 6 1
5 Cc G.V. 7 2
6 Cc V.1 6 1
7 Cc B.A. 4 1
8 Cc AM. 5 2
9 Cc M.T. 7 3
10 Cc P.M. 6 1
11 Cc D.N. 5 1
12 Cc N.A. 6 2
13 E P.E. 6 0
14 E AJ. 7 1
15 E LA 5 2
16 E D.E. 4 0
17 E S.C. 5 0
18 E P.C. 6 2
19 E C.R. 5 1
20 E I.N. 4 0
21 E R.D. 5 1
22 E I.D. 7 2
23 E N.C. 5 0
24 E B.C. 5 1

C - control; E - experiment

12.1.3 Joint balance - goniometry before and after the application of the physiotherapy
programs at the level of the control group and the experimental group

The articular balance (BA) performed by goniometry before and after the application of
the physiotherapy programs at the level of the control group and the experimental group
concerned the coxo-femoral joint (CF), the knee joint (G) and the ankle joint (GZ) related to
the left affected limb or right depending on the pathology. Flexion was evaluated for the hip
and knee joint and both flexion and extension for the ankle. Gained range of motion was
assessed separately as the difference between time T2 and time TO. For each patient, the
most affected joint(s) was marked in degrees, according to Table 12.3.

Tabelul 12.3 Joint balance - goniometry before and after the application of the physiotherapy

programs at the level of the control group and the experimental group (degrees)

BA BA BA BA BA

CF | BAG | BAGZ | BAGZ | BA | BAG | BAGZ [ BAGZ | CF G GZF | GZE
Subiecti | tip [ TO T0 F T0 ETO |CFT1 | T FT1 ET1 T2 T2 T2 T2
1.C.N. © 60 100 15 35 75 120 19 45 85 125 20 50
2.B.l © 85 120 5 34 90 130 1 40 90 130 17 45
3.G.L. © 40 80 3 27 60 100 7 32 70 110 14 35
4.0.P. © 75 75 10 43 85 90 15 49 85 105 17 50
5.G.V. © 75 90 8 38 90 110 16 44 90 120 19 47
6.V.l. © 85 55 20 35 90 75 20 45 90 115 20 47
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7.B.A. C 75 95 10 15 80 115 15 25 85 120 17 35
8.A.M. C 60 85 15 35 75 95 17 40 85 115 19 45
9.M.T. C 55 65 10 25 72 85 15 35 80 110 17 42
10.P.M. C 60 35 7 22 71 50 12 27 78 82 16 43
11.D.N. C 52 56 15 32 65 72 15 37 81 98 17 46
12.N.A. C 35 25 3 10 42 45 7 15 55 65 15 23
13.P.E. E 90 110 6 23 90 120 13 43 90 125 16 49
14.AJ. E 55 95 12 32 78 125 17 42 82 128 18 46
15.1.A. E 45 55 5 28 55 70 10 36 66 85 15 46
16.D.E. E 35 75 3 29 60 92 8 42 72 100 11 45
17.S.C. E 80 115 4 31 90 125 11 46 90 130 17 49
18.P.C. E 42 45 13 29 58 62 15 32 71 105 17 42
19C.R. E 75 35 15 38 80 55 17 42 90 125 20 50
20.1.N. E 62 47 12 35 75 65 15 42 90 115 19 47
21.R.D. E 35 42 3 10 55 56 7 15 65 72 11 24
22.1.D. E 32 67 10 20 57 86 15 32 75 92 17 41
23.N.C. E 65 37 12 26 70 45 15 37 85 109 19 46
24B.C. E 55 72 2 15 65 89 12 25 72 92 15 38

C= control group; E = experimental group; BA = joint testing; CF = coxo-femoral joint; G = knee; Gz = ankle

12.1.4. Muscle balance before (T0) and after (T2) the application of physical therapy
programs at the level of the control group and the experimental group and the
highlighting of muscle imbalances between the left and right lower limb

The muscle balance tests a relative maximum force at a given moment with the manual
muscle testing method - the MRC Medical Research Council scale with 6 levels (0-5) for each
muscle group of the lower limb. Thus, thigh flexion, knee extension, dorsiflexion/ankle
extension were recorded before (BM T0) and after (BM T2) the application of physiotherapy
sessions for 8 weeks. In Table 12.4, the most affected muscle group was recorded according
to the pathology of each patient.

Muscular imbalances were evaluated with the static horizontal pedal system and
expressed in similar average values for the right and left lower limb. The differences between
the lower limbs before (Dif VAM T0) and after (Dif VAM T2) were highlighted. For the control
group, a 3-minute pedaling session was performed with a controlled moderate effort for
evaluation purposes only, in contrast to the experimental group where pedaling had both a
therapeutic and evaluation role.

Tabelul 12.4 Muscle balance before (T0) and after (T2) the application of physical therapy
programs at the level of the control group and the experimental group and the highlighting of
muscle imbalances between the left and right lower limb

Nr,crt | Subiecti| BMTO[ BMT1 [ BMT2 | Dif VAMTO [ Dif VAMT1 | Dif VAM T2
1 C.N. 4 5 5 32 20 15
2 B.I. 4 5 5 26 10 5
3 G.L. 2 3 4 84 55 32
4 O.P. 3 4 5 42 25 19
5 G.V. 3 4 5 56 32 9
6 V.1 3 5 35 19
7 B.A. 3 5 55 36
8 AM. 4 5 62 32
9 M.T. 3 4 72 36
10 P.M. 4 5 56 29
11 D.N. 4 5 36 17
12 N.A. 2 3 89 42
13 P.E. 3 5 5 39 12 7
14 AJ. 4 5 5 43 18 11
15 LA. 3 4 5 30 8 5
16 D.E. 2 3 4 107 75 41
17 S.C. 4 5 5 29 9 4
18 P.C. 4 5 62 12
19 CR. 3 5 59 7
20 I.N. 4 5 47 10
21 R.D. 2 4 92 36
22 1.D. 4 5 83 46
23 N.C. 4 5 55 23
24 B.C. 3 5 48 31

Remark - Patients (N=10) who were included in the experimental program are marked in gray. Later, the 14
patients were included in the final study.
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12.1.5 Monitoring values of perceived effort (BORG scale) and heart rate during the
application of physiotherapy programs at the level of the control group and the
experimental group

The heart rate reserve as well as the target heart rate according to the recovery
program used Karvonen's formula: Target heart rate (FC) = [(Maximum FC - Resting FC) x %
Intensity] + Resting FC (Tudor Sbenghe, 2002, p. 569).

A gradual intensity of 40-60% was proposed, in this way not exceeding the lactate
threshold.

Heart rate monitoring was performed with the Huawei Watch GT 2 Smartwatch
according to Table 12.5, taking into account the phases of rehabilitation — 24 sessions in total,
distributed 4 for each of the 3 levels of intensity of the recuperative treatment for the first month
of rehabilitation and maintaining the maximum intensity of pedaling in the last month with the
progressive resumption of daily tasks.

Maximum heart rate was set as the interval between an upper limit determined as
FCM1 = maximum heart rate 1 = (220-age) and a lower limit determined as FCM2 = maximum
heart rate 2 = (215- age *0.66), for each limit calculating the control target vardiac frequency.

Chronotropic deficit - DC % = Chronotropic deficit % = [(Pmxt- Pmxef)/
Pmxt]*100 (Tudor Sbenghe, 2002, p. 569) represents an important index to determine the
actual maximum heart rate recorded during exercise and its relative value to the theoretical
maximum heart rate for the patient's age. Depending on the pedaling intensity, the reduction
must increase so that the contraction power of the cardiac muscle reaches the theoretical
potential, under the conditions of maintaining the aerobic effort.

Table 12.5 Heart rate monitoring values during the application of physical therapy

programs at the level of the control group and the experimental group
FC FC FC

FCM | FCM | FCT2 FCT2 FCT2 DC DC Decreasing
Subjects | V | FCR | 1 2 (1=40%) | (1=50%) | (1=60%) 1 2 3 1 2 DC DC
1.C.N. 45 | 75 | 175 | 185 119 130 141 118 | 129 | 137 | 31.93% | 25.63% | 21.71% 10.22%
2.B.l 78 | 80 142 | 164 110 122 130 105 | 111 | 126 | 22.25% | 14.25% | 11.27% 10.98%
3.G.L. 53 | 77 | 167 | 180 117 129 139 115 | 127 | 137 | 29.94% | 23.05% | 17.96% 11.97%
4.0.P. 74 | 90 146 | 166 111 128 136 110 | 126 | 134 | 23.65% | 12.27% 8.22% 15.44%
5.G.V. 49 | 67 | 171 | 183 118 125 136 116 | 124 | 133 | 30.96% | 27.00% | 22.22% 8.73%
6.V.l. 40 | 72 180 | 189 120 130 142 118 | 125 | 139 | 33.09% | 27.61% | 22.78% 10.31%
7.B.A. 38 | 69 182 | 190 121 129 142 119 | 127 | 140 | 33.53% | 28.87% | 23.08% 10.46%
8.A.M. 38 | 75 | 182 | 190 121 132 144 120 | 129 | 139 | 33.53% | 27.22% | 23.63% 9.91%
9.M.T. 66 | 68 154 | 171 114 120 130 111 | 115 | 124 | 26.25% | 22.26% | 19.48% 6.77%
10.P.M. | 46 | 81 | 174 | 185 119 133 143 117 | 130 | 139 | 31.69% | 23.67% | 20.11% 11.58%
11.D.N. 32 | 65 188 | 194 123 129 142 121 | 125 | 138 | 34.81% | 31.15% | 26.60% 8.22%
12.N.A. 58 | 76 162 | 177 116 126 136 114 | 123 | 133 | 28.59% | 22.00% | 17.90% 10.69%
13.PE. | 44 | 80 | 176 | 186 119 133 144 116 | 127 | 141 | 32.17% | 24.44% | 19.89% 12.28%
14.AJ. 43 | 75 177 | 187 120 131 142 118 | 129 | 141 | 32.40% | 26.10% | 20.34% 12.06%
15.1.A. 73 | 65 | 147 | 167 112 116 126 106 | 113 | 123 | 23.99% | 21.15% | 16.33% 7.67%
16.D.E. 52 | 70 168 | 181 117 125 136 114 | 123 | 135 | 30.20% | 25.39% | 19.64% 10.55%
17.S.C. | 76 | 85 | 144 | 165 111 125 133 110 | 123 | 131 | 22.96% | 13.25% | 9.03% 13.93%
18.P.C. | 50 | 67 | 170 | 182 118 125 136 115 | 123 | 134 | 30.71% | 26.76% | 21.18% 9.53%
19.C.R. 39 | 78 181 | 189 121 134 145 120 | 131 | 143 | 33.31% | 26.17% | 20.99% 12.32%
20.1.N. 42 | 75 | 178 | 187 120 131 142 119 | 129 | 139 | 32.63% | 26.33% | 21.91% 10.72%
21.R.D. 53 | 69 167 | 180 117 125 136 115 | 122 | 135 | 29.94% | 25.44% | 19.16% 10.77%
22.1.D. 31| 79 | 189 | 195 123 137 148 121 | 136 | 145 | 35.02% | 27.63% | 23.28% 11.74%
23.N.C. 34 | 83 186 | 193 122 138 149 120 | 135 | 147 | 34.40% | 25.92% | 20.97% 13.43%
24B.C. | 60 | 78 160 | 175 115 127 136 111 | 123 | 134 | 28.03% | 20.81% | 16.25% 11.78%

FCR=Resting heart rate, FCM1 = Maximum heart rate (220-age), FCM2 = Maximum heart rate (215-age*0.66) [17]; C = control;
E = experiment

FCT1=Target heart rate 1= [(Maximum FC1 — Resting FC) x40% Intensity] + Resting FC, afferent phase 1, 2 (1=50%), 3 (1=60%)
FCT2= Target heart rate 2= [(Maximum FC2 — Resting FC) x40% Intensity] + Resting FC, afferent phase 1, 2 (1=50%), 3 (I=60%)
| = Effort Intensity (40%,50%;60%); V = Age

FC1,2,3 = frecventele cardiace masurate in functie de faza reabilitarii

DC % = deficit cronotropic % = [(Pmxt- Pmxef)/ Pmxt]*100

The Borg scale, graded from 1 to 10, reveals the perception of pedaling effort and was
used to establish the initial basic rhythm that corresponds to an intensity level agreed by the
patient, the conditioning being aerobic. For recovery, the level of perceived effort must not
exceed the moderate level: Borg = 4-6, in order not to reach the lactate threshold. The
monitoring values of the perceived effort (BORG scale) during the application of the
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physiotherapy programs at the level of the control group and the experimental group are
highlighted in Table 12.6.

In the recuperative protocols of patients after remission of the acute episode, a
maximum score on the Borg scale of 4/10 is indicated for cardiopulmonary control (dyspnea
and fatigue), according to the post-Covid rehabilitation protocol (EMITENT MINISTERUL
SANATATII, 2021). | note that every patient had at least one mild to moderate COVID-19
episode that did not require hospitalization or oxygen therapy, 22 patients being vaccinated
and two patients not vaccinated.

Table 12.6 Monitoring values of the perceived effort (BORG scale) during the application of
physiotherapy programs at the level of the control group and the experimental group

No | Type | Subjects | BORG T1 | BORG T2
1 C C.N. 4 4
2 C B.l. 3 2
3 C G.L. 4 3
4 C O.P. 3 3
5 C G.V. 4 3
6 C V.1 4 3
7 C B.A. 3 3
8 C AM. 3 2
9 C M.T. 4 4
10 C P.M. 3 3
11 C D.N. 4 2
12 C N.A. 4 4
13 E P.E. 4 2
14 E A.J. 4 2
15 E LA. 3 3
16 E D.E. 4 3
17 E S.C. 3 2
18 E P.C. 4 4
19 E C.R. 4 3
20 E L.N. 3 2
21 E R.D. 4 4
22 E 1.D. 4 4
23 E N.C. 3 2
24 E B.C. 4 3

C - control; E - experiment

The perceived effort was evaluated for the control group and the experimental group
after performing the standard and proposed physical therapy program during the 24 sessions
held over 8 weeks.

12.1.6. Values resulting from the bioimpedance analysis of the subjects
Body composition measurements obtained by bio-impedance used the Amazfit Smart

Scale - Body Composition Analyzer (Declaration of Conformity with directives 2014/53/EU and
2014/65/EU) from the practice's own endowment, using a single frequency of 50 kHz. For each
subject, the major body compartments determined as a tissue system were determined,
automatically estimated by linear empirical equations stored in the system memory together
with personal physical data (age, weight, height) — Table 12.7.

* Exclusion criteria related to bioimpedance measurements included all situations of

alteration of hydroelectrolyte balance (hepatic, renal, decompensated heart diseases),

acute-contagious infections, subjects wearing pacemakers, people with skin lesions

and pregnant women.

* Inclusion criteria related to bioimpedance measurements targeted any patient with a

medical indication for physical therapy from the specialist doctor; restrict the

consumption of food and liquids for at least 4 hours and alcohol for at least 8 hours

before the test.
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* Procedure: subjects in orthostatism with bare feet in contact with the conductive
surface

Table 12.7 Values resulting from the bioimpedance analysis of the subjects

FM | SM | FFM | Apa | Protein | £°on®

No | CE| N | k) | (k) | (Ka) | () | (Ka) | Mssue

1 C C.N. 26.22 34.7 | 59.76 | 45.11 11.46 3.20
2 C B.1. 16.72 | 27.30 | 50.13 | 36.29 11.14 2.70
3 C G.L. 1545 | 19.90 | 36.25 | 27.36 6.89 2.00
4 C O.P. 40.08 35.1 | 60.45| 45.60 11.56 3.30
5 C G.V. 33.76 225 | 4049 | 3047 7.43 2.6
6 C V.IL 17.89 | 2140 | 38.71 | 29.19 7.12 240
7 C B.A. 291 | 2140 | 40.18 | 29.10 8.68 2.40
8 C AM. 2.70 26.4 | 48.41 | 35.14 10.56 2.70
9 C M.T. 35.68 23.9 | 42.75 | 32.20 7.85 2.70
10 C P.M. 24.48 33.2 | 59.89 | 43.35 13.34 3.2
11 C D.N. 3.88 275 | 50.22 | 36.42 11.00 2.80
12 C N.A. 23.45 32.7 | 59.12 | 42.78 13.14 3.20
13 E P.E. 17.78 21.8 | 39.19 | 29.57 7.23 240
14 E Ald. 33.92 | 36.20 | 62.15 | 46.98 11.77 3.40
15 E LA. 30.23 | 22.30 | 39.91 | 30.16 7.25 2.50
16 E D.E. 24.10 31.7 | 54.90 | 41.45 10.45 3
17 E S.C. 24.99 19.2 | 34.92 | 26.41 6.51 2
18 E P.C. 23.90 | 34.20 | 61.41 | 44.51 13.59 3.30
19 E C.R. 31.42 | 22.30 | 40.04 | 30.16 7.38 2.50
20 E I.N. 18.74 | 34.70 | 66.18 | 45.08 17.59 3.50
21 E R.D. 49.96 30.6 | 41.54 | 40.18 9.78 3.2
22 E I.D. 14.48 18.2 | 34.92 | 25.26 7.65 2
23 E N.C. 14.19 28.9 | 52.74 | 38.17 11.67 2.9
24 E B.C 43.42 25.6 | 45.39 | 34.18 8.41 2.80

The values resulting from the bio-impedance analysis of body composition highlighted
adipose tissue (FM), skeletal muscles (SM), non-adipose tissue (FFM), the amount of protein
and bone tissue, expressed in kilograms and the amount of water expressed in liters for all
patients included in the study. Following the statistical analysis of these indicators, a risk profile
was established for each subject, followed by an individualized dosage of the therapeutic
exercise.

An excess of adipose tissue constitutes a high metabolic risk, insulin resistance,
comorbidities associated with obesity, cardiac and respiratory diseases that lead to difficulties
in performing daily tasks. If patients also present a concomitant decrease in non-adipose tissue
(proteins, intracellular and extracellular water and bone minerals), the risk multiplies (risk of
fractures/falls, decreased quality of life, disabilities and mobility) so that resistive, concentric
therapeutic exercises are necessary of minimum-medium intensity over a longer period.
Instead, a balanced somatotype allows performing eccentric and resistive exercises with
maximum intensity (MURGOCI, 2021; Murgoci, Mereuta, et al., 2022).
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12.2.4. The medical rehabilitation program adapted to the control and experimental
group

The medical rehabilitation program adapted to the control and experimental group
complies with the recuperative protocol presented in Chapter 8, the detailed content of the
recovery programs being according to Tables 12.30, 12.31 with the specification that all
patients had at least one mild to moderate COVID-19 episode. (Annex no. 8)
Table 12.30 Detailed content of the rehabilitation program adapted to the control group

Gonartroza,
Coxartroza,
Standard physical therapy lombosciatica (origine AVC ischemic Status post-
program content adapted to each mecanica) hemiplegie/hemipareza traumatism Ml
condition (minutes) n=12 3 subiecti 2 subiecti 7 subiecti
Therapeutic massage 15 15
Manual lymphatic drainage 15
Invessie table positioning 5
Specific exercises* 20
Postural treatment - Positions at
the edge of the bed in a short 5
sitting position
FNP — Kabat (5 min passive, 5 10 5
min active)
Pass!ve, passive-active 10 20
physiotherapy
Manual therapy & stretching 10 10 10
Total time (minutes) of which 50 50 50
active 20 5 15
passive 30 40 35
active pause 0 5 0

* Details of specific exercises

-Gonarthrosis, Coxarthrosis and lumbosciatica of mechanical origin with associated
lordosis - medical recommendation - Wiliams program, 5-7-10 repetitions (progressive
increases every 4 sessions, total 24 sessions)

Specific exercises

- from the supine position, bend and extend the knees alternately;

- from the supine position, flexion of the thigh on the abdomen is performed alternately, holding
for 10 seconds, followed by returning with the lower limbs extended and then resuming the
movement with simultaneous execution;

- from the supine position, hands behind the back of the head, feet on the ground, flexion of
the thigh on the abdomen is performed alternately, holding for 10 seconds, followed by
returning with the lower limbs extended,

- from the supine position, with the arms stretched above the head and the knees bent, the
lumbar area is glued to the floor, contracting the abdominal muscles;

- from the supine position with bent knees and feet on the ground, rotate the pelvis to the left,
respectively to the right;

- from the supine position with the lower limbs extended, place the heel on the opposite knee
and leave the thigh on the ground, then return to the initial position;

- from the supine position, raise one leg at a time above the ground, hold for 10 seconds, then
return to the initial position;

- from the supine position with a pillow under the head, hips and knees flexed, feet on the
ground, contracting the gluteal and abdominal muscles, tilt the pelvis by lifting the buttocks off
the ground. Gradually perform the same movements with the knees less and less bent.

- Stroke hemiplegia/associated hemiparesis/ Lower limb post-trauma status

Specific exercises

Neuroproprioceptive facilitation techniques were applied (Beckers & Buck, 2021, p. 145-166)
passive, passive-active physical therapy, 5-7-10 repetitions (progressive increases every 4
sessions, total 24 sessions)
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Specific exercises:
- Flexion-abduction-internal rotation(Beckers & Buck, 2021, p. 145);

- Flexion-abduction — internal rotation with knee flexion(Beckers & Buck, 2021, p. 148);

SUMMARY

- Flexion-abduction — internal rotation with knee extension (Beckers & Buck, 2021, p. 149);
- Extension-adduction-external rotation (Beckers & Buck, 2021, p. 151);
- Extension-adduction-external rotation with knee extension (Beckers & Buck, 2021, p. 154);

- Extension-adduction-external rotation with knee flexion (Beckers & Buck, 2021, p. 156);

- Flexion-adduction-external rotation (Beckers & Buck, 2021, p. 157);

- Flexion-adduction-external rotation with knee flexion (Beckers & Buck, 2021, p. 159);
- Flexion-adduction-external rotation with knee extension (Beckers & Buck, 2021, p. 161);

- Extension-abduction-internal rotation (Beckers & Buck, 2021, p. 162);
- Extension-abduction-internal rotation with knee extension (Beckers & Buck, 2021, p. 165)

- Extension-abduction-internal rotation with knee flexion (Beckers & Buck, 2021, p. 166)

Table 12.31 Detailed content of the rehabilitation program ada

pted to the experimental group

Content of the
proposed Coxarthrosis,
physical therapy lumbosciatica Coxarthrosis/
program adapted (mechanical Gonarthrosis, Stroke
to each origin) lumbosciatica subjects | Post-trauma Post-trauma Post-
condition osteoarthritis (mechanical origin) 2 Mi Mi trauma MI
(minutes) n=12 2 subjects 3 ischemic subjects 2 subjects 1 subject 2 subjects
Therapeutic 5 5 5
massage
Manual
lymphatic 8 4 4
drainage
Invessie table
o 4 5
positioning
Static horizontal
pedaling-
adapted
programs A/B/C 31 35 31 27 31 35
Postural
treatment -
Positioning at 4
the edge of the
bed in short
sitting
FNP — !(abat- 5 5 5
active
Ll CICEIE, 10 5 10 10 10 6
stretching
L LU 50 50 50 50 50 50
(minutes)
active 22 26 22 23 27 31
passive 19 15 15 18 14 10
active pause 4
passive pause 9 9 9 9 9 9

The total time of the sessions is 50 minutes, of which pedaling includes 27-35 minutes

depending on the associated risk.
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CHAPTER 13. EVALUATION OF THE QUALITY OF LIFE OF THE
CONTROL AND EXPERIMENTAL GROUP

13.1. The concept of quality of life (QoL)

The concept of quality of life, accepted as a medical term in the Index Medicus in 1977,
refers to the general satisfaction induced by the well-being experienced by a person. It is a
subjective term and the way of evaluation depends on a person's education, beliefs, values
and short/medium and long term goals. Various factors can be considered benchmarks, for
example physical health, emotional well-being, social relationships, professional career,
financial stability, education, family, cultural factors and leisure.

The quality of life is also correlated with the way a person perceives his physical, mental
and social state of health under the conditions of the challenges of external and internal factors
so that a state of balance is maintained (ro.wikipedia.org, 2022; The Association of Faculties
of Medicine of Canada, 2022). In addition to medical services, individual effort is an important
pillar, prevention being a key factor in the prevention of obesity, type Il diabetes and heart
diseases due to the fact that behavioral factors influence 40% of the number of premature
deaths and social factors 15%. (Barnes et al., 2012; Farshad Fani Marvasti, 2012).

The state of mental health has also been defined by the term well-being (Naci &
loannidis, 2015).

13.2. Questionnaire Short Form 36 (SF-36)

The Short Form 36 Questionnaire (SF-36) is a self-report instrument that uses
numerical scoring systems. It can be completed by the patient/family member or a health care
professional (doctor, physiotherapist, medical/maternal/social worker, dietician). This
particular approach evaluates physical and mental dimensions before and after eight weeks of
therapeutic interventions on the same sample of 24 patients (Annex No. 4).

The Short Form 36 Questionnaire (SF-36) is a generic instrument for measuring health
status, emphasizing the impact of medical interventions, developed and tested by the New
England Medical Center in the Medical Outcomes Study (John E Ware et al., 1993; Walters,
2009). The development of the Romanian version was carried out in accordance with the
instructions applied at the international level, with the recommendations and under the control
of the New England Medical Center (Cotarla, 2009; J. E. Ware, 2000b). SF-36 has the most
evidence of responsiveness, being the most frequently used and evaluated questionnaire
(Garratt et al., 2002; Hand, 2016).

The 36-item questionnaire covers eight health domains: physical functioning PF (10
items), bodily pain BP (2 items), role limitations due to physical health problems RP (4 items),
role limitations due to personal problems or emotional RE (4 items), emotional well-being MH
(5 items), social functioning SF (2 items), energy/fatigue VT (4 items), and general health
perceptions GH (5 items). Scores for each domain range from 0 to 100, with a higher score
defining a more favorable state of health. RAND SF-36 version 1 was used to quantify
outcomes in the SF-36 OrthoToolKit which contains an additional dimension — health change
— Health Change HC (1 item). The RAND 36-Item Health Survey 1.0 score uses precoded
numerical values quantified by item to derive the nine domains of interest (Anita L. Stewart
and John E. Ware, 1992; orthotoolkit.com, 2022; John E. Ware & Sherbourne, 1992).

13.3. Work procedure and method of collecting evaluation results

13.3.1. Working procedure

Patients were entered into the rehabilitation program immediately after discharge to
home. At TO before the start of the rehabilitation program was the first assessment with the
SF-36 OrthoToolKit and after eight weeks of physical therapy was the 2nd assessment,
considered at the T2 period.

The rehabilitation program lasted 8 weeks with a frequency of 3 times a week, in a total
of 24 sessions (50 min/session) of which static horizontal pedaling for 27, 31 or 35 minutes
corresponding to the associated risk (for the group of experiment), to which specific individual
exercises were added depending on each pathology with the progressive increase in intensity
every four sessions for the first month of treatment. During the second month of rehabilitation,
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the last agreed intensity according to the BORG scale was maintained, followed by its
reevaluation, the patient being encouraged to resume daily, professional, social, family tasks.
The innovative horizontal bike system was stabilized for supine use and pressure sensors were
attached to the pedals to monitor triple flexion/extension kinetic chain parameters (Murgoci,
Mereuta, et al., 2022).

13.3.2. How to collect assessment results with the SF-36 OrthoToolKit

The results of the SF-36 OrthoToolKit application were collected at TO (before the start
of the rehabilitation program) and at T2 (after eight weeks of physiotherapy).

At TO, before the start of the rehabilitation program, the first assessment with the SF-
36 OrthoToolKit using the RAND SF-36 version 1 for 24 patients included in the final research
(12 patients in the control group and 12 patients in the experimental group), followed by a
another assessment at T2 after 8 weeks of rehabilitation. Scores for each domain range from
0 to 100, with a higher score defining a more favorable state of health.

Step 1 and Step 2 are per SF-36 scoring instructions. Step 3 represents the personal
contribution, evaluation modality also presented in the study of the analysis of the results of
the quality of life after the application of a therapeutic program related to the rehabilitation of
the lower limbs with a horizontal bicycle (Murgoci, 2023).

>Step 1 The 36 items record values for the last four weeks before TO/T2, for questions 3-32
and for the rest of items 1 and 2 at the time of completing the questionnaire, as follows:

- items numbered 1, 2, 20, 22, 34, 36 have five answer categories, interval 100-0, measure
degree 25;

-items numbered 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 have three response categories, range 0-
100, degree of measure 50;

- articles numbered 13, 14, 15, 16, 14, 18, 19 have two response categories, scale 0-100;
-items numbered 21, 23, 26, 27 and 30 have six answer categories, interval 100-0, measure
degree 20;

-items numbered 24, 25, 28, 29 and 31 have six answer categories, range 0-100, measure
degree 20;

-items numbered 32, 33 and 35 have five answer categories, range 0-100, measure degree
25.

2> Step 2 The elements from step 1 are quantified to form scales:

-PF - physical functioning, composed of 10 items after recording the average of questions 3,
4,5,6,7,8,9,10, 11, 12;

-RP - role limitations due to physical health problems, composed of 4 items, after recording the
average of questions 13, 14, 15, 16;

-RE - role limitations due to personal or emotional problems, composed of 3 items, after
recording the average of questions 17, 18, 19;

-VT - energy/fatigue (vitality), composed of 4 items, after recording the average of questions
23, 27, 29, 31,

-MH - emotional well-being (mental health), composed of 5 items, after recording the average
of questions 24, 25, 26, 28, 30;

-SF - social functioning, composed of 2 items, after recording the average of questions 20, 32;
-BP — pain (body pain), composed of 2 items, after recording the average of questions 21, 22;
-GH - general state of health, composed of 5 items, after recording the average of questions
1, 33, 34, 35, 36;

-HC - health change, 1 item — number 2.

->Step 3 The RAND SF-36 version 1 is a generic instrument, so its components target physical
and mental status.

The physical summary component (PCS) comprises average physical functioning (PF),
role limitations due to physical health problems (PR), and bodily pain (BP) and perceived
general health (GH) scores.
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The mental summary component (MCS) comprises the mean of role limitations due to
personal or emotional problems (RE) and energy/fatigue or vitality (VT), emotional well-being
or mental health (MH), and social functioning (SF) scores.

PCS and MCS calculated as an average before and after eight weeks of rehabilitation
therapy were compared with a Romanian quality of life study comprising n=928 patients with
different medical interventions - SF-36v2-RO (Mardare et al., 2019) to highlight the differences
of this particular approach.

The international proposal for the PCS and MCS calculation process is based on the
z-score determined for the first eight scales relative to the mean of the general population.
Since there is no Romanian norm, the study on the American norm was selected as a
benchmark to determine the z-score for each subject by subtracting the individual scale
obtained by the mean of the group according to age and then dividing by the corresponding
standard deviation. The Z-scores multiplied by the factor coefficient for the eight scales are
summed to determine the PCS and MCS, multiplied by 10 and added to 50. Thus there is a
linear transformation of the PCS and MCS physical and mental component summary scores
into the T-score metric, which has a mean of 50 and a standard deviation of 10 for the general
population (Laucis et al., 2015; Taft et al., 2001).

13.4. Evaluation criteria of the questionnaire

The evaluation criteria of the questionnaire reached the 8 mandatory evaluation points
of a questionnaire. The eight elements for evaluating the instrumental applicability of the SF-
36 instrument as appropriateness, acceptability, feasibility, validity, reliability, responsiveness,
precision and interpretability are analyzed in accordance with clinimetric and psychometric
principles (Fitzpatrick et al., 1998; Murgoci, 2023; Naci & loannidis, 2015).

The criteria were analyzed taking into account the sequence of their application (Figure 13.1)

- Constructive criteria recommending the application of the RAND SF-36 version 1
questionnaire — criterion no. 4 validity according to the Medical Outcomes Study
n=2471 (Brazier et al., 1996, 1999; rand.org, 2022; Walters et al., 1999) and no. 7
accuracy (use of Likert scales with multiple answer options, minimum 2, maximum
6);

- Technical-economic criteria — criterion no. 2 acceptability, criterion no. 3
feasibility and criterion no. 8 interpretability;

- Criteria that reflect the results obtained following the application of the
questionnaire — criterion no. 5 reliability and criterion no. 6 receptivity;

- Criterion no. 1 appropriateness or suitability, which answers whether the
content of the questionnaire meets the main purpose of the study, namely the
facilitation of ambulation.

TECHNICAL AND

ECONOMIC = 2. ACCEPTABILITY 3. FEASIBILITY 8. INTERPRETABILITY
CONSTRUCTION = 4. VALIDITY 1. APPROPRIATENESS | 7. PRECISION
RESULT & 5. RELIABILITY | 6. RESPONSIVENESS

Figure 13.1 The sequence of application of the SF-36 criteria [own contribution]

13.4.3. Analysis of the target criterion that responds to the main purpose of the
study

>Criterion no. 1 appropriateness or suitability is answered if the content of the
questionnaire meets the main purpose of the study, namely the facilitation of ambulation..

Orthostatic postural stability is defining for the control ability of the central nervous
system to maintain balance representing a relevant test to verify the objective of facilitating
ambulation and implicitly the suitability of the applied quality of life questionnaire SF-36 to the
main purpose of the study. The more stable the orthostatic position is, the less the body swings
and the better the balance, the more stable the gait.

Description of the technique: at the end of the rehabilitation period, the stability test
was applied, which consisted in maintaining the unipodal balance of the lower limb subject to
analysis on the AmazFit body scale from the own office. According to Table 13.102, each
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patient is given a score by correlation with the Zepp Analyzer application according to their
proprioception capacity..
Table 13.102 Postural stability — AmazFit — correlation with Zepp Analyzer

Score Postural stability - interpretation
0-20 low

20-40 minimum

40-60 normal

60-80 very good

80-100 excellent

The results of the stability score are shown in Table 13.104 for the control group after
performing the proprioception and balance test.
Table 13.103 Stability score results - control group

VAS Dif VAM BA BORG BM | PCS T2 MCS T2 Stability Interpretation

Subject | T2 T2 T2 T2 T2 | Z 4 score of stability
1.AM. 2.00 32| 115 2| 5.00 50.25 59.31 72 very good
2.B.A. 1.00 36 52 3| 5.00 44.56 50.10 65 very good
3.B.l. 2.00 5 62 2| 5.00 49.99 75.93 55 normal
4.C.N. 1.00 15 85 4| 5.00 53.97 65.23 59 normal
5.D.N. 1.00 17 98 2| 5.00 47.53 44.76 71 very good
6.G.L. 0.00 32 49 3| 4.00 47.19 51.60 49 normal
7.G.V. 2.00 9 66 3] 5.00 42.21 41.24 81 excellent
8.M.T. 3.00 36 80 41 4.00 49.77 54.67 67 very good
9.N.A. 2.00 42 38 4 | 3.00 27.41 30.27 42 normal
10.0.P. 1.00 19 105 3| 5.00 51.04 53.88 48 normal
11.P.M. 1.00 29 82 3| 5.00 51.64 58.45 79 very good
12.V.1. 1.00 191 115 3| 5.00 59.76 60.25 85 excellent

The descriptive statistics applied to the stability score obtained after testing the control
group shows a mean of 64.42+13.970, a median of 66.00, with a minimum of 42 and a
maximum of 85. (Table 13.104, Figure 13.9).

Table 13.104 Descriptive statistics - stability score - control group

Control group indicators Stability score
N Valid 12
Missing 0
Mean 64.42
Median 66.00
Standard deviation 13.970
Minimum 42
Maximum 85
Percentile 25 50.50
50 66.00
75 77.25
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Figure 13.9 Frequency analysis - stability score - control group

Mean = 64 42
Std. Dev. =13.97
M=12
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From the total of 12 patients belonging to the control group, two recorded excellent
values (16.7%), five very good (41.7%) and five patients normal values (41.7%) for the stability
score (Table 13.105).

Table 13.105 Stability score interpretation — control group

Interpretation of stability score

Control group Frequency Percent Cumulative percentage

Validity | excellent 2 16.7 16.7
very good 5 41.7 58.3
normal 5 41.7 100.0
Total 12 100.0

The results of the stability score are shown in Table 13.106 for the experimental group
after performing the proprioception and balance test.

Table 13.106 Stability score results - experimental group

VAS | DifVAM | BA | BORG| BM | PCST2 | MCS T2 Stability Interpretation of

Subiecti T2 T2 T2 T2 T2 | 2 /4 score stability
1.AJ. 1.00 11 82 2 | 5.00 52.84 60.21 65 very good
2.B.C. 1.00 31 37 3| 5.00 56.01 54.93 55 very good
3.C.R. 1.00 7] 125 315.00 40.03 59.08 82 excellent
4.D.E. 0.00 41 56 3| 4.00 50.38 36.89 49 normal

5.LA. 2.00 5 85 3] 5.00 46.14 58.45 63 very good
6.1.D. 2.00 46 75 4 | 5.00 27.19 31.11 42 normal

7.1.N. 0.00 10| 115 2| 5.00 69.83 75.38 86 excellent
8.N.C. 0.00 23 | 109 2| 5.00 74.01 71.45 81 excellent
9.P.C. 2.00 12| 105 4 | 5.00 40.03 59.08 75 very good
10.P.E. 0.00 7 65 2 | 5.00 65.71 58.45 83 excellent
11.R.D. 1.00 36 35 4 | 4.00 29.12 31.43 52 normal

12.S.C. 0.00 4 66 2| 5.00 69.47 66.99 62 very good

The descriptive statistics applied to the stability score
experimental group shows a mean of 66.25+14.949, a median of 64.00, with a minimum of 42
and a maximum of 86 (Table 13.107, Figure 13.10).
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Table 13.107 Descriptive statistics - stability score - experimental group
Experiment group indicators Stability score
N Validity 12
Missing 0
Mean 66.25
Median 64.00
Standard deviation 14.949
Minimum 42
Maximum 86
Percentiles 25 52.75
50 64.00
75 81.75

Scor stabilitate

Mean = 66.25
Std.Dev. =14.949
=12

Frequency

30 40 S0 [=1a] 7O 80 j=lu ]

Scor stabilitate
Figure 13.10 Frequency analysis - stability score - experimental group

From the total of 12 patients belonging to the experimental group, four recorded
excellent values (33.3%), five very good (41.7%) and three patients normal values (25%) on
the stability score (Table 13.108).

Table 13.108 Stability score interpretation — experimental group
Interpretation of stability score

experimental group Frequency Percent Cumulative percentage

Validity | excellent 4 33.3 33.3
very good 5 41.7 75.0
normal 3 25.0 100.0
Total 12 100.0

In order to compare the efficiency of the two standard and proposed rehabilitation
programs, the multiple regression analysis - ordinary least squares (OLS) was applied - the
least squares method that responds to the minimum estimation error for determining the
coefficients of the linear regression equations that describe the relationship between several
quantitative independent variables and a dependent variable.

The dependent variable is the stability score (proprioception and balance test) obtained
after eight weeks of rehabilitation (T2) and as dependent variables were considered the joint
balance (BA T2), muscle balance (BM T2), the difference in muscle imbalances between the
lower limbs (Dif VAM T2) and the summarized physical components calculated based on the
Z score according to the quality of life questionnaire SF-36 version 1. (Table 13.109)
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Table 13.109 Multiple regression analysis - control/experimental group
Variables Introduced/ Eliminated 2
Removed
Model Variables Introduced variables Metod
1 Dif VAM T2, BAT2, PCS T2 Z, BM T2 . | Enter
a. Dependent variable: Stability score

b. All defined variables entered.

The results of the multiple regression analysis for the control group did not demonstrate
interdependence between the independent variables considered as predictors of estimation,
namely the value of the differences in muscle imbalances, the joint and muscle balance values,
the summarized physical components. Adjusted R2 = .049, p=.411(p>.05), according to the
tables Table 13.110, Table 13.111, Table 13.112.

Table 13.110 Calculation of R?*— control group
Summary of analysis — control group
Model R R? R 2 ajustat Estimated standard error
1 .6282 .395 .049 13.626
a. Predictors: (Constant), Dif VAM T2, BAT2, PCS T2 Z, BM T2

Table 13.111 ANOVA — control group
ANOVA:Z? - control group

Mean of
Model Sum of squares df squares F Sig.
1 Regression 847.288 4 211.822 1.141 411
Residual 1299.628 7 185.661
Total 2146.917 11

a. Dependent variable: Stability score
b. Predictors: (Constant), Dif VAM T2, BA T2, PCS T2 Z, BM T2

Table 13.112 Beta coefficients - control group

Coefficients? — control group
Standardized
Unstandardized coefficients coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -7.006 49.996 -.140 .892
BA T2 21 .235 .226 517 .621
BM T2 11.966 10.963 .558 1.091 311
PCST22Z .013 .878 .008 .015 .988
Dif VAM T2 221 465 .186 475 .649
a. Dependent variable: Stability score

The results of the multiple regression analysis for the experimental group demonstrated
interdependence between the independent variables considered as predictors of estimation,
namely the value of the differences in muscle imbalances, the joint and muscle balance values,
the summarized physical components. Adjusted R? = .671, p=.016(p<.05), according to the
tables Table 13.113, Table 13.114.

Table 13.113 Calculation of R? — experimental group
Summary of the analysis - experimental group

Estimated
Model R R?2 R 2 ajustat standard error
1 .8892 .790 .671 8.578

a. Predictors: (Constant), PCS T2 Z, BA T2, BM T2, Dif VAM T2
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Table 13.114 ANOVA — experimental group
ANOVAZ? — experimental group
Mean of
Model Sum of squares df squares F Sig.
1 Regression 1943.192 4 485.798 6.602 .016°
Residual 515.058 7 73.580
Total 2458.250 11
a. Dependent variable: Stability score
b. Predictori: (Constant), Dif VAM T2, BA T2, PCS T2 Z, BM T2
Table 13.115 Beta coefficients - experimental group
Coefficients? — grupul de experiment
Standardized
Unstandardized coefficients coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 62.960 42.811 1.471 .185
Dif VAM T2 -.394 .234 -.402 -1.684 136
BA T2 .266 .109 527 2.439 .045
BM T2 -5.404 8.801 -.141 -.614 .559
PCST2Z .307 .186 .326 1.647 144
a. Dependent variable: Stability score

The values of the muscle and joint balance depending on the injured joint and the

difference in value between the muscle imbalances of the lower limbs and the summarized
physical components synergistically influence the result of the stability score in the property of
67.1% adjusted effect, 79% unadjusted, respectively R=88.9%.

The joint balance has a beta coefficient of .527 with a statistical significance of .045

(p<.05) proving that the simultaneous rhythmic movement involving the triple flexion/extension
chain with the help of the static horizontal bicycle led to the validation of the result in favor of
the proposed program which used the horizontal static pedal device- Table 13.115, after the
intercorrelation of all statistical analysis models performed.
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CHAPTER 14. CONCLUSIONS PART Il

The conclusions were grouped according to the measured parameters and the
statistical interpretations

14.1 General characteristics

14.1.1. The control group and the experimental group each included 12
subjects with the following general characteristics:

- The control group

- average age 51.42+14.829, average weight 72.73+18.010, average height
1.71+.076, IMC - body mass index (BMI) 24.97+6.334;

- according to age 30-39 years — 25% (three subjects), age group 40-49 years —
33.3% (four subjects), age group 50-69 years — 25% (three subjects) and age group >70 years
— 16.7% (two subjects);

- depending on gender, it includes five women - 41.7% (one subject belonging to the
30-39 years old group, two subjects belonging to the 40-49 years old group and two subjects
belonging to the 50-69 years old age group) and seven men - 58.3% (two subjects belonging
to the 30-39 years old group, two subjects belonging to the 40-49 years old group, one subject
belonging to the 50-69 years old group and two subjects > 70 years old);

- The BMI of the control group: 33% of the subjects have a normal weight (one subject
in each age group), 25% are overweight (two subjects in the 40-49 age group and one subject
in the 50-69 age group) , 25% obese (one subject each belonging to the groups 40-49 years,
50-69 years and >70 years) and 17% underweight (2 subjects belonging to the age group 30-
39 years);

- The experimental group

- average age 49.75+14.156, average weight 79.83+16.331, average height
1.69+.092, body mass index (BMI) 27.95+5.633;

- according to age 30-39 years — 25% (three subjects), age group 40-49 years — 25%
(three subjects), age group 50-69 years — 33.3% (four subjects) and age group >70 years —
16.7% (two subjects);

- depending on gender, it includes six women - 50% (one subject each belonging to
the 30-39 years old group, respectively the 40-49 years old group and two subjects each
belonging to the 50-69 years old and >70 years old age group) and six men - 50% (two subjects
each belonging to the 30-39 year old group, the 40-49 year old group and the 50-69 year old
group);

- BMI of the experimental group: 33% of the subjects have normal weight (three
subjects belonging to the age group 30-39 years and one subject aged 40-49 years), 42% are
overweight (one subject belonging to the age group 40-49 years, two subjects belonging to the
50-69 years group and two subjects aged > 70 years), 25% obese (one subject belonging to
the 40-49 years group and two subjects belonging to the 50-69 years group).

Comparative situation IMC (BMI) control/experiment group denotes a BMI =
24.97+6.33 for the control group compared to BMI =27.95+5.63 for the experiment group -
Figure 14.1.

40.00 IMC (kg/m2)
35.00
30.00
25.00 1
20.00
15.00
10.00
5.00 [
0.00 -
-5.00
Mean C (n=12)  Mean E (n=12) St(anfzv) C Stczr.1=D1e2\/). E
IMC 2497 27.95 6.33 5.63

Figure 14.1 Comparative situation of IMC control/experimental group
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14.1.2 Spearman correlations at the level of the control group and the experimental
group

The Spearman correlations at the level of the control group highlighted a strong
positive association between the female gender (F) and the FFMI Intermediate somatotype (r=
1, p<.000, Cl = 99%)

The Spearman correlations (r=1, p<.000, Cl =99%) at the level of the experimental
group highlight the fact that:

- the female gender correlates strongly negatively with the solid and thin FFMI
somatotype;

- the FMI adipose somatotype correlates strongly negatively with the solid FFMI
somatotype;

- the solid FFMI somatotype correlates strongly negatively with the intermediate FFMI
somatotype.

14.1.3 Assessment of somatotype

The control group includes 12 patients who were classified according to Table 24
and Figure 13 according to:

- representation of adipose tissue by age groups in adipose, total 58% of which
25% (40-49 years), respectively 17% (50-69 years, > 70 years), intermediate total 17% of
which 8% (40- 49 years, 50-69 years) and 25% weak (30-39 years);

- the representation of non-adipose tissue by age groups in solid 8% (>70 years),
respectively intermediate total 67% of which 8% (30-39 years), 25% (40-49 years, 50-69
years), 8% (>70 years) and total thin 25% of which 17% (30-39 years), 8% (40-49 years).

The experimental group includes 12 patients from which:

- representation of adipose tissue by age group in total fat 92% of which 17% (30-
39 years), 25% (40-49 years), 33% (50-69 years), respectively 17% (> 70 years) and
intermediate 8% (30-39 years)

- representation of non-adipose tissue by age groups in solid total 25% of which
17% (40-49 years), 8% (50-69 years), respectively intermediate, total 50% of which 8% (30-
39 years , 40-49 years, >70 years), 25% (50-69 years) and thin, total 25% of which 17% (30-
39 years), 8% (>70 years).

For the control group, muscle imbalances were tested to achieve comparative
statistics with the experimental group and to determine the effectiveness of the physical
therapy program applied according to the stability risk profile: 6 patients - program B, 6 patients
- program C.

For the experimental group composed of 12 patients, it was proposed in the physical
therapy program for 2 patients pedaling type A, for 5 patients pedaling type B and for 5 patients
pedaling type C.

The T-test applied to the analyzed somatotypes were statistically relevant for both
groups. The ANOVA according to the body mass index (dependent variable) in the control
group and the experimental group showed a p= 0.006 (p<0.05), the effect size = 51.9%, that
is, in 51.9% of the total subjects, the weight of adipose tissue significantly influences the value
BMI. The pedaling program A (27 minutes) — 2 subjects, B (31 minutes) — five subjects and C
(35 minutes) — five subjects was applied to the experimental group, in correlation with the
somatotype of each patient and the associated risk.

No sarcopenia was identified in the patients from the final research based on bio-
impedance according to the age groups and gender, instead, the adipose somatype represents
an important risk factor for all the analyzed age groups.

14.2 Motor rehabilitation

14.2.1 Assessment of pain
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The T-test for paired samples allows the evaluation of the significance of the
variation of the VAS, in the same subjects, in two different situations: before and after
performing the rehabilitation program

The answer to the question of whether the standard rehabilitation program was
statistically relevant is yes. The observed difference between the averages is 4,167. Since the
value of the T test is 17.289 for the p < .000 threshold, the difference 4.167 between the
averages of the VAS variables pretest and posttest is statistically significant - Figure 14.2.

The answer to the question of whether the proposed rehabilitation program was
statistically relevant is affirmative. The observed difference between the means is 4.5. Since
the value of the T test is 17.234 for the p < .000 threshold, the difference of 4.5 between the
averages of the pretest and posttest VAS variables is statistically significant - Figure 14.2.

Pain assessment - T-test for paired samples

20.000 0.000 0.000
15.000 P
10.000 4,167 /415gg . t
5.000 = = .
0.000
C E
mot o p

Figure 14.2 Pain assessment - T-test for paired samples C/E- T0/T2

Bar analysis after eight weeks of rehabilitation reveals

- 74.5% decrease in pain perception threshold for the control group using the standard
rehabilitation program;

- 84.4% decrease in pain perception threshold for the experimental group using the
proposed rehabilitation program.

The parametric test z (t) Pain perception analysis (VAS) shows a significant
statistical significance for the experimental group and the control group p<0.002, Z(C) = -3.100,
Z(E)=-3.108

Wilcoxon Test - pain assessment

0.002

3108 [ EAS T2 VAS )y

0.002

3100 [ SV AST2 e AS Oy

-3.500 -3.000 -2.500 -2.000 -1.500 -1.000 -0.500 0.000 0.500
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Figure 14.3 Wilcoxon Test - pain assessment C/E- T0/T2

The sign test is statistically significant for the control and experimental group p<.000.
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14.2.2 Joint balance sheet

Out of the total of 12 patients — 5 patients had damage to the ankle joint, 5 to the knee
joint, 2 damage to the coxo-femoral joint for both control and experimental groups to be able
to compare the results from a statistical point of view.

The analysis with control bars identified a 64.58% increase in the average articular
amplitude related to the control group (from 48 degrees to 79 degrees) and by 122% to the
experimental group (from 36 degrees to 80 degrees) as a result of the program proposed.

T-test for dependent paired samples

The standard physical therapy program has an effect on joint mobility. Since the value
of the T test is t=-8.731 for the p = .000 threshold, the difference of -31.083 between the
averages of the BA TO and BA T2 variables is statistically significant - Figure 14.4.

The physical therapy program proposed has an effect on joint mobility. Since the value
of the T test is t=-6.514 for the threshold p = .000, the difference of -43.583 between the
averages of the BA TO and BA T2 variables is statistically significant - Figure 14.4.

Joint balance - T-test for paired samples C/E- T0/T2
0.000 0.000
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Figure 14.4 Joint balance - T-test for paired samples C/E- T0/T2

Wilcoxon test for two paired samples for joint balance (BA)

The Wilcoxon test applied to the control and experimental groups after the standard
physiotherapy program, depending on the amplitude of the injured joint, demonstrates
statistical relevance p=.002 (<0.05), Z(C) = -3.065, Z(E) = -3.059 — Figure 14.5.

Wilcoxon Test - joint balance C/E- TO/T2

0.002
-3.059

0.002
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0.5
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Figure 14.5 Wilcoxon Test - joint balance C/E- T0/T2

The sign test is statistically significant for the control and experimental group p<.000.
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14.2.3 Muscle balance

The muscle balance was evaluated at the level of the affected muscle groups according
to the basic pathology of each patient by analyzing the differences in average analog values
(VAM) between the two lower limbs and the muscle strength in MRC units.

Following the comparative segmental analysis between the two programs, the
effectiveness in correcting total muscle imbalances was 75% with an effect at the knee level
of 55.70%, the coxo-femoral joint at 15.39% and the ankle at 3.91%. Improvement in ankle
muscle strength was 16.22% in MRC units.

Analysis of muscle imbalances with control bars — analog values transmitted by
sensors reveals:

- in the control group an average of 54 average analogue values in absolute value,
which was reduced to 24 average analogue values after the standard physiotherapy program,
the difference being 30 units.

- in the experimental group, an average of 58 average analog values in absolute value,
which was reduced to 19 average analog values in absolute value after the proposed physical
therapy program, the difference being 39 units.

Therefore, there was a 30% = [(39-30)/30]* 100 reduction in muscle imbalances
associated with the lower limbs with the proposed physical therapy program compared to the
standard program.

The analysis of muscle balance in MRC units reveals:

- in the control group an average of 3.25 MRC, which improved to 4.67 MRC after the
standard physiotherapy program, the difference being 1.42 MRC units.

- in the experimental group, an average of 3.33 MRC, which improved to 4.83 MRC
after the proposed physical therapy program, the difference being 1.5 units.

Therefore, there was a 5.64% = [(1.5-1.42)/1.42]* 100 improvement in muscle
imbalances associated with the lower limbs with the proposed physical therapy program
compared to the standard program.

As a result of the application of the rehabilitation program that uses the static horizontal
bicycle, there is a considerable improvement in muscle imbalances related to the triple flexion
chain by 30% higher than the standard program, the strength tested at the affected muscle
level being recovered by 5.64% more efficiently with the stationary pedal system.

Paired-samples T-test applied to muscle imbalances (DM) expressed as the
difference in mean analog values between the intact and the affected lower limb

- The standard physical therapy program has an effect on muscle imbalances. The
observed difference between the averages is 29.5. Since the value of the T test is t=7.899 for
the threshold p = .000, the difference of 29.5 between the averages of the VAM T0 and VAM
T2 variables is statistically significant - Figure 14.6.

- The proposed physical therapy program has an effect on muscle imbalances. The
observed difference between the averages is 38,417. Since the value of the T test is t=9.134
for the threshold p < 0.05 (.000), the difference of 38.417 between the averages of the VAM
T0 and VAM T2 variables is statistically significant - Figure 14.6.
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Muscle balance - T-test for paired samples C/E- TO/T2
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Figure 14.6 Muscle balance - T-test for paired samples C/E- T0/T2

Wilcoxon test for two paired samples

The Wilcoxon test applied to the control and experimental groups after performing the
standard physiotherapy program, depending on the recorded correction of muscle imbalance,
demonstrates statistical relevance p=.002 (<0.05), Z(C) = -3.062, Z(E) = -3.066.

Wilcoxon Test - DM

0.002
-3.066

0.002
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Figure 14.7 Muscle imbalances - Wilcoxon C/E- T0/T2 test

-3.5 0.5

Testul semnelor este semnificativ statistic pentru grupul de control si experiment p<.000.

14.2.4 Heart rate monitoring

Descriptive statistics showed that the measured values (mean/median) during the
rehabilitation programs were below the target heart rate values calculated using Karvonen's
formula according to the rehabilitation phases for both tested groups, maintaining the effort at
an aerobic level.

Testing the patients' tolerance to effort by testing the adaptation of the autonomic
nervous system was carried out with the help of the chronotropic deficit. On average, the
chronotropic deficit was reduced by 12.01% in the experimental group compared to the control
group by 10.86%.

The regression equation related to the heart rate (y=0.9476x+129.26) for the
experimental group according to the maximum heart rate respects the correlation for 14.03%
(R2=.0143) of the subjects. This can also be explained by the fact that the horizontal exercise
bike addresses the triple flexion/extension chain, which involves an organized, concurrent,
simultaneous and rhythmic movement compared to 1.22% (R2=0.0122) of the subjects
belonging to the standard group in which each physical therapy program it addresses with
predilection the injured joint.
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14.2.5 Measurement of perceived exertion
Rehabilitation programs maintained on a scale of 0 to 10 a perceived level of

moderate effort with:

- an average of 3.58 Borg —T1 and 3 Borg — T2 for the control group

- an average of 3.67 Borg — T1 and 2.83 Borg — T2 for the experimental group.

Adaptation to exercise was easier with the rehabilitation program involving the static
horizontal bike by 41.23% (reporting 22.83% versus 16.20%):

- 16.20% improvement in exercise tolerance for the control group;

- 22.88% improvement in exercise tolerance for the experimental group.

The final conclusion is that the proposed physical therapy program involving the static
horizontal pedal board has proven its effectiveness according to the statistical tests applied to
the motor rehabilitation of the lower limbs.

14.3 Quality of life

SF36 questionnaire application conclusions emerge from the cluster analysis of
results at the level of the physical and mental components summarized with the mention that
all the health dimensions evaluated recorded statistically significant values for both groups.

Following the standard and proposed rehabilitation program applied at the level of the
control and experimental groups, the following results were obtained at the level of the quality
of life at the intragroup and intergroup level, as well as compared to the norm of the general
population.

=Intergroup level

- for the physical components summarized at the end of the eight weeks of physical
therapy compared to the initial values, an increase of 7.91% of the experimental group (51.73)
compared to the standard (47.94);

- for the mental components summarized at the end of the eight weeks of physical
therapy compared to the initial values, an increase of 2.75% of the experimental group (55.29)
compared to the standard (53.81).

= Normative level

- the control group - minus 4.12% up to the value of 50 for the summarized physical
components (47.94) and 7.62% increase above the value of 50 for the summarized mental
components (53.81);

- the experimental group - increase of 3.46% above the value of 50 for the
summarized physical components (51.73) and of 10.58% above the value of 50 for the
summarized mental components (55.29).

The synoptic graphic analysis shows the mean and median of the scales of health
dimensions as well as of the summarized physical and mental components demonstrating
positive results for the proposed rehabilitation program that used a static horizontal pedal
board - Table 14.1.
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Table 14.1 QoL assessment T0/T2 for each scale (Appendix No. 5), mean and median values

Mean of QoL SF-36 Median of QoL Sf-36
Dimensions Dimensions
PF PF
100.00 100.00
MCS 30.00 RP MCS 80.00 RP
60.00 60.00
PCS 40.60 RE PCS 40.0 RE
2%0\%_ R zﬁg\x/
0.90 ) 0’90 N\
HC / VT HC CL j VT
o /j _o\o/
GH MH GH MH
BP SF BP SF
—o—T0C TOE T2C T2E —o0—T0C TOE T2C T2E
Mean TOC TOE T2C T2E Median TOC TOE T2C T2E
PF 26.25 | 35.83 | 80.42 | 76.25 PF 2750 | 37.50 | 87.50 | 85.00
RP 18.33 | 31.25 | 75.83 | 83.33 RP 1250 | 25.00 | 75.00 | 87.50
RE 36.98 | 33.32 | 85.12 | 91.68 RE 33.30 | 33.30 | 100.00 | 100.00
VT 4750 | 50.42 | 72.50 | 71.25 VT 52.50 | 50.00 | 70.00 | 75.00
MH 48.33 | 43.67 | 7433 | 7167 MH 52.00 | 46.00 | 74.00 | 76.00
SF 40.63 | 40.63 | 69.79 | 75.00 SF 43.75 | 50.00 | 75.00 | 75.00
BP 36.67 | 40.83 | 71.04 | 79.38 BP 3250 | 45.00 | 7250 | 77.50
GH 4292 | 3917 | 65.83 | 64.17 GH 4750 | 35.00 | 65.00 | 70.00
HC 25.00 | 25.00 | 66.67 | 77.08 HC 25.00 | 25.00 | 75.00 | 75.00
PCS 38.07 | 46.82 | 73.28 | 75.78 PCS | 40.00 | 4719 | 76.88| 76.88
MCS | 43.36 | 42.01 | 75.44 | 77.40 MCS | 45.01 | 4270 | 78.00 | 81.63

The applied questionnaire was analyzed interdependently with the functional results
being relevant for the program that included a static horizontal pedal rack - Figure 14.8.

Conclusions of the statistical evaluation of the SF-36 V1 questionnaire - control group - T2 versus TO

n=12, 5F- 41.7%, 7B - 58.3% - control group, n=12, 6F- 50%, 6B-50% - experimental group

Control group - 3 subjects (25%) - 30-39 years, 4 subjects (33.3%) - 40-49 years, 3 subjects (25%) - 50-69 years, 2 subjects
(16.7%) > 70 years

Experimental group - 3 subjects (25%) 30-39 years old, 3 subjects (25%) 40-49 years old, 4 subjects (33.3%) 50-69 years old,
2 subjects (16.7%) > 70 years old

Rehabilitation intervention: eight weeks standard/proposed program 50 min, frequency 3 times/week

Evaluation KIT: RAND 36-ltem Health Survey 1.0

Constructive criteria

Acceptability
100% response rate
Romanian version (New England Medical
Center)
Average questionnaire completion time =
11 min 15 sec

Interpretability

Accredited translation into
Romanian

Feasibility

SF-36 OrthoToolKit is licensed by
Optum and available free online
(Rand), 6 min completion time for
the kit

Technical-economic criteria

Validity
proven by the Medical Outcomes Study and specialized
literature

Precision

use Likert scales with multiple response options
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Outcome criteria

Reliability Responsiveness
Parametric tests T-Test,
and nonparametric sign test, Wilcoxon (Z), p<.000 for
the control/experimental group (PF, RP, RE, VT, SF,
BP, MH, GH, HC)

Determination of the effect size based on the z-score
using the partial eta2 factor (n2) for the summarized
physical and mental components - relevant effect
(>.40)
control group n2 = .664 PCS and .651 MCS
experimental group n2 = .501 PCS and .537 MCS

Intraclass correlation coefficient (ICC) evaluated with
The Cronbach's Alpha coefficient has a maximum value
of 1.000 (optimal value >0.9) for test-retest with two
different observers for the control and experimental
group at TO and T2, using the two-way random effects
model, p<.000
Consistency was determined with the Pearson
correlation coefficient (r) at time TO and T2 for each
group separately.

Target criterion - objective

Appropriateness
Answer if the content of the questionnaire corresponds to the main purpose of the study, namely the facilitation of
ambulation
Application of postural orthostatic stability test (T2)
The control group (12 patients) - the stability score recorded: 2 excellent values (16.7%), 5 very good values
(41.7%) and 5 normal values (41.7%)
The experimental group (12 patients) - the stability score registered: 4 excellent values (33.3%), 5 very good
values (41.7%) and 3 normal values (25%)
Multiple regression analysis - ordinary least squares (OLS) for comparing the efficiency of programs.

The dependent variable is the stability score (proprioception and balance test) obtained after eight weeks of
rehabilitation (T2) and as dependent variables were considered the joint balance (BA T2), muscle balance (BM
T2), the difference in muscle imbalances between the lower limbs (Dif VAM T2) and the summarized physical

components calculated based on the z-score
The results of the multiple regression analysis for the experimental group showed interdependence between the
independent variables considered as predictors of estimation adjusted R2 = .671, p=.016 (p<.05). The articular
balance has a beta coefficient of .527 with a statistical significance of .045, proving that the simultaneous rhythmic
movement involving the triple flexion chain with the help of the static horizontal bicycle led to the validation of the
result in favor of the proposed program.

Figure 14.8 Conclusions of the statistical evaluation of the SF-36 V1 questionnaire - control
group - T2/T0

Multiple regression analysis - ordinary least squares (OLS) for comparing the
effectiveness of rehabilitation programs used taking into account

The dependent variable is the stability score (proprioception and balance test)
obtained after eight weeks of rehabilitation (T2) and the joint balance (BA T2), muscle balance
(BM T2), the difference in muscle imbalances between the lower limbs were considered as
dependent variables (Dif VAM T2) and the summarized physical components calculated based
on the z-score. The results of the multiple regression analysis for the experimental group
showed interdependence between the independent variables considered as predictors of
estimation adjusted R2 = .671, p=.016 (p<.05). The joint balance has a beta coefficient of .527
with a statistical significance of .045, proving that the simultaneous rhythmic movement
involving the triple flexion/extension chain using the static horizontal bike led to the validation
of the result in favor of the proposed program using the static horizontal pedals.
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CHAPTER 15. GENERAL CONCLUSIONS, OWN CONTRIBUTIONS
AND PERSPECTIVES

15.1 GENERAL CONCLUSIONS
15.1.1. Analysis of bibliographic sources

The analysis of bibliographic sources (references) in total of n = 198 by number and
type includes 136 (68.69%) specialized articles and studies, 21 (10.61%) books, 34 (17.17%)
internet sources and 7 (3.54%) articles "HeathCare Report" type - Figure 15.1.

References (n=198) Structure of the bibliography
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Figure 15.1 Structure of the bibliography [Own contribution]
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Figure 15.2 Database related to specialized studies [Own contribution]

The specialized articles and studies concerned databases: National Institutes of Health —
41.18% (56), ResearchGate — 35.29% (48), ScienceDirect — 9.56% (13), Springer -4.41% (6) and the
remaining 9.56% (Semantic Scholar — 3.68%, Frontiers — 2.21%, others — 3.68%) — Figure 15.2.
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15.1.2. Theoretical conclusions

1. In Romania, the need for rehabilitation services is increasing moderately according
to the extended SWOT analysis of kinetotherapeutic means carried out in accordance with the
local educational, medical and social assistance legislative measures and the increased rate
of population aging.

2. Musculoskeletal rehabilitation equipment has a share of 70.43%, of which exercise
equipment is also a part, the increase in global demand for physical therapy equipment being
estimated at 7.8% per year until 2026, due to the high prevalence of degenerative diseases,
traumas, the effects felt after COVID-19 and the increased number of the geriatric population
combined with age-related maladjustments.

3. Pedaling exercise equipment is a rehabilitation favorite offering patients safety,
independence, and psychological, emotional and physical benefits and is the central theme of
the research carried out. The main objective of physical therapy is the rehabilitation of
ambulation, an objective with motivational and economic-social implications that facilitates the
resumption of personal activities, regaining independence, mobility and increasing the quality
of life.

4. A rehabilitation treatment plan considers a comprehensive analysis of the patient
in order to maximize the results of the applied recuperative program. Rehabilitation comprises
three main phases, which address the acute inflammatory post-injury stage (phase I), the early
tissue regeneration stage (phase Il) and the tissue remodeling stage (phase Ill). Medical
rehabilitation aims both at correcting deficiencies resulting from an injury and as a result of
faulty movement patterns resulting from daily activities.

5. Motor rehabilitation related to the lower limbs using kinetotherapeutic equipment,
respecting the principle of the kinetic chain, biomechanical deficit, muscle imbalances,
functional exercise, periodization involves the aspects below - Table 15.1:

Table 15.1 Motor rehabilitation - methodological conclusions [Own contribution]

The scientific aspect The evaluative The practical aspect The correlative aspect
aspect

1. The articular 1. Joint/muscle balance 1.Strength 3 separates patients 1. In pedaling, isotonic contraction

stress/strain curve involves
feedback adaptation with a
control loop of the bone
according to the maximum
forces, a continuous
process throughout life.

2. A minimum threshold of
mechanical loading
determines the increase in
mineral-bone density
according to Frost's theory,
also called the theory of
the minimum effective
tension stimulus.
2. The
stress/strain curve
establishes the failure
zone from 8% elongation;
in rehabilitation do not go
beyond the elastic zone -
4-5%.

3. The speed of
advancement of nerve
regeneration is  very
variable, on average 1-4
mm/day, if in 18 months
the regeneration was not

ligament

done, the motor plate
disappears and the
rehabilitation becomes
useless.

2. Redness occurs in
47% joint capsule and
ligaments, 41% muscle
fascia, 10% tendon, 2%
skin.

3. Rehabilitation of gait in
order of importance
according to the global

functional coefficient:
ankle, knee hip- flexion.
4. The relative %

contribution of each joint
action to the total muscle
power produced to
generate maximum
pedaling power is flexion
20%, extension = 80%.
6. Reflexes involved in
medical  rehabilitation:
the H (Hoffmann) reflex
and the tonic vibratory
reflex.

with severe incapacity from those
with normal capacity.

2. The participation of the
muscles in pedaling is rendered
synergistically at the level of both
legs involved in pedaling and at
the level of the agonist-
antagonist force couple involved
in coactivation. The quadriceps
(RF, VL, VM) has a significant
contribution in the power-
extension phase (especially RF)
and the semimembranosus (SM),
the medial gastrocnemius (GM)
and the biceps femoris (BF) in the
power guard-flexion. In the
withdrawal-flexion phase, an
important role is played by the
lateral gastrocnemius and the
anterior tibialis together with the
rectus femoris for extension

3. A simplified model of muscle
coordination during pedaling
consists of the synergy of the four

functional muscle groups
involved in pedaling.
4. Myokines derived from

muscles are anti-inflammatory
(IL-6), a minimum of 20 minutes
of therapeutic exercises is
recommended.
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is used, correlated with isometry.
2. The strategies of movement in
pedaling involve: segmental
analysis - determining the force of
each segment of the MI, assessing
the center of gravity for each
segment of the body; the use of
coactivation - simultaneous
activation of the set of muscles that
form the agonist-antagonist
functional couple;

3. It is considered that the
rehabilitation of a knee is not
complete if we have not obtained
an extensor/flexor ratio of 2/1 or the
extensors are not 60% weaker
compared to those of the opposite
limb, achieved by pedaling in a
ratio of 4: 1 (extension/flexion
strength = 80/20)

4. The targeted heart rate
rehabilitation zone (Karvonen
formula) includes the maximum
intensity range of 60-80%
(moderate pace).

5.Target heart rate intensity is
usually 40-60% (moderate) of heart
rate reserve
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15.1.3. Conclusions resulting from the preliminary experimental research and the final
research

15.1.3.1. Conclusions related to the built static horizontal pedaling device and the
proposed pedaling program

In the construction of the device, the prioritization of the objectives and the factors
involved were taken into account: movement restrictions, precautions/contraindications, the
stages of tissue healing as well as the treatment targets in accordance with the patient's social
roles and his biological resources, the types of ailments that involve pedaling rehabilitation
being multiple:

1. The horizontal pedal is intended for physiologically deconditioned patients,
immobilized in bed at home, whose therapeutic window of intervention is critical for an
adequate resumption of ambulation.

2. The ergonomic design of the construction of the horizontal pedal device correlating
the optimal inter-pedal distance with the size of the step width while walking, respectively the
self-selected QF factor of 14 cm, complied with the therapeutic medical indication for knee
stability, reducing the risk of injury and increasing pedaling efficiency and the light aluminum
profile structure with four lateral stabilizers on the ground facilitates pedaling.

3. The pedaling system built with fixing the legs through two support bands, one at
the level of the calcaneus and the other on the dorsal side of the legs, the load being
represented by the own weight of the lower limbs, with resistance in the pedal can be
considered a kinetic chain controlled system controlled. It involves the use of three joints in a
rotating sagittal plane, with a consolidated balance reaction in long sitting.

4. The supine position facilitates the reduction of edema and inflammation by
increasing venous return, especially in the first phase of rehabilitation.

5. Pressure sensors attached to the pedals transmit analog values in real time, each
rehabilitation session can be recorded with Data Streamer Excel for later statistical
interpretation. Arduino open-source software is easy to use and involves minimal costs.

6. The development of the rehabilitation exercise program took into account the
combination of multiple factors to ensure aerobic conditioning, assessment of perceived effort,
adherence to treatment, minimum energy expenditure, maintaining homeostasis, by
introducing pauses and sequencing the rhythm of pedaling intensity to strengthen positive
motivation and replacing the exhaustion stage from the general adaptation syndrome with
eustress. Three types of programs were proposed depending on the risk profile associated
with each patient, known or not with comorbidities so that the result is optimal. The time of
each program (minimum 20 minutes) for the anti-inflammatory effect of physical exercises is
as follows: program A (high risk) — 27 minutes, B (moderate risk) — 31 minutes, C (minimum
risk) — 35 minutes. (Figure 15.3)

Rehabilitation programs
3
5 10 10
f=
= 8 8
E 6 6
w — —
£ 3 3 3 3 3
= — p——
Initial Final
basic Fast Eas basic
rhythm Pause edalin Pause edaI‘iln Pause rhythm
(warm s & P B (cool
Program Type up) down)
A Program 3 3 10 3 10 3 3
B Program 3 3 8 3 8 3 3
C Program 3 3 6 3 6 3 3

Figure 15.3 Proposed rehabilitation programs [Own contribution]
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1. The values of the body composition determined by bio-impedance led to the
appropriate risk stratification according to the statistical indices resulting from the personalized
assessment of each patient. The risk assessment technique was supported by two published
studies, namely the importance of body composition assessment in the rehabilitation process
(MURGOCI, 2021) and the dosage of therapeutic exercise in accordance with the patients' risk
diagram determined by bio-impedance (Murgoci, Mereuta, et al., 2022).

2. The use of the horizontal pedal board in vivo based on the informed consent of a
patient with post-traumatic pathology of the lower limbs proved that the objectives regarding
the facilitation of ambulation with the proposed rehabilitation program were achieved, the
system being reliable and technically functional. Pedalboard testing was described in the
published case study on the development of a program to facilitate walking with the help of a
rehabilitation program that uses the horizontal bicycle designed and built to monitor the
parameters of the kinetic chain (Murgoci, Mereuta, et al., 2022).

15.1.3.2. Conclusions related to the research carried out - motor rehabilitation

The conclusion of the preliminary experimental research (N=10 subjects) is that
the rehabilitation program that included the horizontal stationary bike achieved better results
in terms of pain control and correction of muscle imbalances related to the lower limbs, with
the mention that both programs recorded significant results statistically in terms of functionality.
(Table 15.2)

Table 15.2 Motor rehabilitation - preliminary experimental research [Own contribution]
Control group n=5, 3B, 2F, mean age 58.67 * 11.67, IMC (kg/m2) mean 28.17%4.50
2 subjects -40% 40-49 y, 1 subject - 20% 50-69 y, 2 subjects —40% >70y
Experimental group n=5, 2B, 3F, mean age 56.67 * 12.14, IMC (kg/m2) mean 27.32%2.94
2 subjects -40% 40-49 y, 1 subject - 20% 50-69 y, 2 subjects —40% > 70y
Monitored variables: perceived effort 3.6 Borg, RC < RCT (C/E)

Evaluare concluzii VAS Joint Balance Muscle Imbalances
Teste statistice p<.05 Cl 95% C E C E C E

Testul t perechi (p) .004 | .001 | .042 .043 .003 .000
Wilcoxon test (p) .041 | .039 | .000 .001 .043 .043

Indice corelatie (r) 0.990 | 0.997

The final conclusion is that the proposed physical therapy program involving the static
horizontal pedal board has proven its effectiveness according to the applied statistical tests,
results also presented in the published comparative study that highlighted the effectiveness of
the rehabilitation of the lower limbs using a static horizontal bicycle versus a therapeutic
program (Murgoci, 2022a).

The final research conclusion (N=24 subjects) is that the rehabilitation program that
included the horizontal stationary bike achieved better results in terms of pain control (84.4%)
and correction of muscle imbalances related to the lower limbs (30%), efficacy analysis
segmental 75% for the experimental group. Both programs recorded statistically significant
results regarding joint balance (Table 15.3).

Tabelul 15.3 Reabilitarea motorie — cercetarea finala [Contributie proprie]

Control group n=12, 5F- 41.7%, 7B - 58.3%; Experimental group n=12, 6F- 50%, 6B - 50%

Control group - 3 subjects (25%) - 30-39 y, 4 subjects (33.3%) - 40-49 y, 3 subjects (25%) - 50-69 vy, 2 subjects
(16.7%) > 70 y, mean age 51.42 * 14.83, IMC (kg/m?) media 24.917+6.33

Experimental group - 3 subjects (25%) 30-39 y, 3 subiecti (25%) 40-49 y, 4 subiecti (33.3%) 50-69 y, 2
subiecti (16.7%) > 70 y, mean age 49.75  14.16, IMC (kg/m?) media 27.9515.63

Monitored values: perceived effort 41.233 E/C Borg, RC < RCT (C/E), DC n=14.3% E

Segmental analysis E/C effectiveness in | DM = 75% (G 55.70% , CF 15.39% , Glz 3.91%) si 1 Srength Glz = 16.22%

Evaluare concluzii VAS Joint Balance Muscle Imbalances

Teste statistice p<.05 Cl 95% C E C E Cc E

Testul t perechi (p) .000 .000 .000 .000 .002 .002
Wilcoxon test (p) .002 .002 .002 .002 .002 .002
Indice corelatie (r) .885 .658 .810 .832
Testul semnelor .000 .000 .000 .000 .000 .000
Analiza cu bare de control 174.5% | 184.4% 130% E/C
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15.1.3.3. SWOT analysis related to the use of the static horizontal pedal system used in

motor rehabilitation

Facilitation of walking is a basic goal of rehabilitation that has an impact on the quality
of life of the individual, the health system and society. Exercise programs must be cost-
effective, logical, and effective to achieve rapid improvements in motor function. The SWOT
analysis related to the use of the static horizontal pedal system used identified the related

strengths and opportunities according to Table 15.4

Table 15.4 SWOT analysis related to the use of the static horizontal pedal system used in motor
rehabilitation, [own contribution] after personal study (Murgoci, 2022a)

Positives

Strengths (+)

- encouraging statistical results in terms of reducing pain, re-educating muscle imbalances,
increasing joint amplitude, correlation with stability index and quality of life indicators;

- promoting active movement along the entire kinetic chain of the lower limb;

- addressability for deconditioned patients in the therapeutic window of opportunity for
intervention;

- rhythmic, alternative movement, reducing the biomechanical deficit;

- good exercise tolerance tested also in post-Covid-19 patients, reduction of chronotropic
deficit;

- interactive interface for observing the way of pedaling thanks to the sensors attached to
the pedals connected to the laptop, which leads to awareness of deficiencies and
correction in real time;

- the novelty element represented by the use of the velostat in a double layer of sensors,
connected to the Arduino board, leads to an effective highlighting of muscle imbalances
expressed in analog values.

Opportunities (+)

- increased needs for ambulatory
rehabilitation;

- virtual reality enhanced pedaling systems
are a challenge;

- the rehabilitation of ambulation related to
geriatric, post-stroke, post-trauma patients
considerably reduces the expenses of the
social and health system.

Negatives

Weaknesses (-)

- requires specialist assistance for monitoring perceived effort and heart rate;

- patients must comply with the medication and the recommended hygienic-dietary
regimen;

- resource limitations regarding the equipment used and the adjacent personnel;

- relatively limited number of patients in the study (total n=24, n=12 C/E).

Threats (-)

- the services regarding the provision of
exercise equipment for the lower limbs are
partially supported by the social health
insurance according to some rigorous
criteria;

-small number of accredited specialists in
the field of physiotherapy at home.

15.1.3.4. Conclusions of the application of the SF-36 questionnaire - Quality of life

The measurement criteria of the RAND SF-36 V1 questionnaire (Table 15.4) were
comprehensively analyzed in terms of appropriateness, acceptability, feasibility, validity,
reliability, responsiveness, precision and interpretability. The analysis model was also
developed and applied in the published study regarding the evaluation of the results of the
quality of life after the motor rehabilitation of the lower limbs using a stationary horizontal

bicycle (Murgoci, 2023).

Table 15.5 The measurement criteria of the RAND SF-36 V1 questionnaire, according to (Murgoci,

2023)
Details of the instrument
No. | Criteria used RAND SF-36 V1 Application
Adecvare Content adapted to the
1 | Appropriateness objectives of the study Main objective — facilitation of ambulation/gait rehabilitation
Acceptabilitate Acceptance rate from | Response rates TO/T2 = 100%, Romanian version, average completion
2 | Acceptability patients/family members time 11 minutes and 15 seconds.
Information processing and data collection by physiotherapist and
patient/relative during rehabilitation sessions, the short form used is the
most manageable,
Fezabilitate Ease of administration and | SF-36 OrthoToolKit for data aggregation is licensed (Optum) and freely
3 | Feasibility processing available online (Rand), for completion 6 minutes online kit completion..
Three main types of validity — content, criterion and construct by
Validitate It measures what it claims to | correlation with other tests proven by the specialized literature. A valid QoL
4 | Validity measure scale shows differences in the expected direction..
It includes stability over time (ie test-retest reliability); between raters or
It produces results that are | interviewers (ie, interrater reliability); with internal consistency reliability-
Fiabilitate repro_ducible and internally | ICC ‘was applied. To check the internal consistency, the Pearson
Reliabilit consistent coeffl_ment was used at T_1 and T2 for the control group and the
5 eliabiity experimental group, respectively.
p group, resp y
Receptivitate Detect changes over time that | Statistical evaluation of effect size, T-test for paired samples, Sign test,
6 | Responsiveness matter to patients Wilcoxon.
Refers to cross-checked QoL scores due to the fourth criterion (validity),
Precizie It refers to QoL scores — 8 | the use of Likert-type response where degrees of agreement are given by
7 | Precision dimensions of health progressive values
Interpretabilitate | Easy-to-understand scores | It means significant and interpretable scores, the Romanian version was
8 | Interpretability for patients used.
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The conclusions resulting from the application of the SF-36 questionnaire
emerge from the cluster analysis of results at the level of the physical and mental components,
summarized with the mention that all the health dimensions evaluated recorded statistically
significant values for both groups.

Following the standard and proposed rehabilitation program applied at the level of the
control and experimental groups, the following results were obtained at the level of the quality
of life at the intergroup level, as well as compared to the norm of the general population.

= Intergroup level

- for the physical components summarized at the end of the eight weeks of physical
therapy compared to the initial values, an increase of 7.91% of the experimental group (51.73)
compared to the standard (47.94);

- for the mental components summarized at the end of the eight weeks of physical
therapy compared to the initial values, an increase of 2.75% of the experimental group (55.29)
compared to the standard (53.81).

= Normative level

- the control group - minus 4.12% up to the value of 50 for the summarized physical
components (47.94) and 7.62% increase above the value of 50 for the summarized mental
components (53.81);

- the experimental group - increase of 3.46% above the value of 50 for the
summarized physical components (51.73) and of 10.58% above the value of 50 for the
summarized mental components (55.29).

The applied questionnaire was analyzed interdependently with the functional results
being relevant for the program that included a static horizontal pedal rack - Figure 15.4.

Conclusions of the C/E T2/T0 cross-correlated statistical evaluation
C (n=12), E (n=12)

Rehabilitation intervention: eight weeks standard/proposed program 50 min, frequency 3 times/week
Evaluation KIT: RAND 36-ltem Health Survey 1.0
Constructive criteria

Acceptability
100% response rate
Romanian version (New England Medical Center)
Average questionnaire completion time = 11 min 15
sec

Feasibility
SF-36 OrthoToolKit is licensed by
Optum and available free online
(Rand), 6 min completion time for
the kit

Interpretability

Accredited translation into
Romanian

Technical-economic criteria

Validity
Proven by the Medical Outcomes Study and
specialized literature

Precision

Use Likert scales with multiple response options
criteria

Outcome

Responsiveness

Reliability Parametric tests T-Test,

Intraclass correlation coefficient (ICC) evaluated with
The Cronbach's Alpha coefficient has a maximum value
of 1.000 (optimal value >0.9) for test-retest with two
different observers for the control and experimental
group at TO and T2, using the two-way random effects
model, p<.000
Consistency was determined with the Pearson
correlation coefficient (r) at time TO and T2 for each
group separately.

and nonparametric sign test, Wilcoxon (Z), p<.000
for the control/experimental group (PF, RP, RE, VT,
SF, BP, MH, GH, HC)

Determination of the effect size based on the z-score
using the partial eta2 factor (n2) for the summarized
physical and mental components - relevant effect
(>.40)
control group n2 = .664 PCS and .651 MCS

experimental group n2 = .501 PCS and .537 MCS

Target criterion - objective

Appropriateness
Answer if the content of the questionnaire corresponds to the main purpose of the study, namely the facilitation of ambulation
Application of postural orthostatic stability test (T2)
C (12 patients) - the stability score recorded: excellent values 2 (16.7%), very good 5 (41.7%) and 5 normal values (41.7%)
E (12 patients) - the stability score registered: excellent values 4 (33.3%), very good 5 (41.7%) and 3 normal values 3 (25%)

Figure 15.4. Conclusions of the intercorrelated statistical evaluation C/ET2/T0 [Own contribution]
Table 15.6 Responsiveness — Quality of life

T test p<.000; (o3 E
W test p<.002
r
r(PF) .650 .703
r(VT) - .765
r(MH) 717 .871
r(SF) .608 .637
r(GH) .586 .784
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The analysis of the receptivity results (Table 15.6) related to the quality of life
questionnaire was carried out, for which the proposed rehabilitation program with the horizontal
pedal board had a greater statistical relevance for the experimental group in the dimensions
of physical functionality (PF), vitality (VT), health mental health (MH), social functionality (SF)
and general health (GH).

Multiple regression analysis - ordinary least squares (OLS) for comparing the
efficiency of the rehabilitation programs used, taking into account as independent variables the
results obtained according to the applied test battery.

The dependent variable is the stability score (proprioception and balance test)
obtained after eight weeks of rehabilitation (T2) and the joint balance (BA T2), muscle balance
(BM T2), the difference in muscle imbalances between the lower limbs were considered as
dependent variables (Dif VAM T2) and the summarized physical components calculated based
on the z-score. The results of the multiple regression analysis for the experimental group
showed interdependence between the independent variables considered as predictors of
estimation adjusted R2 = .671, p=.016 (p<.05). The articular balance has a beta coefficient of
527 with a statistical significance of .045, proving that the simultaneous rhythmic movement
involving the ftriple flexion/extension chain with the help of the static horizontal bicycle led to
the validation of the result in favor of the proposed program.

The standard program includes therapeutic exercises applied according to each
pathology that mainly targets the injured lower limb.

The rhythmic, symmetrical movement involved in pedaling that simultaneously
engages the triple flexion chain and simultaneously the triple extension related to the opposite
leg diminishes the differences in muscle strength, corrects alignment and body posture, and
re-educates the sensitivity of the injured pelvic limb. The lower limb indem facilitates the
movement of the injured lower limb, the agonist-antagonist coactivation being the physiological
premise of establishing a normal gesture.

The standard program aims at analytical methods of segmental activation, specific
while the proposed program involving static horizontal pedaling involves methods of synthesis,
global and synergistic activation, its results being superior in this case.

The final conclusion of the paper is that the built horizontal pedal system proved its
efficiency by running the multiple regression analysis that correlated the motor rehabilitation
results with those of the quality of life questionnaire.

15.2. OWN CONTRIBUTIONS

The need to approach physical therapy in order to improve the quality of life represents
a requirement with multiple valences for the current course of existing pathologies. Stationary
bicycles were considered in studies to be safe, feasible, important in maintaining
myoarthrokinetic structures and normalizing cardio-pulmonary parameters, preventing and
reducing neuromotor deficits.

The development of a horizontal pedal system that addresses patients in the
therapeutic window of intervention cumulatively targets musculoskeletal, neurological and
cardio-pulmonary medical conditions.

The own contributions in this paper aim at the design, construction and testing of a
static horizontal pedaling device, the design of an individualized kinetotherapeutic program
depending on the risk associated with each patient, the application of a medical recuperative
protocol involving static horizontal pedaling in accordance with the recommendations of the
specialist doctor compared to the protocol standard. The evaluation of the results of the SF-36
V1 quality of life questionnaire based on the eight assessment criteria represents an added
value, as this aspect has not been comprehensively addressed in the specialized literature, as
well as the statistical model of intercorrelation analysis with the rehabilitation test battery.

The design of the device took into account its reliability, the inter-pedal distance of 140
cm, optimally expressed by the self-selected Q factor to ensure the stability of the knee during
pedaling, the position of the patient - supine, the active mode of action and the distribution of
forces in the kinetic chain controlled. The design of the electrical scheme took into account the
safety of use, the transfer of information from the plantar pressure sensors being carried out
through the Arduino analog board, whose reliability, usefulness, efficiency in gait analysis has
been demonstrated by the specialized literature. The open-source Arduino software (IDE
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1.8.19) facilitates writing the code and uploading it to the board, and the Data Streamer
application (Microsoft Excel) allows importing, viewing and analyzing live data from the
external device - the Arduino microcontroller, in order to evaluate muscle imbalances . The
Arduino board returns a value from 0-1024 for any given analog signal corresponding to a 5
volt source. Added to this is the low cost, being a feasible method of design and application.
The novelty element represented by the use of the velostat in a double layer of sensors,
connected to the Arduino board, leads to an effective highlighting of muscle imbalances
expressed in analog values.

The dosage of the therapeutic exercises that involved pedaling was determined
according to the riskogram related to each patient. Bio-impedance evaluation was performed
to establish the patient's somatotype according to muscle indices (SMI), fat tissue index (FMI)
and non-fat tissue index (FFMI). The structure of the pedaling exercise program was
established by degrees of difficulty depending on the riskogram: A — high risk, B — moderate
risk, C — minimal risk. Periodization, use of passive rest to induce eustress, ensure adherence
to treatment, aerobic conditioning, ascending followed by descending protocol were included
in the rehabilitation protocol to ensure minimal energy expenditure. The monitoring elements
of the rehabilitation program were represented by the assessment of perceived pedaling effort
with the Borg scale, heart rate monitoring

The efficiency of the proposed rehabilitation program was compared to a standard
program, preliminary experimental research (N=10 subjects) and final (N=24 subjects). We
concluded that the rehabilitation program that included the horizontal stationary bicycle
achieved better results in terms of pain control and correction of muscle imbalances related to
the lower limbs, noting that both programs recorded statistically significant results in terms of
functionality.

In order to divide the results at the end of the eight-week rehabilitation period, we
applied the stability test, each patient is given a score by correlation with the Zepp Analyzer
application according to their proprioception capacity.

The results of the quality of life questionnaire were analyzed summarized in the form
of physical and mental components, adjusted with the z-score, compared to a standard norm
and the results available at the level of Romania.

The sequence of the analysis of the evaluation criteria of the RAND SF-36 V1 quality
of life questionnaire represents an element of originality, these being grouped into constructive
criteria (validity and precision), technical-economic criteria (acceptability, feasibility and
interpretability), criteria that reflect the results (reliability and responsiveness). Suitability — the
target criterion, which answers whether the content of the questionnaire meets the main
purpose of the study, namely the facilitation of ambulation, was analyzed with the postural
stability test for the assessment of proprioception.

We applied the multiple regression analysis - ordinary least squares (OLS) to compare
the efficiency of the rehabilitation programs used, taking into account as independent variables
the results obtained according to the battery of tests applied to evaluate motor rehabilitation
and as dependent variable the results of the stability test.

The constructed horizontal pedaling system proved its efficiency by running the multiple
regression analysis that correlated the motor rehabilitation results with those of the quality of
life questionnaire, a correlation that did not prove statistically significant in the case of the
standard program, static horizontal pedaling involving synthesis methods, of global and
synergistic activation, with superior results in this case.

15.3. PERSPECTIVES

The identified perspectives are the underlining of strategic frameworks to stimulate the
rehabilitation process

The first perspective identified so far was the one regarding the importance of the
metatarsophalangeal joint related to the hallux in the process of walking rehabilitation (Murgoci
& Mereutd, 2021). The personal study presented at the doctoral scientific conference in June
2021 was carried out on 19 patients over 55 years old from the own portfolio from November
2020 - March 2021 diagnosed with various pathologies (except for amputation) affecting the
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lower limbs and with indications for physiotherapy. Determination of active dorsiflexion and
active plantar flexion of the first metatarsophalangeal joint was performed according to the
American Medical Association grading scale. If the MTF joint has reduced AM during joint
testing, it is an indicative sign of a condition called functional hallux limitus or hallux rigidus.
Movement is limited during walking due to ambulation blocking in phase 3 of walking. Kinetic
programs can only be used for the first 3 classes depending on the AMA and hallux rigidus
severity grades 0-2. The final conclusion of the most important personal study was that in the
process of gait rehabilitation, physical therapy can be performed for 12 patients out of 19 for
the first MTF joint, among other programs for the kinetic chain to turn the disadvantage of the
long immobilization time into the opportunity of rehabilitation correct ambulation (Murgoci &
Mereuta, 2021).

The second perspective is to correlate the anti-inflammatory effect of exercises with an
appropriate diet, an approach according to a published study that highlights the impact of
perception on maintaining adherence in complying with prescriptions related to therapeutic
exercises and the related dietary regimen in subjects known to have low back pain (Murgoci,
2022b).

Debates regarding the role of therapeutic exercise and diet as modulators of an anti-
inflammatory state have occurred in recent years in the medical community. The synergy
between moderate-intensity exercise and an appropriate diet aimed at lowering IL-1 inhibits
the production of the pro-inflammatory cytokine TNF-a, the key regulator of local and systemic
inflammation. One of the most important causes of short- and long-term disability in all
occupational groups is back pain, which affects quality of life. Degeneration of the
intervertebral disc (IVD) causes back pain that worsens with age. The Oswestry Disability
Index rating was applied to 23 subjects with back pain to investigate the degree of disability.
Nutrition of the intervertebral disc, involving therapeutic exercises and a personalized diet can
be crucial adjuvants to the rehabilitation process. The appropriate diet and therapeutic exercise
approach is designed to assess the impact of awareness on the possibility of improving health
outcomes. The educational strategy is essential because implementation of dietary change
can elicit resistant behavior as well as adherence to exercise therapy. A key to effective
management of the inflammatory state due to various comorbidities is to use the cumulative
effects of health professionals' prescriptions. The challenge is to ensure compliance with these
actions for each patient (Murgoci, 2022b).

The third perspective consists in encouraging the use of pedaling with the help of a
stationary horizontal bicycle in rehabilitation programs, which is a reliable, easy-to-implement
tool contributing to improving the quality of life of patients, which has both a therapeutic and
diagnostic role, as well as improving the model used by collaboration with a profile company.
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